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PREFACE  TO  THIED  EDITION 


Whuje  yet  contemplating  the  ftppearance  of  a  third  editioo  of  the 
Manual  of  ladustjial  Chemistry,  we  became  aware  that  the  fabric  of 
American  Industry  was  rapidly  ehaping  itself  under  the  influence  of  war 
into  a  marvelous  structure,  the  importance  of  which  was  not  only  apparent 
to  the  industrial  chemist  but  to  the  pubUc  at  large. 

We  have  thus  been  forced  to  enter  a  new  era  in  our  conmiercial  develop- 
ment where  the  role  to  be  played  by  the  American  chemist  will  be  far- 
reaching  in  its  effect  upon  our  future  proeperity.  In  order,  therefore,  that 
the  chemists  of  the  cotmtry  may  be  somewhat  aBsisted,  by  having  the 
proper  toots  at  their  disposal,  it  has  been  deemed  advisable  to  again 
bring  this  volume  up-to-date,  and  thus,  in  a  humble  way,  add  to  the 
^Bciency  and  achievements  of  our  profession. 

The  numerous  collaborators  have  nobly  responded  to  the  call,  even 
nc||lecting  other  important  duties,  in  order  that  they  might  incorporate 
into  their  contributitHis  the  most  modem  methods  and  processes. 

Some  of  the  material  appearing  in  the  second  edition  has  been  eliminated, 
but  to  offset  this  four  entirely  new  chapters  have  been  introduced.  Nearly 
eveiy  chapter  has  been  revised  and  substantially  enlarged.  By  this  revision, 
over  two  hundred  pages  have  been  added  to  the  text  and  over  seventy  new 
illuBtaations  provided. 

Many  valuable  suggestions  have  been  received  from  those  using  the 
bocdc,  and  an  attempt  has  been  made  to  incorporate  them  in  the  present 
volume.  Constructive  criticism  is  always  welcome  and  it  is  hoped  that 
the  reader  will  feel  that  it  is  his  book  and  will  bear  in  mind  that  further 
suQ^tions  for  its  betterment  will  be  greatly  appreciated. 

The  editor,  on  behalf  of  the  collaborators  in  this  undertaking,  desires  to 
express  his  appreciation  of  the  cordial  reception  tendered  the  previous  vol- 
umes and  sincerely  hopes  that  the  third  edition  will  meet  with  the  same 
friendly  approvaL 

AlLSN  ROQEBS. 
,     BaooKLTN,  N.Y. 
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PREFACE  TO  FIRST  EDITION 


The  purpose  in  preparing  this  book  tias  been  to  assemble  the  ideas 
of  a  large  number  of  mea  who  are  recc^ized  authorities  in  their 
respective  lines  and  thus  produce  a  volume  which  would  represent 
modem  American  methods  and  proc^ses.  It  has  been  the  ^m  of  the 
authors  not  to  give  undue  attention  to  minor  details  in  order  that  the 
student  may  more  fully  appreciate  the  fundamental  principles  set  forth. 
The  subject  matter  is  essentially  descriptive  without,  however,  omitting 
the  theoretical  conuderations  necessary  for  the  proper  understEinding 
of  the  subject. 

The  editors  ask  the  indulgence  of  the  reader  for  any  errors  or  omis- 
raons  that  occur  ia  the  present  volume.  In  a  work  of  this  character, 
covering  so  wide  a  range,  frequent  revisions  will  be  necessary,  and  they 
will  be  grateful  for  any  suggestions  with  this  end  in  view  that  may  be 
submitted  to  them. 

The  authors'  acknowledgments  are  due  to  the  various  manufacturers 
who  have  furnished  cuts  of  their  machinery;    to  Mr.  George  C.  Abbe 
for  his  aid  in  the  preparation  of  drawings;  and  to  Mr.  Charles  M.  Allen, 
who  has  given  valuable  assistance  in  the  preparation  of  the  manuscript, 
Allen  Rogers,  Brooklyn,  N.  Y. 
Alfbed  B.  Aubebt,  New  York  City. 
Mat  I,  1912. 
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GENERAL  PROCESSES 
ALLEN  ROGERS 

Grinding.  Id  the  manufacture  of  chemical  products  one  of  the  moat 
important  operations  is  grinding.  Not  only  must  the  raw  material  be 
reduced  to  a  state  of  fine  division  before  it  can  be  used,  but,  in  many 
instances,  it  must  be  placed  on  the  market  in  the  form  of  a  fine  powder  or 
paste.  The  finished  product  depends  entirely  upon  the  natm%  of  the  mate- 
rial and  its  intended  purpose.  Thus,  in  many  metallurgical  operations  it 
becomes  necessary  to  crush  very  hard  rocks  or  ores;  whereas  in  the  paint 
industry  materials  must  be  sold  ia  a  finely  powdered  form.  There  are, 
therefore,  three  general  classes  of  grinding  machines,  namely:  those  which 
do  crushing  and  coarse  grinding;  those  which  convert  materials  into  a 
fine*powder,  and  those  which  produce  materials  in  the  paste  form.  The 
foUowing  are  some  of  the  numerous  types  in  use. 

Jaw  Crusher.  The  simplest  and  least  expensive  crusher  is  that  known 
as  the  jaw  crusher.  It  ia  a  very  heavy  machine  and  consists  essentially 
of  a  stationary  steel  plate 
against  wiiich  a  corresponding 
steel  jaw  works  on  a  cam,  im- 
parting a  roUing  motion.  This 
machine  will  crush  the  hardest 
materials.  By  means  of  an 
adjusting  screw,  the  working 
parts  may  be  r^ulated  to 
give  a  coarse  or  fine  product 
as  desired.  It  finds  applica- 
tion in  metallurgical  operations 
for  ore  crushing,  in  the  manu- 
facture of  plaster  of  Paris,  in  _  . 
the    crushing    of    pyrites  for 

sulphuric  acid  manufacture,  and  for  various  other  purposes.  Inasmuch 
as  a  great  strain  accompanies  the  working  of  this  machine,  it  is  always 
placed   on   a   very  solid    foundation.      Fig.  1  represents  a  small  jaw 
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cniflher  for  laboratory   work.     This  may  be    either    hand  or  power 
driven, 

F^.  2  illustrates  a  heavy  machine  for  commercial  purposes. 


Crushing  RoUs.  This  type  of  machine  is  employed  quite  extensively 
for  reducing  the  product  of  the  jaw  crusher  to  a  finer  state  of  division, 
or  for  soft  materials.  Fig.  3 
I  shows  a  laboratory  roller,  and 
Fig.  4  a  heavy  type  of  ma- 
chine adapted  to  metallui^- 
cal  operations,  as  Well  as  to 
the  crushing  of  soft  materials. 
The  rollers  may  be  either  plain 
or  corrugated, 

Rotaiy  Fine  Crusher.  The 
rotary  crushers  are  for  rocks 
I  of  moderate  hardness.  They 
are  provided  with  double  doors 
that  carry  all  of  the  grinding 
parts  and  swing  open  as  easily 
as  the  doors  of  a  safe,  thus  readily  exposing  every  part  to  inspection. 
Their  capacity  ranges  from  2  to  30  tons  per  hour.  By  turning  an  adjust- 
ing screw,  they  may  be  regulated,  while  running,  for  fine  or  coarse  work. 
See  Fig.  5. 

Disintegrate.  This  machine,  known  also  as  a  pulverizing  mill,  is 
especially  adapted  for  materiab  of  a  lumpy  nature,  Uke  dry  colors,  soft 
pigments,  borax,  sulphur,  starch,  etc.;  also  for  the  mixing  of  dry  materials 
like  fertihzer.  The  construction  of  the  machine  is  simple,  as  will  be 
seen  from  Figs.  6  and  7.  The  steel  cages  run  at  a  very  high  speed  in  oppo- 
site directions,  thus  driving  the  material  through  the  steel  bars  by  cen- 
trifugal force  and  pounding  it  to  a  powder.  They  are  very  strongly  built, 
and  may  be  very  easily  and  quickly  cleaned  by  taking  off  the  top  half  of 
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the  easily,  removing  the  bolte  holding  bearing  frames  to  the  bed  plate, 
then  drawing  frame  and  cages  apart  by  tail  screw,  shown  in  the  illustration. 


Fto.  4. 

Chaser.  There  are  various  materials  of  such  peculiar  nature  liiat  they 
cannot  be  crushed  by  any  <rf  the  machines  described  above.  Such  sub- 
stances as  seeds  and  drugs,  for  example, 
are  best  powdered  by  means  of  the 
chaser.  This  is  also  used  for  mixing 
loams  in  foundry  work,  for  mortar, 
and  for  crushing  and  mixing  in  a 
semi-dry  state.  The  chaser,  I^.  8,  is 
equipped  with  a  stone  or  steel  bed  on 
which  rotate  one  or  two  "  edge  run- 
ners "  or  "  travelers,"  An  arm  with 
scraper  attached  travels  just  in  front 
of  the  runners  and  brings  the  material 
under  the  heavy  rollers.  The  wh6\o 
apparatus  is  eet  in  a  pan  arranged 
with  a  gate  for  discharging. 

Buhr-stone  Mills.  For  fine  grind- 
ing <rf  dry  or  wet  materials  stone 
mills  are  most  common  and  are  ex-  Fio  JS 

ceedingty  well  adapted  to  the  pur- 
pose. Fig.  9  shows  an  under-driven  dry  miU,  which  is  open  in  order  to 
give  an  idea  of  the  working  surfaces.  This  mill  grinds  soft  materiab 
such  ae  flour,  pigments,  and  dry  colors.  Fig.  10  is  the  Ross  improved 
paint  and  color  mill  ready  for  work.  It  is  provided  with  a  double  set  of 
stones  having  a  water-coohng  arr&ngement  to  prevent  excessive  genera- 
tioa  «tf  heat  during  the  grinding  of  paste  colors  and  paints.  The  material 
is  fed  in  through  the  hopper  and  is  carried  by  centrifugal  force  to  the 
grinding  parts  of  the  first  set  of  stones,  from  which  it  then  passes  to  the 
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second  eet.    The  degree  of  fineness  is  regulated  by  means  of  set  screws 
on  the  side.    For  paste  and  paint  grinding  it  is  necessary  to  provide  a 


FiQ.  6.  Fio."7. 

scraper  on  the  traveling  stone  to  remove  the  product  as  it  passes  the 
grinding  face. 

Ban  Mills.  These  mills  are  on  the 
market  in  several  types  for  various  lines 
(tf  industry.  Most  common  among  them 
is  the  Fuller-Lehigh  Pulverizer,  Fig.  11, 
largely  employed  in  the  manufacture  of 
cement.  It  consists  of  a  horizontal  ring 
or  die  against  which  revolve  four  balls 


propelled  by  means  of  pushers.  The  die  and  pushers  are  chilled  charcoal- 
iron  castings,  and  the  balls  are  of  steel  forgings.  They  revolve  at  a  speed 
of  about  155  revolutions  per  minute,  and  hence  press  against  the 
die  with  enormous  centrifugal  force.  The  material  to  be  ground  is 
fed  into  the  hopper,  which  in  turn  serves  the  feeder.  The  material  dia- 
chaiged  by  the  feeder  falls  down  into  the  pan  of  the  mill,  situated  below  the 
die,  and  is  drawn  up  from  this  in  between  the  rapidly  revolving  balls  and 
stationary  die  by  means  of  air  currenta  induced  by  fans  placed  in-  tbe 
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chamber  above  the  die.    The  material  is  pulverized  by  the  rolling  of  the 
balls  against  the  die,  the  grinding  action  being  amilar  to  that  of  a  mortar 


and  pestle.  The  finely  pulverized  material  is  sucked  upwards  by  means 
of  the  fans  and  out  through  the  screens.  The  material  passing  through 
the  screen  falls  down  between  this  screen  and  the  outer  casing,  and  is  dia- 


FiQ.  12. 

charged  from  the  mill  through  the  discharge  spout,  which  may  be  placed 
at  any  one  of  four  quarters  of  the  mill,  lie  feed  te  the  mill,  and  conse- 
quently the  fineness  of  the  product,  may  be  controlled  in  two  ways,  either 
by  a  slide  on  the  hopper  or  by  means  of  the  stepped  pulley  connected  to 
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the  screw  conveyor  by  gearing.  The  mill  is  provided  with  two  screens, 
one,  the  inner,  of  1-inch  mesh  made  of  very  heavy  wire  to  protect  the  outer 
one.  The  outer  screen  does  not  really  screen,  but  merely  controls  the  draft 
of  air,  and  hence  the  fineness,  since  the  greater  the  velocity  the  greater 
the  carrying  power  of  the  air,  and  the  coarser  the  product. 

Pebble  Blills.  Pebble  mills  grind  principally  by  friction  due  to  tiie 
sUding,  tumbling,  and  rolling  inside  the  mill  of  a  great  number  of  flint 
pebbles  or  porcelain  balls  mixed  with  the  substance  to  be  ground,  the  move- 
ment being  caused  by  revolving  the  mill  at  a  regulated  speed.  As  pebble 
mills  are  not  crushers,  all  material  should  be  crushed  to  a  certain  d^ree  of 
fineness  before  it  is  chained  into  the  machine.  The  mill  shown  in  Fig.  12 
is  lined  with  vitrified  porcelain,  thus  presenting  a  grinding  surface  which  will 
neither  contaminate  nor  discolor  the  material  being  pulverized. 

Tube  MiUs.  The  general  principle  of  grinding  which  operates  in  the 
tube  mill  is  the  same  as  in  the  ordinary  pebble  mill,  the  difference  being 
that  the  material  to  be  ground  in  the  tube  mill  is  fed  in  at  one  end  and  is 
deUvered  as  a  finished  product  at  the  other,  the  fineness  of  the  [voduct 
being  r^ulated  Eomply  by  the  speed  at  which  the  material  is  fed  into  the 
machine.  The  slower  the  feeding  the  longer  the  material  receives  the 
action  of  the  pebbles  and  the  finer  the  dischai^ed  product.  To  make  a 
coarse  material,  the  feeding  is  increased. 

Some  of  the  more  modem  forms  of  tube  mills  are  provided  with  a 
"Spiral  Feed."  By  means  of  a  crescentrshaped  opening  located  where 
the  spiral  starts,  a  certain  quantity  of  the  material  is  allowed  to  enter, 
and,  as  the  machine  revolves,  this  travels  forward  until  it  reaches  the 
center  where  it  enters  the  grinding  chamber.  Thus,  after  two  or  three 
revolutions,  there  is  a  constant  feed  of  a  regular  amount  of  material. 
From  the  grinding  chamber  the  product  passes  through  a  perforated  plate 
into  a  reverse  spiral  and  is  discharged  thence  from  the  center  of  the  machine. 
In  this  way  all  labor  of  shoveHng  pebbles  is  avoided. 

Harding's  Conical  Mill.  The  Harding  Conical  Mill,  Fig.  13,  is  a  de- 
vice wherein  the  large  crushing  bodies  arrange  themselves  at  the  lai^est 
diameter  and  decrease  in  size  toward  the 
outlet  of  the  cone.  Coarse  material  en- 
tering the  mill  is  immediately  subjected 
to  the  impacts  of  the  largest  grinding 
bodies,  is  subdivided,  and,  according  to 
the  division,  passed  along  to  the  next 
zone  of  smaller  grinders,  and  so  on  until 
the  dibchai^  end  is  reached, 
p^  jg  The  grinding  mediimis  automatically 

adjust  or  classify  themselves  to  the  work 
to  be  performed.  An  ideal  Stage  or  Step  Reduction  is  thus  embodied 
within  the  single  machine — a  combination  of  percussion  and  attrition — 
comparatively  a  sledge  hammer  is  used  upon  a  spike,  a  naQ  hammer 
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upon  a  nail,  and  a  tack  hammer  upon  a  tack,  utilizing  all  the  mechanical 
forces  with  the  greatest  possible  effect. 

Roller  Hills.  For  the  grinding  of  lithographic  inks,  colore  in  vamish, 
chocolate,  and  many  other  pasty  materials  the  foregoing  methods  cannot 
be  satisfactorily  employed.  The  roller  mill,  Fig.  14,  however,  obviates 
the  difficiilties  encountered  and  is  latgely  used  for  the  purposes  mentioned. 
In  its  construction  this  machine  usually  consists  of  three  8t«el  rolls,  which 
rotate  at  different  speeds,  thus  passing  the  product  to  the  front,  where  it 
is  detached  by  means  of  a  scraper  and  falls  onto  an  apron.    By  means 


Fra.  14. 

of  adjusting  wheels  the  front  and  back  rolls  are  under  perfect  control 
and  may  be  set  to  any  d^jee  of  fineness  desired. 

SifUng.  Often  when  the  substance  being  treated  is  ground  in  a  dry 
condition,  it  is  necessary  to  separate  the  coarse  from  the  fine  particles. 
This  is  effected  with  sifting  or  bolting  machines  of  numerous  forms  and 
8t:yle8.  The  decree  of  fineness  is  regulated  by  either  wire  sieves  or  bolting 
doth.  In  all  cases  the  ground  material  entere  the  reel,  and,  as  this  rotates, 
the  fine  powder  passes  through  the  meshes,  leaving  the  coarse  particles  in 
the  reel 

Sedbnentatiai.  To  overctMne  ihe  annoyance  and  loss  caused  by 
flying  dust,  many  materials  are  ground  in  water.  As  the  resulting  turbid 
liquid  comes  &t«n  the  mill  it  is  allowed  to  Sow  into  the  first  of  a  series 
of  tanks,  where  the  coarser  and  heavier  particles  rapidly  settle,  leaving  the 
finer  substance  in  suspension.  The  liquid  is  then  drawn  to  the  second 
tank,  where  it  is  allowed  to  remain  somewhat  longer  than  in  the  first  tank. 
In  each  of  the  subsequent  tanks  the  fiquid  remains  for  a  longer  period  than 
in  the  one  previous,  thus  giving  various  degrees  of  fineness  to  the  resulting 
product,  the  coarse  particles  being  returned  to  the  mill  for  further  grindu^. 
This  operation  is  sometimes  spoken  of  as  "  levigation." 

Filtration.  This  process  means  the  separation  of  suspended  solids 
from  a. liquid,  and  it  often  presents  grave  difficulties,  especially  when 
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workmg  with  Wge  volumes.  The  medium  of  filtration  may  be  paper, 
cloth,  cotton,  wool,  asbestoe,  slag,  or  glasB-wool,  unglased  earthenware, 
sand,  or  other  porous  material. 

Ribbed  Filter.  For  handling  small  amounts  of  material  the  ribbed 
filter  is  very  convenient  and  is  made  by  folding  an  ordinary  lai^  filter 
in  Buch  a  manner  that,  when  inserted  into  the  funnel,  it  will  leave  canals 
along  the  side.  To  prevent  breaking  of  the  filter  the  tip  should  be  forced 
well  into  the  neck  of  the  funnel.  , 

Bag  Nter.  A  very  satisfactory  method  of  filtering  coarse  material 
is  to  arrange  four  pieces  of  wood  as  shown  in  Fig.  15,  and  on  the  brads 
suspend  a  piece  of  muslin  in  such  a  manner  as  to 
form  a  bag.  The  portion  passing  through  at  first 
may  be  sli^tly  cloudy,  but,  as  the  pores  fill  with 
the  precipitate,  the  filtrate  becomes  clear. 

Suction  Filter.  This  form  of  filter  is  used 
very  largely  where  it  ia  desired  to  retain  the  fil- 
trate as  well  as  the  sohd  matter.  It  consista  of  a 
box  arranged  so  that  the  lower  section  is  con- 
nected with  the  vacuum  pump,  and  over  the  per- 
forated bottom  is  placed  the  canvas  or  other  filter^ 
iog  medium. 

Filter  Press.  A  very  rapid  and  convenient 
method  of  filtration  is  by  means  of  the  filter  press.  Although  they 
are  all  built  on  the  same  principle,  their  details  of  construction  vary 
to  a  marked  d^ree.    In  its  simplest  form,  however,  it  consists  of  dis- 


Fm.  16. 


Fio.  W. 


tance  frames  and  plates.  Fig.  16.  These  plates  and  frames  rest  upon 
a  pair  of  parallel  bars  and  are  held  in  position  by  lugs  projecting  from 
each  side.  Over  the  stu^ace  of  each  plate  is  stretched  a  filtering  medium, 
usually  cloth,  held  secure  by  pegs;  the  whole  being  forced  against  the 
adjacent  frame  by  means  of  a  screw  or  hydraulic  pressure.  The  material 
to  be  filtered  is  forced  through  the  channel  aloi^  the  top  of  the  press  and 
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into  the  distance  framea.  The  solid  material  is  held  back  by  the  filteriag 
medium,  gradually  filling  the  chambers  and  producing  a  solid  cake.  The 
liquid  which  passes  through  the  filter  is  allowed  to  discharge  into  the 
channels  along  the  lower  portion  of  the  press,  where  it  may  be  recovered  or 
discarded  as  wished. 

A  more  recent  form  of  filter  press  is  the  Sweetland  self-dumping  filter, 
shown  in  Fig.  17.  The  material  to  be  filtered  is  forced  into  the  filter  body 
by  gravity  pressure  or  by 
means  of  a  pump,  lite  filter 
body  comprieea  two  semi- 
cylindrical  castings  of  high 
tensile  strength.  As  soon  as 
the  filter  body  is  filled,  the 
pressure  rises,  causing  the 
liquid  portion  to  pass  through 
the  filter  cloth,  whUe  the  solid 
matter  is  deposited  on  the  leaf 
in  a  compact  form.  When  the 
filter  is  full,  the  bottom  half 
tX  the  body  is  lowered,  and 
then,  by  reversing  the  pressure, 

ihs  cake  is  easily  and  very  *^o.  17. 

quickly  detached. 

Open  Tank  mter.  This  style  of  filter  consists  of  a  series  or  "  basket " 
of  filter  cells  attached  to  a  common  header,  a  movable  hoisting  device, 
and  ti  series  of  two  or  more  tanks.  In  operation  the  basket  of  cells  is 
lowered  into  the  first,  or  loading  tank,  where  the  liquid  to  be  filtered  is 
kept  at  a  constant  level  and  thoroughly  mixed  by  praper  agitation.  Suc- 
tion being  applied,  the  clear  filtrate  is  drawn  through  the  filtering  medium, 
leaving  the  sohds  deposited  on  the  surface  of  the  cells  in  the  form  of  a 
cake.  The  ba^et  carrying  the  adhering  cake  is  now  submerged  in  the 
washing  tank,  where  sufficient  wash  water  is  drawn  through  to  displace 
the  filtrate  occluded  in  the  cake. 

The  basket  is  then  lifted  out  of  the  washing-tank  and  held  sus- 
pended long  enough  to  permit  the  vacuum  to  draw  out  the  excess 
wad)  water  held  by  the  cake.  When  ready  to  discharge,  the  basket  is 
conveyed  to  the  point  of  discharge  and  the  cake  blown  off.  The  bae- 
ket  is  now  ready  to  re-enter  the  cycle  of  operation  by  returning  to  the 
loading  tank.  The  size  of  tanks  and  their  arrangement  are  made 
according  to  requirements.  The  size  and  style  of  filter  cell  will  de> 
pend  upon  the'  capacity  required  and  the  character  of  the  material  to  be 
filtered. 

Rotaiy  Filter.  This  form  of  filter  (Figs.  19  and  20)  consists  of  an 
open  container  in  which  is  suspended  a  drum  with  periiAery  composed 
(rf  a  number  of  shallow  compartments  covered  by  a  filtering  medium. 
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Each  compartment,  by  meanB  of  individual  pipe  lines,  is  connected  to  a 
perforated  trunnion,  which  turns  against  a  stationary  valve  cap,  attached 


to  suction  and  blow  lines.  The  arrangement  b  such  that  suction  and  air 
pressure  may  be  applied  at  different  points  to  each  of  the  compartments 
during  every  revolution  of 
the  drum.  In  operation  the 
liquid  is  kept  at  a  constant 
level  in  the  container  and 
thoroughly  mixed  by  proper 
agitation.  As  the  drum 
rotates  slowly,  suction  is 
applied  to  the  several  com- 
partments while  they  pass 
through  the  hquid  to  be 
filtered;  the  clear  filtrate  is 
drawn  through  the  filtering 
medium,  leaving  deposited 
on  the  surface  of  the  drum 
the  solids  in  the  form  of  a 
cake.  As  the  compartments 
Fio.  18.  emerge  from  the  container 

(suction  bemg  continued), 
the  cake  is  subjected  to  a  wash  applied  by  means  of  a  sprinkler  equipment. 
Just  before  the  compartments  re-enter  the  container,  suction  is  auto- 
matically cut  off  and  air  under  pressure  applied,  causing  the  cake  to 
discharge  over  an  apron  or  "doctor  "  in  the  form  of  a  continuous  ribbon. 
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Where  exceptional  dryness  of  the  cake  is  desired  pressure  jacks  are  set 
juBt  above  the  point  of  dischai^. 

Although  this  machine 
may  be  manufactured  in 
various  sizee,  the  standard 
unit  has  a  drum  6  feet  in 
diameter,  usually  with  a 
&-foot  face,  a  siae  conceded 
to  be  the  most  convenient 
for  industrial  filtration.  The 
principal  advantages  of  this 
type  of  filter  are: 

Firs(— Continuous  auto- 
matic operation. 

Second — Elimination  of 
manual  labor. 

Third  —  Cake  formed, 
washed,     and     discharged 

during  every  revolution  of  Fio.  20. 

the  drum. 

Centrifugal   Machine.    This  apphance  separates  liquids  from  solids. 
It  is  especially  adapted  to  the  drying  of  crj-stals  in  that  it  throws  off  the 


adhering  mother  liquor  by  centrifugal  force.  It  ia  also  employed  for 
drying  yams,  textiles,  wood  pulp,  sugar,  starch,  etc.  The  centrifuge, 
therefore,  is  used  more  as  a  means  of  drying  than  of  filtration.  It  con- 
msts  of  a  cylindrical,  perforated  baslcet  fixed  to  a  vertical  shaft,  which 
rotates  at  a  very  high  ^peed  (900  to  1200  revolutions  per  minute),  Fig.  21. 
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By  means  of  the  centrifugal  force  generated  the  contents  of  the  basket  are 
driven  to  the  outer  wall,  where  the  eoUd  material  la  detained  and  the 
liquid  thrown  off.  In  working  with  the  machine  great  care  must  be 
exerdsed  lest  grsve  accidents  occur.  It  is  also  necessary  to  see  that 
the  machine  is  carefully  constructed.  In  sCHne  operations,  such  as  for 
laundry  purposes,  or  where  there  is  an  escape  of  fumes,  it  is  very  desirable 
to  have  an  unobstructed  top.    See  Fig.  22. 


Fia.  22. 

Drying.  Before  subjecting  material  to  the  drying  process  proper,  it 
may  be  advantageous  to  remove  as  much  of  the  adhering  hquid  as  possible 
by  draining,  filtering,  or  centrifuging.  The  water  that  still  adheres  is 
then  removed  by  evaporation  in  contact  with  the  air  at  as  high  a  tempera- 
ture as  is  compatible  with  the  substance  and  with  economical  practice. 
Whenever  waste  heat  is  available  it  should  be  used. 

That  the  drying  may  be  uniform,  the  substance  to  be  dried  is  stirred, 
usually  by  mechanical  appliances.  The  simplest  arrangement  would 
consist  of  a  platform  of  metal  or  stoneware,  heated  by  flue  gases,  and  upon 
which  the  material  would  be  spread  and  stirred  irom  time  to  time;  this 
is  not,  however,  an  economical  process.  A  less  wasteful  method  is  by  means 
of  drying  chambers  built  of  brick,  wood,  or  metal.  The  chamber  may  be 
heated  from  the  inside,  or  the  air  passing  through  it  may  be  heated.  An 
exhaust  or  fan  aids  in  the  removal  of  the  moist  air. 

Where  temperatures  of  100"  C.  or  less  are  desired,  the  air  may  be  heated 
by  passing  it  over  steam-heated  coils,  or  the  plate  on  which  the  material  is 
placed  may  have  a  steam-beated  jacket.  Since  the  point  where  the  heat 
enters  the  apparatus  is  the  point  of  greatest  heat,  it  is  customary  to  convey 
the  material  from  the  further  and  cold  end  of  the  apparatus  toward  the 
hottest  portion.    For  this  purpose  the  shaft  furnace  can  be  used,  provided 
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tlie  material  is  bard  enough  and  there  is  no  need  of  regulating  the  tempera- 
ture very  carefully.  A  lai^  number  of  more  or  less  efficient  forms  of 
dryers  are  manufactured,  among  them  vacuum  dryers,  which  dry  with 
considerable  saving  of  labor,  fuel,  and  time.  Vacuum  dryers  may  be 
divided  into  shelf  dryers,  for  material  that  does  not  need  to  be  stirred  while 
drying;  rotary  dryers,  for  material  which  must  be  continuously  stirred; 
and  drum  dryers  for  substances  like  glue,  which  readily  acquires  a  dry 
film  on  tlie  surface. 

Vacuum  Shelf  Diyer.    The  vacuum  shelf  dryer.  Fig.  23,  is  adapted  to 
the  drying  of  any  material  that  can  be  handled  in  pans  or  trays,  such  aa 
sheet  and  reclaimed  rubber  of 
all  kinds,  rubber  compounds,  I 
paints,  dyes,  extracts,  pastes, 
glue,  soap,  salts,  albumens  of 
all  descriptions,  starch,  glutin, 
rosin,  v^etables,  fruits,  sugars, 
small     electrical      apparatus, 
plates,  chemicals,  various  by- 
products and  hquid  substances. 

This  dryer  consists  of  a 
rectangular  chamber  contain- 
ing hollow  steam  or  hot-water- 
heated  shelves,  placed  one 
above  the  other.    The  material 

to  be  dried  is  loaded  in  pans  or  Fvi.  23. 

trays  which  are  placed  on  the 

shelves.  The  apparatus  is  then  closed,  the  vacuum  produced,  and  the 
drying  commenced.  If  desired,  the  volatile  matter  or  solvents  removed 
frMn  the  material  may  be  reclaimed.  This  type  of  dryer  is  used  very 
extensively  in  many  industries  and  is  adapted  to  the  drying  of  a  laige  class 
of  materials. 

With  the  apparatus  is  furnished  a  vacuum  pump  and  condenser,  to 
produce  and  maintain  a  high  vacuum  during  the  drying  operation.  If  the 
drying  is  to  be  done  at  an  extremely  low  temperature,  hot  water  is  used  as 
a  heating  medium,  and  the  apparatus  is  supplied  with  a  hot-water  cir- 
culating system. 

Vacuum  Rotoiy  Diyer.  This  dryer.  Fig.  24,  is  used  for  drying  semi- 
liquids  and  materials  in  granular  form,  such  as  reclaimed  rubber,  rubber 
compounds,  chemicals,  by-products,  starch,  cereals,  fertilizer,  dextrine,  or 
any  material  that  permits  tumbling  or  mixing  while  being  dried. 

The  dryer  consists  of  a  hollow,  steam-jacketed  cyUnder  fitted  with 
heads  at  each  end.  In  the  center  of  the  cylinder  is  a  revolving  heating 
tube  carrying  arms  and  paddles  which  effect  a  tumbling  over  or  mixing  of 
the  material  bong  dried.  The  dryer  can  be  operated  in  connection  with 
a  barometric  or  surface  condenser,  depending  on  the  amount  of  moisture 
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or  Bolvents  being  drawn  from  the  material  treated  and  also  on  whether 
Or  not  it  is  desired  to  reclaim  them. 

In  operation,  steam  is  supphed  to  the  jacket  of  the  casing  and  to  the 
inner  revolving  tube.  The  space  between  the  revolving  tube  and  ibe 
jacketed  shell,  after  being  loaded  with  the  material  to  be  dried,  is  evacu- 
ated. This  vacuum  causes  a  rapid  evaporation  of  the  moisture  and  other 
solvents  contained  in  the  material.  The  vapors  pass  to  the  condenser 
where  they  are  condensed  and  either  thrown  away  or  reclaimed  as  desired. 

For  drying  most  materials  the  outer  casing  consists  of  the  construction 
above  described,  l3ut  for  mat«rials  which  tend  to  adhere  to  the  shell,  the 
outer  casing  is  made  of  cast  gun-iron,  cast  with  a  jacket  between  two  shells. 
This  construction  permits  the  inaide  to  be  machined  the  full  length  and 


Fio.  24. 

in  such  a  way  that  the  paddles  or  scrapers  can  be  set  close  to  the  shell 
to  prevent  material  adhering  to  it  while  drying. 

For  loading,  the  dryer  contains  one  or  more  lai^e  openings  at  the  top, 
which  are  fitted  with  cast-iron  covers.  When  necessary,  these  covers  are 
also  supphed  with  an  observation  glass.  The  unloading  apertures,  one  or 
more  in  number,  are  placed  at  the  bottom  of  the  shell  and  consist  of  doors, 
properly  hinged  and  counterbalanced.  The  doors  are  flush  with  the  inner 
shell  of  the  dryer  so  that  no  material  can  lodge  in  the  unloading  apertures 
when  the  doors  are  closed.  Moat  dryers  will  unload  the  charge  in  a  few 
minut€s,  but  for  ease  in  loading  and  unloading,  it  is  desirable  to  so  place 
the  apparatus  that  it  can  be  chained  from  and  discharged  into  hoppers 
that  can  be  connected  with  conveying  devices. 

Vacuum  Drum  Dryer.  This  ideal  apparatus  (Fig.  25)  for  converting 
liquids  into  a  dry  powdered  or  flake  form  is  used  for  drying  solutions, 
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emulsions,  and  pulpe,  such  as  dyewood  extract,  quebracho,  white  lead,  glues, 
milk,  acids,  chemicab,  and  other  Lquids  containing  solids.  It  consists  of 
a  hollow  drum  revolving  in  a  sealed  casing  provided  with  devices  for  ap- 
plying to,  and  removing  from,  the  drum  the  material  being  treated,  and 
for  delivering  the  dry  proauct  to  suitable  receivers.  The  bottom  of  the 
chamber  acts  as  a  reservoir  for  the  Uquid.  Agitators  for  mixing  and  coils 
for  regulating  the  temperature  of  the  material  are  provided  when  neces- 
sary. Steam  or  hot  water  is  supplied  to  the  interior  of  the  drum,  A 
high  vacuiam  is  maintained  in  the  casing  by  means  of  a  dry  vacuum 


FiQ.  25. 

pump  and  the  material  is  therefore  dried  at  a  low  temperature.  Moisture 
is  removed  by  evaporation.  A  condenser  is  provided  for  condensing  the 
vapors  from  the  casing,  and  recovering  them  if  desired. 

The  bottom  portion  of  the  dryer  serves  as  a  reservoir  for  holding  a  large 
quantity  of  the  liquid  material.  There  is  ample  space  between  the  top 
surface  of  the  liquid  and  the  bottom  of  the  drum  to  prevent  foaming  mate- 
rial reaching  the  drum.  Agitators  are  provided  for  material  requiring 
constant  stirring.  Coils  are  placed  in  the  reservoir  for  heating  or  cooling 
the  liquid  when  temperature  regulation  is  desirable.  The  drum  journals 
are  supported  in  bronze  bearings  and  are  equipped  with  suitable  stuffing 
boxes,  steam  and  drain  connections.  Observation  glasses  are  provided 
for  noting  the  interior  operation  of  the  dryer.  Ample  space  between  the 
drum  and  the  casing  is  afforded  in  the  lai^r  dryers  to  permit  all  interior 
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parts  being  thoroughly  cleaned  with  a  m;rubbing  brush  and  cleansing 
material. 

For  products  which  are  removed  from  the  drum  in  powdered  or  gran- 
ular fCHin,  two  receivers  are  usually  provided  to  enable  the  dryer  to  be 
operated  continuously,  a  conveyor  being  uatd  to  deliver  materials  to 
one  recover  while  the  other  receiver  is  being  emptied.  For  fial^  mate- 
rials which  carmot  be  readily  conveyed  a  single  large  receiver  is  used  and 
the  drying  operaticHi  suspended,  while  the  dry  product  is  being  unloaded, 
and  the  vacuum  again  created  in  the  emptied  receiver. 

While  the  vacuum  drum  dryer  has,  in  theory,  been  considered  the  ideal 
apparatus  for  drying  liquids,  satisfactory  commercial  results  were  not 
attained  until  devices  and  methods  for  applying  the  liquid  to  the  drum 
were  perfected.  Where  the  drum  dips  into  the  main  body  of  the  Uquid, 
constant  level  cannot  be  maintained  on  many  materials,  due  to  the  agita- 
tion and  foaming  of  the  liquid.  This  constant  change  in  level  makes  a 
corresponding  change  in  the  amount  of  drum  surface  dipping  in  the  liquid, 
which  varies  the  moisture  content  in  the  finished  product,  interrupts  the 
continuous  operation  of  the  dryer,  reduces  the  output,  and  increases  the 
cost  of  operation. 

Lixiviation.  The  process  of  lixiviation  separates  water-soluble  material 
from  insoluble  or  less  soluble  material.  The  substance  to  be  treated  with 
water  may  be  suspended  in  bags  or  baskets,  or  placed  in  tanks  provided 
with  perforated  false  bottoms.  The  solution,  being  denser  than  water, 
sinks  to  the  bottom  and  may  be  removed.  -  The  material  is  usually  sub- 
mitted to  a  systematic  treatment  with  water  in  such  a  manner  that  the 
pure  water  first  comes  in  contact  with  the  nearly  exhausted  sulistance,  and 
then  with  the  less  exhausted  in  another  tank,  and  so  on  until  it  reaches  the 
last  tank  containing  the  fresh  material.  Such  a  series  of  tanks  is  known 
aa  a  battery.  The  term  extraction  is  generally  used  when  solvents  other 
than  water  are  employed.  It  is  possible  to  extract  several  substances 
from  the  original  raw  material  by  the  successive  use  of  several  solvents 
such  as  water,  alcohol,  ether,  and  naphtha. 

CiystaUization.  Crystals  are  geometric  solids  which  form  when  a 
compound  separates  from  its  concentrated  solution.  The  solubihty  of 
most  substances  increases  as  the  temperature  of  the  solvent,  usually  water, 
is  raised.  A  limit  may  be  reached,  however,  for  every  temperature  when 
no  more  will  dissolve,  and  the  solution  is  said  to  be  saturated.  If  the 
temperature  be  now  decreased,  crystals  of  the  substance  wilt  separate, 
and  these  crystals,  though  formed  in  an  impure  mother  liquor,  may  be  quite 
pure.  By  evaporation  or  concentration  of  the  mother  hquor  more  crystals 
will  result,  which,  however,  will  be  less  pure  than  the  first,  crop.  Thus, 
this  operation  may  be  continued  until  the  impurities  accumulating  in  the 
liquor  become  so  great  that  the  crystals  will  enclose  a  large  amount  of 
foreign  matter.  This  difficulty  can  be  prevented  to  a  certain  extent  by 
stirring  the  solution  while  crystallization  takes  place  and  thereby  causing 
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the  separation  of  very  small  crystals,  or  crystal  meal,  which  can  then  be 
washed  so  as  to  remove  the  adherent  impurities.  Fig.  26  shows  a  crystal- 
lizing pan  used  extensively  in  the 
manufacture  of  T.  N.  T.  and  for 
concentrating  and  crystallisring 
various  products  under  atmos- 
pheric conditions. 

A  special  feature  of  the  crys- 
talliser  is  the  fact  that  the  jacket 
is  cast  integral  with  the  pan,  as 
will  be  seen  from  the  illustra- 
tion. This  eliminates  all  joints, 
bolts,  and  packing.  The  ad- 
vantage of  this  construction  is 
obvious. 

Ute  crystallizer  is  used  exten-  Via.  26. 

sively  in  this  country  for  evapor- 
ating the  neutrahzed  liquor  of  ammonia  and  nitric  acid  and  drying  and 
crystallizing  the  finished  product.  After  the  ammonium  nitrate  comes 
from  this  apparatus  it  is  thoroughly  dry.  Steam  is  used  in  the  jacket  for 
concentration  and  cold  water  for  crystallieation.  The  device  may  also  be 
used  as  an  atmospheric  dryer. 

Fractional  Crystallization.  Crystals  may  be  further  purified  by  sev- 
eral successive  recrystallizations.  This  method  is  for  the  separation  of 
substances  mixed  in  a  solution;  i&omorphous  substances  or  those  crys- 
talUflng  in  the  same  system  cannot,  however,  be  separated  in  this  manner. 
In  such  a  case  reaction  upon  the  solution  must  so  change  the  chemical 
composition  of  one  of  the  substances  that  separation  by  crystallizatioD 
becomes  possible.  An  instance  of  this  is  the  preparation  of  piu'e  copper 
sulphate  tixxn  a  mixed  solution  of  copper  and  ferrous  sulphates.  When 
blue  vitriol  is  made  from  copper  pyrites  it  is  usually  accompanied  by 
more  or  lees  green  vitriol.  From  this  mixed  solution  only  crystals  of  copper 
sul^diate  mixed  with  iron  sulphate  can  be  obtained,  these  salts  l^ng 
isomorphous.  By  oxidizii^  the  ferrous  to  the  ferric  sulphate  this  may  be 
avoided  and  pure  copper  sulphate  prepared. 

Caldnatioa.  In  the  process  of  calcination  substances  are  submitted  to 
the  action  of  high  heat,  but  not,  however,  to  the  point  of  fusion.  Material 
may  be  calcined  to  drive  off  moisture,  to  drive  off  some  volatile  constit- 
uent, or  cause  a  chonical  action  such  as  oxidation  or  reduction.  The 
terms  roasHng,  firing,  glowing,  or  burning  are  sometimes  used  in  place  of 
calcination.  The  process  is  usually  carried  on  in  furnaces,  of  which  there 
are  three  c(Hmnon  types,  reoerberatory,  muffle,  and  kiln. 

ReveibeTRtoiy  Furnace.    In  the  reverberatory  or  open  roaster  ibe 
material  to  be  heated  is  exposed  to  the  direct  action  of  the  fire  gases.    It 
B  essentially  of  an  arched  chamber  built  of  brick  and  heated  from 
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a  grate  placed  at  one  eod,  while  the  products  of  combustion  and  reaction 
are  removed  by  a  chimney  at  the  other  end.  The  material  is  placed  upon 
the  bed  of  the  furnace,  the  firfe  gases  pass  over  it  and  are  deflected  by  the 
arched  form  of  the  roof  of  the  furnace  eo  as  to  come  more  directly  in  con- 
tact with  the  charge.  The  inside  of  such  furnaces  is  lined  with  firebricks, 
while  the  outride  is  built  of  common  bricks. 

If  an  oxidizing  reaction  is  desired,  that  is,  if  the  fire  gases  are  to  contain 
an  excess  of  oxygen,  such  conditions  may  be  produced  by  setting  the  fire 
bars  widely  apart  and  feeding  the  fuel  in  thin  layers  at  a  time.  Should 
a  reducing  action  be  desired  the  fire  bars  must  be  placed  closer  t4^tber 
and  the  fuel  charged  in  thick  layers. 

Muffle  Ftunace.  The  muffle  furnace,  closed  or  blind  roaster,  is  built 
in  such  a  manner  that  the  fire  gases  do  not  come  in  contact  with  the  sub- 
stances to  be  calcined.  It  generally  consists  of  a  muffle  of  firebrick  with 
the  flues  so  arranged  that  the  hot  gases  pass  underneath  the  bed  of  the 
muffle  and  are  then  conducted  over  the  top  back  to  some  point  near  the 
grate,  where  they  are  discharged  into  the  chimney.  A  pipe  is  sometimes 
fitted  to  the  top  of  the  muffle,  in  order  to  discharge  any  gases  which  may 
be  formed  during  calcination. 

Revotving  Furnace.    It  is  frequently  necessary  to  stir  the  material 
during  calcination.     If  done   by   hand,  this  would  entail  much  heavy 
labor.    Mechanical  means  therefore  have  been  devised,  the  most  important 
of  which  is  the  revolver  or  revolving  furnace.     It  consists  of  a  drum  or 
cylinder  <A  iron  or  steel,  Fig.  27,  lined  with  refractoiy  material  and  open 
at    both   ends.     The  drum, 
which   may   or   may  not   be 
inclined,  revolves  slowly  about 
its  longitudinal  axis,  while  the 
highly  heated  gases  from  the 
grate  situated  at  one  end  pass 
throi^b    it.      The    hot  gases 
leaving  any  of  these  furnaces 
may  be  economically  used  for 
drying  or  evaporating. 
Fio.  27.  Kilns.    Kilns  or  shaft  fur- 

naces may  be  periodic  or  con- 
tinuous, and  are  very  largely  used  in  the  burning  or  calcination  of  lime- 
stone. In  periodic  kilns  the  calcined  charge  is  allowed  to  cool,  then  with- 
drawn, and  the  kiln  recharged  with  fresh  material.  In  the  continuous 
form,  the  calcined  material  is  drawn  from  the  bottom  at  the  same 
time  that  a  fresh  charge  enters  the  top,  the  operation  being  a  continuous 
one. 

BnqioratioD.  By  evaporation  is  understood  the  convereioa  ctf  a 
liquid  into  a  vapor  for  the  purpose  of  recovering  any  sdid  matter  which 
may  be  dissolved  in  it.    In  most  instances  the  Uquid  to  be  evaporated 
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is  water,  as  other  liquida  would  be  recovered^  and  the  process  would  be 
termed  disHUaiion. 

Spontaneous  Evf^wnttion.  This  method  is  usually  conducted  in  the 
open  air  by  exposing  the  liquid  in  large  shallow  pans.  The  time  required 
depends  entirely  upon  atmoepheric  conditions,  the  best  results  being  ob- 
tained on  a  windy  day  in  hot,  dry  weather. 

Eraporation  by  Direct  Heat  By  this  method  the  flames  or  hot  gases 
may  play  directly  on  the  bottom  of  the  containing  vessel,  or  they  may  be 
made  to  pass  over  the  surface  of  the  liquid.  In  the  former  case  the  usual 
method  is  to  employ  large  shallow  pans  so  arranged  as  to  be  heated 
by  the  waste  gases  from  otJier  operations.  In  the  latter  mode  of 
evaporation,  the  flue  dust  and  a^es  are  very  apt  to  fall  into  the  pan,  thus 
causing  the  product  to  become  impure.  This  method  is  used,  however, 
to  some  extent  where  the  purity  of  the  product  is  not  essential. 

Erapoiatiai  1^  Indirect  Heat  Steam  is  very  largely  used  for  the 
reason  that  it  is  convenient  to  handle,  and  there  is  no  danger  of  injury 
to  the  product  by  overheating.  The  simplest  way  is  to  circulate  the 
steam  through  coils  of  pipe  arranged  inside  the  vessel.  This  method  is 
especially  adapted  to  the  heating  of  liquids  contained  in  wooden  tanks. 
The  temperature  to  which  the  liquid  may  be  raised  depends  wholly  upon 
the  steam  pressure,  the  latter  being  r^ulated  to  suit  the  conditions 
required. 

Steam-jacketed  Kettles.  The  most  convenient  method  of  applyii^ 
steam  is  by  means  of  the  steam-jacketed  kettle.  Fig.  28.  In  conducting 
an  evaporation  the  drain-pipe  valve  is 
opened  to  permit  the  escape  of  the  flnt 
condensations,  and  to  prevent  bumping. 
The  exhaust  valve  is  then  opened,  the 
inlet  valve  given  a  half  turn,  and  then 
slowly  opened  until  a  good  supply  of  dry 
stefun  issues  ttom  the  drip.  The  drip  is 
finally  closed  and  the  inlet  of  steam  so 
regulated  as  to  secure  the  proper  heat  for 
evaporation.  The  kettles  in  common  use 
are  constructed  of  copper  or  cast-iron, 
the  jacket  usually  covering  one-half  of- 

the  kettle.  For  purposes  where  copper  or  iron  would  not  resist  the  action 
of  acids  or  other  chemicals  it  is  customary  to  use  a  kettle  lined  with  an 
enamel  of  easily  fumble  glass.  Whenever  it  is  necessary  to  stir  the  liquid 
being  evaporated,  the  kettle  is  generally  equipped  with  an  agitator  provided 
with  paddles  of  various  shapes. 

Evaporatioa  imder  Reduced  Pressure.  There  are  many  f<mu8  of 
apparatus  for  evaporation  under  reduced  pressure,  yet  they  aU  depend 
upon  the  same  principle. 

Vacunm  Pan.    The  necessary  equipment  for  this  installation  is  a 
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vacuum  pan,  condenser,  receiver,  and  pump.  The  vacuum  or  strike  pan. 
Fig.  29,  is  a  cylindrical  vessel,  A,  usually  of  cast  iron,  having  a  dome- 
shaped  top  with  vapor  pipe,  B, 
and  a  conical  bottom  provided 
with  a  strike  or  discharge 
valve,  C.  The  pan  ifl  equipped 
with  lurge  heating  coils  of  cop- 
per, and  steam  and  vacuum 
gauges,  also  sight  glasses,  D, 
for  watching  the  progress  of 
the  work,  and  proofstick  for 
drawing  test  samples.  The 
steam  enters  a  manifold,  E, 
from  which  it  is  distributed  to 
the  coils;  each  of  the  latter 
has  a  stop  valve  for  steam,  and 
drainage  connections  for  con- 
densation water.  The  vapors 
from  the  boihng  solution  pass 
through  a  8ave-all,f, connected 
at  the  bottom  with  the  pan, 
where  they  expand  and  meet 
baffle  plates,  so  that  material 
entrained  with  the  vapor  may 
'  be  returned  to  the  apparatus. 
The  vapors  from  the  evaporating  hquor  pass  into  a  condenser,  G,  in  which 
they  meet  a  shower  of  water.  The  incondensable  gases  are  led  ofF  through 
a  pipe,  K,  from  the  lower  part  of  the  condenser  to  a  vacuum  pump.  The 
condensing  water  and  water  of  condensation  are  carried  off  through  the 
"  leg  pipe  "  or  torriceltian  tube,  H.  The  foot  of  the  leg  pipe  is  sealed 
with  water  in  the  hot  well,  J.  On  the  dry  system  a  receiver  is  used  to  which 
is  attached  ?,  vacuum  pump.  In  many  cases,  however,  it  is  not  necessary 
to  collect  the  liquid  which  passes  off,  so'  that,  on  the  wet  system,  it  is  pos- 
sible to  dispense  with  the  condenser.  A  wetrsystem  pump  is  so  con- 
structed as  to  take  care  of  all  condensations  without  tlie  aid  of  this 
extra  condenser. 

Another  form  of  sinj^e-effect  evaporator  is  illustrated  in  Fig.  30,  which 
shows  a  Zar^nba  single-effect  pan. 

Multiple-effect  System.  The  most  efficient  method  of  evaporation 
is  by  means  of  the  multiple-effect  system.  The  apparatus  usually 
con^sts  of  three  or  fotu-  vacuum  pans,  so  arranged  that  the  steam 
from  the  first  pan  passes  through  the  coils  or  jacket  of  the  next  in  line, 
and  the  steam  generated  in  the  second  serves  to  heat  the  liquid  in  the 
third.  The  vacuum  maintained  in  each  of*  the  pans  increases  as  it  ap- 
proaches the  pump  for  the  reason  that  the  condensations  play  quite  an 
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important  part  in  producing  reduced  pressure.  Thus  it  is  that  the  pan 
having  the  highest  temperature  has  the  least  vacuum,  and  that  having 
the  greatest  vacuum  has  the  least  temperature.  As  a  rule  only  three  pans 
are  employed,  being  known  as  triple-effect,  although  sometimes  four 
are  used  and  are  known  as  quadruple-effect.  Inasmuch  as  the  boiling- 
point  of  the  liquid  varies  with  the  pressure  to  which  it  is  subjected,  it 
follows  that  by  proper  adjustment  of  the  pressure  we  can  secure  a  corre- 
sponding adjustment  of  the  boiling-point,  placing  it  at  will  anywhere 
between  certain  practical  limits.  The  lower  limit  is  fixed  by  the  cost  of 
securing  a  good  vacuum,  and  runs  ordinarily  about  125°  F.;  the  upper 
limit  is  fixed  by  the  temperature  of  the  steam  used,  which  for  exhaust 
steam  runs  about  225°. 

Zaremba  Evaporator.    Fig.  31  illustrates  this  type  of  evaporator  and 
shows  the  apparatus  set  up  and  ready  for  work.    Fig.  32  shows  a  layout 


Fig.  32. 

of  the  same  form  in  triple-effect;  while  Ilg.  33  shows  a  crosa-section  of  one 
effect.  In  operating  this  form  of  evaporator  the  liquid  passes  into  the 
first  effect,  where  it  becomes  heated  from  the  direct  steam  of  the  boiler. 
The  steam  thus  generated  passes  to  the  coils  of  the  second  effect  and  thus 
becomes  the  heating  medium.  The  steam  from  the  second  heats  the  coils 
of  the  third  effect,  which  is  in  direct  connection  with  the  vacuum  pump. 
The  reduced  pressure  in  the  first  and  second  effects  is  due  to  condensa- 
tion. The  liquid  being  evaporated  is  pumped  from  one  effect  to  the 
next  by  means  of  a  centrifugal  pump. 

To  get  a  clearer  understanding  of  the  operation,  suppose  we  had  three 
ain^e-effect  evaporators.  A,  B,  and  C,  of  the  same  size,  each  with  an  iode- 
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pendent  surface  condenBer  and  air  pump.  A  takes  exhaust  steam  at  a 
temperature  of  225°  and  delivers  its  vapor  to  condenser  A  at  195°.  B 
takes  steam  at  195°  and  delivers  its  vapor  to  condenser  B  at  165°.  C 
takes  steam  at  165°  and  delivers  vapor  to  condenser  C  at  125°.  In  this 
case,  excluding  radiation  and  other  losses,  we  would  require  for  each  pound 
of  evaporation  one  pound  of  steam  to  produce  the  vapor,  and  about  25 
pounds  of  cool  water  to  condense  it.  But  why  not  aimphfy  our  appa- 
ratus by  rearrangement  as  follows:  Eliminate  condenser  A  and  sub&titute 
for  it  the  heating  surface  of  single-effect  B,  that  is,  let  the  vapor  from  single- 
effect  A  take  the  place  of  the  195°  steam  previously  fed  into  single-effect  B. 
In  like  manner  let  the  vapor  from  single-effect  B  be  condensed  in  the  tubes 
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of  single-effect  C,  while  the  vapor  from  the  latter  is  condensed  in  con- 
denser C  as  before.  With  this  method  of  operation  the  temperature 
difference  in  each  effect  is  the  same  as  before,  so  also  is  the  amount  of  work 
done,  but  we  are  feeding  steam  into  effect  A  only,  and  injecting  cold  water 
into  condenser  C  only,  and  are  using  but  one-third  as  much  of  each  as  in 
the  first  case.  Furthermore,  we  have  discarded  condensers  A  and  B, 
t(%ether  with  their  respective  vacuum  pumps.  With  this  arrangement 
we  are  working  under  the  multiple-effect  system,  that  is,  we  have  con- 
verted our  three  single-effects  into  one  triple-effect,  thereby  increasing  our 
evaporation  to  3  pounds  of  water  per  pound  of  steam  used,  and  decreasing 
our  water  consumption  from  26  pounds  to  about  9  pounds  per  pound  of 
evaporation,  the  amount  of  evaporation  produced  being  practically  the 
same  in  both  cases.  The  theoretical  steam  economy  of  the  multiple-effect, 
as  stated  above,  is  modified  by  a  number  of  conditions,  chief  among  which 
is  the  initial  temperature  of  the  liquor  fed  and  the  disposition  made  of  the 
heat  contained  in  the  condensation  from  the  various  bodies.     Ordinarily 
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the  number  ol  effects  used  does  not  exceed  four,  but  for  Bpecial  purposes 
as  many  as  seven  or  eight  effects  can  be  used  advantageously;  It  all 
depends  on  the  circiunstances. 

The  pumps  necessary  for  operating  the  multiple-effect  consist  of  a 
vacuum  pump  for  removing  the  air  and  other  non-condensable  gases  from 
the  condenser,  a  tail  pump  to  withdraw  the  finished  liquor  from  the  evap- 
orator, and  condensation  pumps  to  draw  away  the  condensation  from 
the  steam  chests  operating  at  less  than  atmospheric  pressure.  Inasmuch 
as  the  steam  exhausted  by  these  pumps  is  used  in  the  evaporator,  their 
operation  costs  practically  nothing.  Under  such  circumstances,  to  use 
motor-driven  pumps  means  a  loss  in  economy. 

All  forms  of  vacuum  apparatus  call  for  the  use  of  a  condenser  in  which 
the  vapor  coming  from  the  last  pan  is  condensed  by  contact  with  cold 
injection  water.  In  the  wet  system  the  air  and  gases  present  are  entrapped 
in  this  wann  mixture  of  condensed  vapor  and  injection,  the  entire  mass 
being  withdrawn  from  the  system  by  a  wet  vacuum  pump  and  discharged. 
In  the  dry  system  of  condensation,  the  condenser  is  made  much  lai^er 
and  is  mounted  sufficiently  high  to  allow  the  water  discharged  to  flow  into 
the  hot  well  by  its  own  weight  against  the  pressure  of  the  atmosphere. 
In  this  case  air  and  non-<}ondensable  gases  only  are  handled  by  the  vacuum 
pump.  In  the  surface  condenser,  which  is  practically  a  reversed  evapo- 
rator, the  vapor  is  confined  to  one  chamber  and  the  cooUng  water  to 
another,  being  separated  from  each  other  by  a  tubular  brass  cooling  sur- 
face. 

As  a  rule  the  amount  of  water  required  varies  from  25  to  30  pounds  per 
pound  of  v^MT  condensed.  One  of  the  great  advantages  of  the  wet 
system  lies  in  the  fact  that  such  a  condenser  can  generally  be  made  to  draw 
it6  own  supply  of  injection  water  from  a  neighboring  stream  or  tank.  The 
dry  system  requires  a  circulating  pump.  There  is  a  large  supply  of  warm 
water  at  about  110°  F.  coming  from  the  condenser,  which  can  frequently 
be  used  to  very  good  advantage.  The  first  pan  delivers  a  quantity  of 
distilled  water  at  212°,  equal  to  the  amount  of  steam  used;  this  is  prefer- 
ably returned  to  the  boiler.  Rom  the  condensation  pumps  another  supply 
of  warm  water  is  obtained  at  a  temperature  between  the  two  former. 
The  steam  pressures  ordinarily  carried  vary  from  5  pounds  down  to 
atmospheric  pressure;  the  vacuum  from  23  to  26  inches. 

Lillie  Evaporabff.  The  mode  of  operation  which  distinguishes  the 
"  Lillie  "  from  other  evaporators  is  that  the  results  obtained  are  due  to 
film  evaporation;  that  is  to  say,  the  liquid  flows  over  the  heated  tubes 
rather  than  through  them,  thus  exposing  a  very  large  surface  for  evapora- 
tion. In  the  older  forms  of  multiple-effect  apparatus  some  difficulty  was 
encountered  from  hquids  depositing  heavy  incrustations  upon  the  heating 
surfaces.  This  difficulty,  however,  has  been  overcome  in  the  new  mode). 
The  new  feature,  which  corrects  this  condition,  is  the  reversal  at  will  of 
the  direction  of  the  course  of  the  vapors  or  heat  through  the  multipla-  ^ 
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effect,  thereby  makiiig  coolest  what  before  the  reversal  was  the  hottest 

effect,  and  what  was  the  coolest,  the  hottest.    Fig.  34  shows  a  vertical 

longitudinal  section  through  the  body 

of  the  evaporator.    The  evaporating 

tubes  slightly  incUne  downward  to  the 

steam    end   and   open    through  the 

heavy  tube  plate  partition  in  which 

they  are   firmly  expanded    and   by 

which  they  are  supported.    The  other 

ends  of  the  tubes  are  closed  except 

for  a  small  air  vent  in  each.    They 

are  not  fastened  or  supported  in  any 

way,  and  the  tubes  are  quite  free  to 

expand  or  contract  independently  of  ^^^  ^ 

the  shell  of  the  effect. 

On  the  under  side  located  midway  between  the  ends  of  the  evaporator 
is  a  centrifugal  circulating  pump.  The  condensation  from  the  steam  in 
the  tubes  flows  back  into  the  steam  end,  and  thence  throi^  a  steam  trap 
into  the  end  of  the  next  cooler  body,  and  finally  to  the  atmosphere  from 
the  coolest  body,  in  the  case  of  the  multiple-effect.  The  solution  delivered 
by  the  centrifugal  pump  is  forced  on  to  a  perforated  distributing  plate, 
from  which  it  flows  over  the  tubes  in  a  deluging  shower.  The  circulation 
in  this  case  is  independent  of  ebullition,  and  there  being  no  depth  of  solu- 
tion  on  the  tubes,  the  vapors  have  a  free  passage  for  escape. 

Standard  Swenson  Horizontal  Tube  Evaporator.  As  will  be  observed 
in  Figs.  35  and  36,  the  Standard  Swenstm  is  a  rectangular  evaporator  with 
horizontal  tubes  located  near  the  bottom  of  each  effect.  It  is  made  up  in 
sections  of  heavy  ca8t>-iron  plates  with  machined  and  drilled  faces  or  flanges. 
The  assembled  castings  are  bolted  together  against  suitable  packing 
material  (usually  sheet  asbestos)  making  a  vacuum-tight  joint.  There 
is  a  steam  chest  at  each  end  cast  as  an  int^ral  part  of  the  vertical  tube 
sheets.  Each  tube  passes  well  through  both  tube  sheets  and  is  packed 
in  by  plates  and  rubber  gaskets.  This  scheme  of  packing  makes  possible 
the  use  of  any  material  or  gauge  of  tubing  the  requirements  demand,  and 
as  a  matter  of  ease  of  renewal  has  proved  a  source  of  great  satisfaction,  and 
has  extended  the  use  of  the  evaporator  enormously.  UnUke  other  attempts 
at  tube  packing  it  combines  vacuum  tightness  and  resistance  to  high  tem- 
peratiu«  with  the  utmost  ease  of  removal.  The  economy  both  as  r^arda 
steam  and  condensing  water  required  ia  directly  proportional  to  the  num- 
ber of  effects.  Over  90  per  cent  of  the  evaporators  in  operation  to-day  use 
nothing  but  exhaust  8t«am  as  a  source  of  heat  for  evaporation,  whereas 
live  steam  (in  much  greater  quantity)  would  be  necessary  with  open-pan 
boiling.  This  is  only  possible  because  of  the  reduced  pressure  or  vacuum 
that  is  maintained  in  each  evaporator  unit  or  effect. 

Each  effect  of  an  evaporator  is  really  a  condenser  in  which  the  material 
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being  concentrated  acts  aa  the  condensing  agent.  A  given  weight  of  steam, 
if  condensed,  will  evaporate  approximately  an  equal  weight  of  water  (prac- 
tically 95  per  cent  in  a  well-covered  equipment),  provided  the  pressure  in 
the  space  surrounding  the  material  being  concentrated  ie  lower  than  in 
the  steam  space.  This  is  the  basic  principle  of  all  evaporators,  and  in 
order  to  bring  about  the  multiple  use  of  the  latent  heat  that  is  given  up 
when  the  steam  or  vapor  is  condensed,  each  succeeding  effect  is  operated 
under  a  lower  absolute  pressure.  The  steam  that  is  condensed  in  the  first 
effect  produces  approxunat€ly  an  equal  amount  by  weight  of  vapor  from 
the  solution  being  concentrated,  and  this  vapor  goes  to  the  second  effect,  is 
condensed,  and  in  turn  produces  another  equal  quantity  of  vapor  alao 
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from  the  solution  bemg  concentrated,  which  goes  to  the  third  effect  and 
80  on  through  the  remaining  effects.  In  this  way  the  latent  and  some  of 
the  sensible  heat  is  used  as  many  times  as  there  are  effects.  For  example, 
1  pound  of  steam  used  in  the  banning  will  remove  in  practice  about  3} 
pounds  of  water  in  a  quadruple  effect. 

The  nimiber  of  effects  to  use  depends  entirely  on  conditions  as  regards 
quantity  of  exhaust  available,  boiling  properties  of  solution,  and  cost  of 
coal  as  compared  with  cost  of  equipment.  Some  materials  have  boiling 
properties  that  limit  the  equipment  to  a  double  or  triple  effect,  and  others 
can  be  handled  satisfactorily  in  sextuple  units.  As  a  rule,  a  quadruple 
effect  is  the  limit  of  economy  when  coal  cost,  interest,  depreciation,  etc., 
are  properly  considered. 

The  number  of  effects  in  use  usually  has  no  bearing  whatever  on  total 
capacity,  as  a  single  effect  of  a  given  size  will  in  most  cases  do  just  as  much 
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only  use  one-fourth  as  much  steam  and  condensing  water  to  accompli^  a 
given  evaporation.  The  reason  for  this  is  that  the  capacity  of  any  evap- 
orator is  directly  proportional  to  the  effective  temperature  difference 
between  the  steam  supplied  and  the  vapor  condensed  in  the  condenser, 
which  IB  always  needed  so  as  to  produce  a  high  vacuum  in  the  last  effect. 
The  temperature  range  in  a  single  effect  is  the  same  as  the  range  between 
the  steam  used  in  the  first  effect  of  a  quadruple  and  the  vapor  produced 
in  the  last  effect,  so  that  the  capacity  of  both  machines  is  the  same  disre- 
garding radiation  loses  and  excess  boiling  temperatures. 

Zaronba  Ciystalliziiig  Evaporator.    This  form  of  apparatus.  Fig.  37, 

is  especially  designed  for  the  concentration  of  crystaUizing  solutions,  and 

the     removal     of    the    precipitated    crystals 

without    interfering    with    the    process    of 

evaporation. 

The  weak  liquor  enters  the  first  eflfect 
(in  foreground)  at  top  of  cone  and  Sows 
to  the  base  of  the  steam-chest.  By  the 
action  of  the  vapor  generated  in  the  tubes 
and  the  pressure  exerted  by  the  Uquor  in 
the  downtake,  a  vigorous  movement  is  set 
up  within  the  tubes  (about  30  feet  per 
second),  inducing  rapid  heat  transmission 
and  effective  scouring  action  on  the  tube 
interiors.  Owing  to  the  large  area  of  the 
downtake,  the  return  flow  to  the  bottom  of  the 
steam-chest  is  very  slow  (about  3  feet  per 
second  or  less),  allowing  the  crystals  formed 
during  the  concentration  to  separate  from  the 
Pjq_  37_  Uquor   and   drop   gently  into  the  zone  of  un- 

agitated  Uquor  contained  in  the  cone.  The 
heavy  liquor  carrying  these  suspended  crystals  flows  out  throv^  the 
plug  cock  at  tip  of  cone  and  into  the  salt  filter. 

A  liquor  line  connects  the  bottom  outlet  of  the  filter  to  the  liquor 
inlet  of  the  second  effect,  which,  being  under  a  higher  vacuum,  draws  the 
Uquor  throu^  the  filter  and  into  itself  by  suction.  The  suspended  crystals 
are  left  behind  on  the  filter  screen,  where  they  are  allowed  to  accumulate 
until  the  salt  filter' is  filled  (determined  by  sight  glass).  The  connection 
between  evaporator  and  filter  is  now  shut  off  by  closing  the  plug  cock 
between,  and,  after  drawing  off  the  heavy  liquor,  the  contents  of  filter 
are  washed  with  weak  Uquor,  hot  water,  and  steam.  The  connection  to 
the  second  effect  is  then  closed,  the  discharge  door  of  the  filters  is  opened, 
and  the  thoroughly  washed  crystals  are  removed  in  an  approximately 
dry  condition. 

After  the  filter  has  been  emptied  its  door  is  closed  and  the  contained 
air  removed  by  replacing  it  with  steam.     The  condensation  of  this  steam 
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80OQ  produces  sufficient  vacuum  to  pull  the  mixture  of  liquor  and  salt 
collected  in  the  cone  down  into  the  filter  when  the  plug  cock  is  opened. 
The  liquor  level  in  the  evaporator  is  again  brought  to  standard  height 
and  the  filter  placed  in  circuit  by  opening  the  connection  to  the  next 
effect.  Where  the  amount  of  aalt  precipitated  is  comparatively  lai^, 
two  filters  are  attached  to  one  evaporator  body,  thus  making  it  possible 
always  to  have  one  filter  connected  to  the  evaporator,  inasmuch  as  the 
filters  are  used  alternately.  By  either  arrangement  the  salte  are  washed 
and  removed  without  interfering  with  the  work  of  the  evaporator  above. 
If  desired,  the  crystals  can  be  dissolved  within  the  filters  and  the  satumted 
solution  removed  by  pumping. 

These  evaporators  consist  of  two  parte:  (1)  The  evaporator  body, 
in  which  the  evaporation  occurs;  (2)  the  salt  filter  underneath,  by  means 
of  which  the  precipitated  crystals  fire  separated  from  the  concentrated 
liquor,  washed  clean,  and  removed  from  the  system. 

The  shell  of  the  evaporator  body  is  built  of  heavy  cast-iron  or  steel. 
Its  lower  portion,  below  the  heating  surface,  consists  of  a  cone  into  which 
the  salt  is  precipitated  and  fimneled  into  the  salt  filter  below.  Mounted 
within  the  shell  immediately  above  the  cone  is  the  cylindrical  steam- 
chest,  fitted  at  top  and  bottom  with  dished  heads  of  steel  into  which 
2-inch  charcoal  iron  tubes  are  expanded.  The  fastening  of  steam-chest 
in  shell  is  effected  by  means  of  a  special  design  giving  no  opportunity 
for  trouble.    Copper  construction  is  used  for  corrosive  liquids 

The  downtake  is  an  annular  opening,  widest  at  the  bottom,  extending 
entirely  around  the  steam-chest.  Circulation  of  liquor  is  upward  through 
the  tubes,  outward  toward  top  of  downtake,  downward  between  steam- 
chest  and  exterior  shell,  then  inward  to  lower  end  of  tubes.  This  action 
produces  a  ready  separation  of  the  salt  crystals  from  the  boiling  liquor, 
throwing  them  into  a  zone  of  quiet  in  the  conical  bottom  and  thence  into 
the  salt  filter. 

The  filter  consiste  of  a  cylindrical  chamber  fitted  with  a  filter  screen 
placed  close  to  the  bottom.  At  the  front  and  immediately  above  the  screen 
is  a  swinging  door  through  which  the  separated  salt  is  removed.  The 
conditions  inside  can  be  observed  through  the  sight  glass.  Wash  water 
is  introduced  through  perforated  pipes  mounted  under  the  top  cover  of 
filter.  Suitable  vacuum  and  liquor  pumps  are  connected  to  the  system 
to  provide  for  all  requiremente. 

The  method  of  operation  in  the  second  effect  is  the  same  as  haa  been 
described,  except  that  the  heavy  liquor  is  drawn  from  the  filter  by  the  suc- 
tion of  a  pump.  The  Uquor  dischai^ed  from  this  pump  is  either  returned 
to  the  second  effect  to  be  recirculated  or,  if  the  finc^  density  has  been 
reached,  it  is  discharged  as  finished  Uquor. 

These  evaporators  are  built  either  as  single,  double,  triple,  or  quad- 
ruple effects,  and  are  generally  connected  in  such  a  manner  that  any  one 
of  the  bodies  can  be  cut  out  of  service  without  interfering  with  the  others. 
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Owing  to  the  fact  that  each  body  of  a  multiple  effect  operates  at  a  different 
temperature,  it  is  frequently  possible,  by  proper  manipulation,  to  make  a 
separation  of  salts  where  several  cwnpounds  are  present  in  the  solution. 
Ordinarily,  the  weak  hquor  is  fed  to  the  hottest  body  and  is  finished  in 
the  coolest  body,  but  for  some  purposes  the  flow  of  liquor  is  reversed,  thus 
giving  what  is  known  as  the  "  countercurrent "  system  of  working. 

By  installing  a  prebeater  for  feed  liquor  a  substantial  reduction  in  the 
amount  of  steam  used  is  possible.  They  cost  comparatively  little  and 
save  much.  All  evaporators  are  equipped  with  internal  separators,  which 
makes  impossible  the  carrying  over  of  liquor  by  entrainment  as  a  result  of 
careless  operation.  Entrainment  loss  in  this  apparatus  is  thus  reduced  to 
the  vanishing  point. 

The  steam  pressure  used  varies  all  the  way  from  atmospheric  to  60 
pounds  or  more,  depending  on  the  circimi stances.  Ordinarily,  direct 
acting  pumps  are  furnished,  their  exhaust  being  delivered  to  the  evapo- 
rator. The  condenser  often  can  be  so  located  as  to  draw  its  own  water  by 
eucUon. 

Dlstillatioii.    This  operation  is  usually  for  the  purpose  of  separating 
liquids  from  other  liquids,  or  from  solids,  and  may  be  considered  as  a 
special  form  ol  evaporation.     In  fact,  evaporation  and  distillation  are 
often    carried   on  simultaneously.      Many 
forms  of  distilling  apparatus    are   in  use, 
although  they  all  have  three  points  in  com- 
mon:   (I)  The  still  or  vessel  holding  the 
liquids  to  be  heated,  (2)  the  condensers  or 
cooling  apparatus,  and   (3)  the  receiver  or 
vessel  in  which  the  distilled  liquid  collects. 
Between  the  still  and  condenser  is  a  spray 
catch,    provided   with   baffle  plates,  which 
prevents  any  of  the   solution  from   being 
carried   over    mechanically  by  the  vapor. 
The  liquid  is  thus  returned  to  the  still  while 
the  vapor  passes  along  to  the  condenser. 
The  apparatus  shown  is  made  of  copper,  the 
condenser  worm  being  tin-lined. 
ColumQ  Still.     The  illustration,  Fig.  38,' represents  one  of  the  types  of 
column  stills  in  common  use.     The  column  or  dephlegmator  (B)  is  placed 
on  top  of  the  boiler  (A)  and  is  divided  into  chambers  by  means  of  plates, 
each  of  which  has  a  dome  or  flat-covered  opening,  with  aji  overflow  pipe 
leading  to  the  chamber  below.     The  vapor  from  the  boiling  hquid  passes 
up  through  the  opening,  where  it  bubbles  out  through  the  hquid  on  each 
plate.    The  heavier  hquid  which  is  condensed  here  flows  down  through  the 
overflow  pipes  and  into  the  boiler.    Between  the  column  and  the  condenser 
(E)  is  a  series  of  U-tubes  surrounded  by  a  water-bath,  which  may  be  kept 
fit  any  temperature  desired,     M  the  mixed  vapors  pass  through  these 
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tubes,  the  high-boUing  portions  are  condensed  and  returned  to  the  column, 

while  only  the  lightest  or  more  volatile  liquid  passes  through  the  coil  in 

the  condenaer  (£). 

OMej  StilL    This  still  (Fig.  39)  consists  of  two  towers,  (A)  known  as 

the  analyzer,  and  (B)  the  reclijier.    Free  steam  is  forced  into  A  through  the 

pipe  {C),  where  it  bubbles 

up  through  the  liquid  on 

the  preforated  plates  (Z>) 

and  out  by  the  way  of  (£) 

into  the  rectifier  (B).  The 

liquid  to  be  distilled   is 

now  pumped  through  the 

pipe  (F)  and  the  coil  (G), 

and  is  deUvered  into  the 

analyzer  by  the  pipe  {H). 

The   liquid    in    this  way 

becomes    heated    by   the  Pj^  gg 

steam  surrounding  the  coil 

and  is  delivered  hot  to  the  analyzer.     The  hot  liquid  as  it  falls  on  the 

perforated  plates  spreads  out  in  a  thin  layer  and  runs  down  to  the  next 

comftartmentthroi^the 
overfow  pipe  (J).  The 
steam,  passingup  through 
the  layers  of  Uquid,  heats 
it  very  hot  and  carries 
the  volatile  portion  over 
into  the  rectifier.  Dur- 
ing the  passage  of  the 
mixed  vapors  up  the  rec- 
tifier the  steam  becomes 
condensed  by  contact 
with  the  cold  pipes,  thus 
allowing  the  more  vola- 
tile portion  to  pass  out 
through  the  pipe  (X)  to 
the  condenser  (L).  The 
•  water  which  collects  in  the  bottom  of  the  rectifier  is  pumped  to  the  top  of 

the  analyzer  through  the  pipe  (M).   From  the  bottom  of  the  analyzer 

is  a  pipe  (N)  to  act  as  a  dischai^  for  the  spent  liquor  which  has  lost  its 

volatile  matter. 

The  foregoing  apparatus  is  general  in  character  and  the  principles 

involved  may  be  applied  in  other  lines  of  industry.    In  Chapter  XXI  the 

writer  describes  several  types  of  stills  as  used  in  the  distillation  of  coal- 
tar  products. 

Lummus  Vacuum  Still  Outfit.     Fig.  40  shows  a  vacuum  still  with 
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condenser  and  vacuum  receivers.    The  still  {A)  is  aurmounted  by  a  vapor 
bonnet  (B),  which  acts  as  a  baffle  to  any  spray  of  unvaporized  liquid  that 
may  tend  to  pass  over  into  the  condenser  (C),  which  may  be  of  either  the 
coil  or  tubular  type.    After  the  vapor  is  condensed,  it  flows  through  the 
receiver  (D)  and  pipe  (E)  into  the  vacuum  receiver  (F).    When  this 
receiver  is  filled,  it  may  be  emptied  without  destroying  the  vacuum  in  the 
still  and  condenser  by  closing  the  valve  in  pipe  (E)  and  allowing  the  con- 
densate to  accumulate  in  (D).    As  soon  as  the  receiver  (F)  has  been  emp- 
tied, the  valve  can  be  opened  and  the  con- 
densate will  again  run  through  to  the  large 
receiver.     In   cases   where   the  recovery  of 
the  vaporized  portion  of  the  liquid  is  not 
required,  the  vacuum  receivers  may  be  dis- 
pensed with  and  the  liquid  or  vapors  be 
drawn   off  directly   through  the  vacuum 
pump  (0). 

Lummus  Refining  StUl.  Fig.  41  shows 
a  refining  still  with  external  reflux  such  as 
is  used  in  refining  benzol  and  toluol  and 
concentrating  aqueous  jsolutions  of  alcohol, 
acetone,  etc.  The  still  is  heated  by  a  steam 
coil,  which  may  be  perforated  for  direct 
steam  distillation.  The  vapors  pass  though 
the  column  which  is  made  up  of  a  number 
of  sections  flanged  or  bolted  together. 
Each  section  is  provided  with  a  separate 
deck  or  dephlegmator  and  equipped  with 
vaporizing  hoods.  The  refluxing  is  done  in 
the  tubular  reflux,  the  condensed  portion 
being  returned  to  the  column  through  the 
return  pipe,  which  is  shaped  so  as  to  form 
a  seal  against  the  vapors  in  the  column. 
The  vapors  which  are  not  condensed  in  the 
P^    J.  reflux  then  paas  on  into  the  final  condenser. 

Other  parts  of  the  apparatus  are  the  pressure 
and  vacuum  safety  valve;  the  temperature  recorder  for  the  vapors  pass- 
ing into  the  final  condenser;  the  product  gauge  for  testing  the  final  prod- 
uct and  observing  the  rate  of  flow;  the  return  pipe  by  which  the  liquors 
may  be  returned  to  the  still  or  drawn  off. 

Hodges  Two-effect  Water  StUl.  For  many  industrial  operations  it  is 
absolutely  necessary  that  a  pure  water  be  available.  This  has  led  to  the 
building  of  stills  that  will  produce  the  largest  distillation  at  the  minimum 
cost.  In  the  type  of  still  shown  in  Pig,  42  each  cell  of  the  apparatus  is 
constructed  of  two  cyUndrical  shells,  one  placed  within  the  other,  the  inner 
shell'being  called  the  condenser  and  the  outer  the  jacket.    The  condensers 
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are  of  heavy  copper,  block  tin-lined,  provided  with  tioned-copper  tubes. 
The  distillate  piping  is  made  of  brass  with  heavy  brass  fittings.    The 


jackets  are  of  galvanized  steel,  Uberally  proportioned.    The  whole  is  com' 
pactly  assembled,  occupies  a  minimum  space,  and  requires  the  very  sim- 


plest foundation.    The  initial  cell  of  these  two-effect  stills  is  heavily  insu- 
lated to  conserve  the  heat  of  the  steam  being  condensed  in  the  first  con- 
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denser.  This  materially  increases  the  operating  efficiency  of  these  BtjDs, 
and  13  a  secondary  reason  for  their  economy. 

Live  steam  enters  the  condenser  of  the  initial  cell  (A)  at  a  pressure  of 
10-25  poimds,  varying  with  the  capacity  of  the  still,  and  is  there  con- 
densed, the  distillate  Bowing  into  the  distilled  wat«r  header.  This  steam, 
in  condensing,  evaporates  the  surrounding  jacket  water  into  steam  of  a 
lower  pressure,  which  passes  into  the  condenser  of  the  second  effect  (B) 
where  it  in  turn  is  condensed,  flowing  as  distillate  into  the  distilled  water 
header  as  in  the  first  cell.  This  water  then  flows  through  the  cooler 
cell  (C)  where  it  gives  up  its  heat  to  the  entering  cold  raw  water,  and  out 
at  the  bottom  into  the  charcoal  cell  (D).  After  passing  upward  through 
granulated  charcoal,  the  distillate  is  ready  for  use.  The  raw  water  enters 
the  bottom  of  the  cooler  cell  (C)  and  passes  out  at  the  top,  being  raised  in 
temperature  to  about  160°,  and  is  then  used  to  supply  the  initial  and  final 
jackets.  With  this  process  no  aeration  is  necessary,  as  all  obnoxious  and 
corroding  gases  are  automatically  eliminated  from  the  distillate.  Fig.  43 
shows  an  actual  photograph  of  the  still  set  up  and  ready  for  work. 

CoQTeying  Solids.  Although  the  man  with  a  wheelbarrow  is  the  sim- 
plest method  of  conveying  solids,  he  is  at  the  same  time  the  least  econom- 
ical. A  steel  tray  wheelbarrow  weighs  from  60  to  70  pounds  and  will  hold 
about  2  cubic  feet.  In  a  general  way  the  laborer  pushes  the  barrow 
through  200  feet  in  a  minute  and  consumes  about  li  minutes  for  loading 
and  unloading.  Lai^er  barrows  are  made  with  two  wheels,  weighing 
from  200  to  250  pounds  and  having  a  capacity  of  S  to  9  cubic  feet.  As  a 
rule  barrows  are  used  on  level  surfaces  only,  and  are  made  of  various  shapes 
to  adapt  them  for  special  purposes.  In  some  cases  it  is  advisable  to  lay 
steel  tracks  and  draw  the  cars  by  means  of  electric  motors  or  small  loco- 
motives. The  arrangements  for  dumping  the  cars  vary  to  some  extent, 
but  of  those  in  conmion  use  may  be  mentioned  the  V-shaped  dump  car, 
the  gabled  or  saddle-bottom  dump  car,  and  the  hinged-end  dump  car. 

Cars  which  have  to  go  up  a  steep  incline  may  be  hauled  by  a  wire 
cable  or  tan  into  an  elevator.  Endless  chains  or  cables  provided  with 
catches  to  hold  the  car  while  it  is  being  drawn  up  the  incline  are  especially 
adapted  to  mining  operations.  An  aerial  cableway  is  often  used  where  the 
country  is  rough  and  where  it  is  necessary  to  cross  a  stream.  The  cable 
of  wire  or  rope  is  suspended  from  towers  and  is  usually  endless.  Along  it 
are  run  carriages  to  which  skips  or  buckets  are  attached.  Material  may 
also  be  moved  by  the  use  of  the  revolving  locomotive  crane  with  clamshell- 
bucket  or  other  form  of  container.  A  very  efficient  form  of  transportation 
is  by  means  of  the  belt  conveyor.  These  belts  are  usually  made  of  rubber 
or  cotton.  The  rubber  belts  (cotton  duck  coated  with  rubber)  are  espe- 
cially designed  for  rough  usage,  whereas  the  cotton  belts  are  better  fitted 
for  the  carrying  of  boxes  and  packages.  The  belts,  which  may  be  flat  or 
trot^hed,  are  run  on  rollers  for  support,  the  motion  being  imparted  by  a 
head  pulley,  and  the  slack  taken  up  by  the  foot  pulley.    Different  types 
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of  rollers  are  used  according  as  the  belt  is  flat  or  trough  shaped.  The 
capacity  of  such  a  conveyor  depends  upon  the  width  of  the  belt  and  its 
speed,  a  troughed  belt  being  able  to  carry  two  or  thre^  times  as  much  load 
as  a  flat  one. 

Hot  or  very  rough  material  is  generally  transported  in  bucket  conveyors 
carried  on  rollers  and  joined  together  by  a  roller  chain.  Apron  conveyors 
are  made  by  attaching  light  strips  of  wood  or  metal  to  link  chains,  thus 
forming  a  continuous  belt  much  used  for  handling  li^t  packages. 

In  drag  or  flight  conveyOTB  the  material  is  pushed  along,  the  simplest 
form  being  one  in  which  the  plain  scraper  is  drawn  by  a  central  rope  or 
wire.  In  the  suspended  draw  conveyor  the  flights  are  attached  to  croe^ 
bars  having  wearing  shoes  at  either  end  which  slide  on  angle-iron  tracks. 
Id  the  roller  flight  conveyor  the  shoes  are  replaced  by  rollers. 

The  screw  conveyor  consists  ot  a  shaft  aroimd  which  metal  flighta 
are  bolted  to  form  an  endless  screw.  This  shaft,  rotating  in  a  trough, 
pushes  the  material  along. 

When  material  is  to  be  lifted  any  distance  it  is  done  by  bucket  elevaton. 
The  buckets  are  fastened  to  belting  or  link  chains.  A  bufcket  shaped  like 
the  letter  L  is  easily  dtschai^ed,  and  is,  therefore,  largely  used  for  convey- 
ing pasty  material;  those  shaped  like  the  letter  V  have  a  larger  capacity, 
but  do  not  empty  so  readily  as  the  L-sfaaped.  The  buckets  may  be  made 
of  steel,  malleable  iron,  or  copper,  according  to  their  use.  They  are  also 
sometimes  perforated  to  allow  the  material  to  drain,  while  others  have  saw 
edges,  like  those  used  for  lifting  tanbark  and  such  material.  The  belt  to 
which  the  buckets  are  attached  passes  over  two  pulleys,  and  the  material 
is  discharged  1^  centrifugal  force  as  it  goes  over  the  top  one.  For  convey- 
ing barrels  and  boxes  special  elevators  have  been  designed. 

ConvcTing  liquids.  The  simplest  problem  which  presents  itaelf  is 
the  conveying  of  a  liquid  from  a  higher  to  a  lower  level,  in  this  case  gravity 
is  the  motive  force;  that  is,  the  liquid  is  made  to  flow  by  means  of  a  head. 
liquids  are  usually  conveyed  in  pipes  which  may  be  made  of  a  variety  of 
materials.  For  water,  galvanized  or  cast  iron,  lead,  copper,  tin,  and  allo]^ 
also  ebonite,  are  used;  for  waste  material,  earthenware  and  cement  pipe. 
Glased  pipe  or  vitrified  tile  find  application  For  acid  liquids;  they  are 
rather  fragile,  however,  and  should  not  be  exposed  to  over  20  pounds 
pressure  to  the  square  inch.  Wooden  pipes,  which  are  made  of  staves 
bound  together  with  steel  bands,  are  much  used  for  beer,  vin^ar,  organic 
acids,  and  dilute  mineral  acids.  Lead  pipe  is  very  valuable  in  chemical 
industry,  as  it  resists  corrosion,  but  is  not  satisfactory  when  exposed  to 
heat  or  pressure.  For  this  reason  iron  pipes  which  are  lead-hned  are 
better.  Tin  pipes  are  sometimes  used  is  breweries,  and  for  conveying 
distilled  water,  carbonated  water,  vinegar,  and  wine;  but  tin-lined  copper 
or  iron  pipes  are  less  expensive.  Copper  and  brass  pipes  find  extensive 
application,  expecially  in  the  manufacture  of  dye-wood  extracts  and 
fAnning  materials.    Wrought  iron,  either  plain  or  galvanised,  is  adapted 
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to  ttie  distributioD  of  w&ter,  while  castdron  pipes  are  emplojred  for  oon- 
veying  concentrated  acids. 

ElevRtlng  liquids.  The  most  conunon  method  of  lifting  liqtiida  is  by 
pumps,  which  may  be  driven  by  steam,  electricity,  water,  belt,  or  gear. 
The  pressure  secured  in  a  plunger  pump  is  due  to  the  force  of  a  pistcm, 
whereas  in  a  centrifugal  pump  the  pressure  is  obtained  through  a  rotary 
motion  imparted  by  means  <A  revolvii^  fans.  The  pulsometer  and  hy- 
draulic ram  are  used  to  a  limited  extent. 

To  withstand  the  action  of  acid  and  alkaline  solutions,  pumps  are 
made  (tf  various  materials,  but  for  the  elevation  of  more  corrosive  liquids 
the  acid  ^g  is  generally  used.  Acid  eg^  are  usually  made  of  add-pnxrf 
cast  iron,  heavy  enough  to  withstand  the  necessary  pressure;  they  are 
also  sometimes  made  of  earth«iware.  To  operate,  it  is  filled  with  the 
liquid  and  the  ingress  closed.  Then,  by  the  admission  <rf  compressed  air, 
the  liqiud  is  forced  through  a  tube.  The  Harris  system  of  elevating 
liquids  by  compressed  air  consists  of  two  cylinders,  opening  into  common 
fill  and  discharge  pipes,  the  cylinders  bdng  filled  by  suction  and  dis- 
charged by  pre^&ure. 

Where  a  liquid  is  to  be  transferred  fr<Mn  a  higher  to  a  lower  level  the 
siphon  is  the  simplest  and  most  economical  appliance.  The  simplest 
way  to  start  the  flow  is  to  fill  both  limbs  with  the  solution  and  plunge  the 
short  arm  into  the  hquid  contained  in  the  upper  vessel.  A  very  con- 
venient form  of  siphon  can  also  be  arranged  by  having  a  swivel  pipe 
attached  to  the  bottom  of  the  tank,  and  lowering  it  to  the  proper  level  by 
means  of  a  chain. 

Liquids  are  sometimes  raised  or  conveyed  by  injectors  operated  by 
steam,  their  efficiency  depending  upon  the  principle  of  the  diEFerence  in 
velocity  of  a  jet  of  steam,  issuing  from  an  orifice,  and  that  of  a  jet  of  water. 
The  solutions  raised  by  an  injector  become  heated  and  diluted  by  the  con- 
densed steam. 

Conveying  Gases.  Gases,  whether  of  value  for  manufacturing  pui^ 
poses  or  of  no  special  value,  have  to  be  conveyed  from  one  part  of  the 
plant  to  another,  or  entirely  removed,  as  the  case  may  be.  For  this 
purpose  are  used  pipes  of  sheet  iron,  galvaniied  iron,  cast  iron,  or 
wrought  iron,  as  well  as  fiues  of  brick,  concrete,  and  lead-lined  wood. 
Gas  blowers  and  exhausters  are  made  ather  to  overcome  a  low  counter- 
pressure  or  rarefaction  such  as  occurs  in  ventilation  or  to  overcome 
high  counter-pressure,  or  exhaust  against  a  high  rarefaction.  These 
go  under  the  name  of  ccnnpressors  and  exhausters.  Fan  blowers  consist 
d  a  number  of  blades  fixed  on  a  rapidly  revolving  shaft.  They  are  used 
only  where  the  counter-pressure  is  veiy  slight.  In  pressure  blowers  the 
blade  widths  are  parallel  with  the  shaft  and  enclosed  in  a  casing,  usually  of 
metal.    The  higher  the  speed  at  which  the  blades  revolve  the  greater  the 


Chimneys  are  often  used  to  carry  off  noxious  gases  as  well  as  to  create 
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s  draft  and  promote  combuatiou  of  fuel.  For  a  good  draft  height  ia  espe- 
cially desirable,  while  for  the  removal  of  noxioue  gases,  size  is  perhapB 
the  moet  importaDt.  Forced  draft  may  be  produced  by  blowing  air 
through  the  fluea  or  by  exhausting  the  gases  formed  during  combustion. 
That  chimneys  deliver  noxious  gases  at  a  sufficient  height  to  prevent 
ddeteriouB  action  on  vegetable  and  animal  life  should  also  be  taken  into 
consideration. 

Refrigeration.  The  principle  involved  in  all  refrigerating  machines 
ia  the  absorption  of  heat  by  the  evaporation  of  a  volatile  liquid.  Among 
the  substances  used  are  liquefied  ammonia,  sulphur  dioxide,  and  carbon 
dioxide,  ammonia  being  the  most  common  both  in  the  compresnon  and 
tbe  d>8ori)tion  systems. 

Conqtresdoa  System.  The  gas  is  heavily  compressed  and  liquefied 
by  passing  it  through  coils  over  which  cold  water  flows;  the  liquid  is  then 
passed  through  a  small  opening  into  a  lai^  coil  of  pipe.  Hie  expansion 
of  the  ammonia  from  a  liquid  to  a  gaseous  state  causes  the  absorption  of 
much  heat  with  the  result  that  the  temperature  falls  below  the  freezing- 
point  of  wat^.  The  gases  formed  in  the  expansion  pipes  are  rapidly 
exhausted  by  means  of  a  pump  and  returned  to  the  ccmipressor,  where 
tbe  c^cle  is  repeated,  it  h&ng  necessary  to  supply  only  sufficient  ammonia 
to  replace  that  lost  by  leakage. 

Fot  the  manufacture  of  artificial  ice  the  expansion  coils  are  surrounded 
with  a  strong  brine  or  caldum-chloride  solution,  in  which  galvanized  iron 
boxes  filled  with  water  are  immersed.  When  used  for  cold  storage  it  is 
desirable  to  increase  the  cooling  surface  of  the  expansion  coils.  The  pipes 
are  suspended  from  the  ceiling  of  the  room,  and  cast-iron  disks  are  placed 
at  frequent  intervals  on  each  pipe  perpendicular  to  its  line  of  direction. 

Absorption  Sjrstem.  The  Absorption  Refrigerating  Machine  consiste 
at  a  generator,  analyzer,  dehydrator,  ammonia  condenser,  ammonia 
recover,  exchanger,  weak  aqua  cooler,  absorber,  strong  aqua  tank,  aqua 
ammonia  pump,  and  pressure  gauges.  In  operating  this  machine,  steam 
admitted  to  the  generator  coils  heats  the  aqua  ammonia  to  boiling.  The 
liberated  gas  passes  upward  through  the  analyzer,  mounted  on  top  of  t^e 
generator,  where  aoaie  of  the  water  still  left  suspended  in  the  gas  is  re- 
moved by  coming  in  direct  contact  with  the  incoming  strong  aqua  am- 
m(»iia  from  the  absorber.  On  leaving  the  analyzer  the  gas  enters  the  tap 
of  the  dehydrator,  where  the  remaining  water  is  condensed.  The  now 
auhydrouB  gas  enters  the  ammonia  condenser,  where  it  is  liquefied,  and 
is  then  drawn  into  the  anhydrous  liquid  ammonia  receiver.  From  this 
receiver  it  goes  to  the  evaporating  culs  in  which  the  refrigerating  effect  is 
produced.  The  expanded  gas  frc»n  the  evaporating  coils  then  enters  the 
abawber,  where  it  comes  in  contact  with  weak  aqua  ammonia,  thus  pro- 
dudng  a  solution  of  strong  aqua  ammonia.  Tbe  strong  aqua  ammonia 
ovwfiows  frCHn  the  abaorber  into  a  strong  aqua  tank;  the  aqua  ammonia 
pomp,  taking  it«  suction  fnnn  this  tank,  discharges  the  strong  aqua  am- 
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monia  into  the  exchanger  at  the  bottom  of  the  shell.  In  passing  througji 
the  exchanger  the  hquid  becomes  heated  to  within  35°  to  40'  F.  of  the 
temperature  of  the  generator  by  the  weak  aqua  ammonia  from  the  gener- 
ator. On  leaving  the  exchanger  the  strong  aqua  ammonia  enters  the  top 
of  the  analyzer,  where  it  is  still  further  heated  by  passing  over  the  ba£9e 
plater  and  coming  in  direct  contact  with  the  liberated  gas  from  the  gener- 
ator. From  the  analyzer  it  enters  the  generator  at  very  near  the  tem- 
perature due  to  the  steam  coils  of  the  generator,  is  again  boiled,  and  the 
cycle  repeated. 

Chemical  Apparatus.  Owing  to  the  recent  development  in  the  coun- 
tiy  of  the  manufacture  of  dyestuffs  and  intermediates,  it  has  likewise 
.  become  necessary  for  the  machin- 
ery maker  to  develop  apparatus 
for  this  purpose.  A  description 
of  some  of  the  most  important 
forme  is  given  below. 

Nitrators.  Many  types  of 
kettles  for  the  nitration  of  aro- 
matic hydrocarbons  have  recently 
been  placed  on  the  market.  One 
of  them,  shown  in  Fig.  ^,  con- 
sists of  a  special  cas1>-iron  body 
surrounded  on  the  sides  and 
bottom  with  a  cooling  jacket. 
The  lai^  size  also  contains  a 
series  of  closed  end  tubes,  pro- 
viding quick  cooling  facilities  in 
the  center  as  well  as  along  the 
sides  of  the  interior.  Water  is 
forced  to  the  bottom  of  the 
^°-  **■  tubes  which  are  individually  con- 

trolled. The  temperature  of  the 
overflow  from  each  tube  can  be  noted  and  is  regulated  by  a  valve. 
The  use  of  these  tubes  is  made  possible  by  casting  the  tubes  with- 
out chaplets,  thus  insuring  freedom  from  leaks.  The  apparatus  is  con- 
structed throughout  to  withstand  the  heavy  duty  it  is  designed  to 
perfonn.  Three  "  boat  type  "  propellers  combined  with  the  "  bumped  " 
bottom  of  the  nitrator  insure  thorough  agitation  of  the  hquid,  especially 
in  the  center.  Other  features  are  ball  bearings  and  special  semi-steel  cut 
gears.  In  the  smaller  sizes  the  tubes  are  omitted,  as  sufficient  cooling 
faciUties  are  contained  in  the  outer  jacket. 

Reducers.  In  order  to  convert  nitrocompounds  into  amino  bodies, 
special  forms  of  apparatus  have  been  devised.  Fig.  45  is  particulariy 
noted  for  ita  large  output  and  ease  and  cleanliness  of  operation. 
Carefully  constructed  to  meet  the  working  conditions  for  which  it  is 
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dee^ned,  the  apparatus   conaiste   of  a  specially  constructed  cast-iron 
body. 

The  bottom  and  lower  portion  of  the  sides  are  lined  with  special  quality 
liner  plates,  which  are  readily  removable  and  can  be  renewed  as  occasion 
requires.  The  aide  plates  are 
reveraible,  so  that  the  upper 
portion  of  the  plate  can  be  used 
when  the  bottom  part  has  be- 
come worn.  The  shaft  and 
agitator  are  suspended  from  a 
bearing  in  the  top  of  the  reducer 
and  are  further  supported  by  a 
heavy  bearing  in  the  yoke  mid- 
way in  the  reducer,  as  illus- 
trated,   thus    diminating    the 

objectionable  bottom  or  step  • 

bearing  commonly  used.  A 
special  feature  of  both  shaft 
and  agitator  is  that  they  are 
hollow,  the  steam  being  intro- 
duced through  the  shaft  at  the 
top  and  distributed  in  the  re- 
ducer by  means  of  outlets  in 

the  agitator.      The  agitator  is  Fia.  45. 

of  the  tooth  type,  which  insures 

better  agitation  and  reqmrea  less  power  to  operate  than  the  plow  type  sc 
commonly  used. 

A  large  door  on  the  ade  facilitates  the  removal  and  renewal  of  the  liner 
plates  when  required,  this  door  being  fully  protected  by  the  Uning. 
Another  feature  is  the  improved  unloading  device  which  automatically 
raises  the  valve  when  opened  and  wedges  it  in  position  when  closed. 

SulphonatuB.  Many  oils  as  well  as  other  organic  products  must  be 
treated  with  concentrated  sulphuric  acid.  This  is  done  in  a  sulphonating 
apparatus,  Fig.  46.  As  will  be  seen,  the  design  of  the  aulphonator  is  espe- 
cially heavy  and  durable.  On  account  of  the  action  of  the  acids  com- 
monly treated,  a  special  quahty  of  metal  is  used  in  the  construction  of  the 
apparatus.  The  sdes  and  bottom  are  steam  jacketed.  Efficient  agitation 
ia  provided  l^  means  of  "  boat  type  "  propellers  attached  to  a  shaft 
which  extends  through  a  stuffing  box  in  the  cover,  operated  by  means 
<A  specifd  semi-steel  cut  gears.  Lugs  for  supporting  the  apparatus  are 
provided. 

Autoclaves.  Many  organic  preparations  require  that  the  reacting 
bodies  be  subjected  to  elevated  temperatures  and  under  a  certain  amount 
of  pressure.  The  illustration,  Fig,  47,  shows  a  type  of  this  form.  Auto- 
claves are  built  for  any  pressure  desired  and  are  constructed  of  cast  steel, 
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bronze,  or  cast  iron,  depending  on  the  pressure  deared  and  the  nature  of 
ttie  material  to  be  treated.  They  are  also  built  with  or  without  outer 
jacket  and  with  or  without  stirring  devices.  Where  the  action  of  the 
material  being  treated  makes  tt  de- 
sirable, a  special  lining  of  acid- 
resistant  or  other  metal  is  pro- 
vided. 

Hydraulic  Presses.  Hydraulic 
pressure  as  a  mechanical  principle 
has  been  known  and  understood  for 
centuries,  but  its  development  as  an 


Fio.  46.  Fio.  47. 

industrial  factor  and  its  application  to  modem  processes  are  of  com- 
paratively recent  origin.  For  scarcely  half  a  hundred  years  has  its  use 
been  a  commercial  fact.  During  that  time,  however,  the  attention  of 
chemical  manufacturers  has  been  directed  towards  its  possibilities.  The 
principle  of  hydrostatics  depends  upon  the  fact  that  pressure  apphed  to 
any  area  of  confined  fluid  is  transmitted  to  every  other  equal  area  either 
of  the  fluid  or  the  walls  of  the  containing  chamber  without  diminution. 
Jn  its  appUcatioQ  every  simple  machine  produces  speed  at  the  expense 
of  power  or  the  reverse.  Through  the  medium  of  the  hydraulic  pump  and 
press,  hydrostatics  convert  a  small,  rapidly  moving  force  at  the  pump 
plunger  into  a  lai^e,  slowly  moving  force  at  the  press  ram  and  with  no 
perceptible  loss  by  friction.  A  machine  operated  by  this  principle  is  more 
nearly  automatic  in  action  and  is  more  easily  controlled  than  any  other. 
The  pressure  on  the  press  ram  exceeds  that  applied  to  the  pump  plunger 
as  many  times  as  the  area  of  the  ram  end  is  greater  than  that  of  the  pump 
plunger  head.  Thus,  by  this  form  of  pressure  a  small  pump  drives 
water  or  other  liquid  into  a  reservoir  under  pressure.    The  pressure  so 
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developed  exerts  ito  influence  upon  a  piston  which  in  its  turn  transmits 
it  to  the  material  under  treatment.  Several  forms  of  presses  are  illus- 
trated below  and  in  each  case  a  note  is  given  as  to  their  particular  use. 

E^draulic  Abrasive  Wheel  Presses.    Fig.  48  illustrates  a  heavy  deaign 
<rf  hydraulic  abrasive  wheel  press.    This  type  of  abtesive  wheel  press  is 


Fig.  48. 

used  in  forming  wheels  of  emery,  corundum,  carborundum,  aliindum, 
crystolon,  aloxite,  carbolite,  and  carbondite. 

Bydraulic  Chamois  Skin  Press.  This  press,  Fig.  49,  is  used  for 
"  degreaaing "  purpoees  in  the  manufacture  of  chamois  skins.  The 
equipment  includes  two  curbs  mounted  on  trucks  in  which  the  skins  are 
pressed.  The  curbs  are  made  of  wood  staves  reinforced  with  iron  bands. 
The  skins  do  not  come  in  contact  with  anything  but  wood.  The  curbs 
are  made  in  three  sections,  one  being  stationaiy  and  securely  fastened  to 
the  truck,  the  other  two  sections  being  hinged  to  the  stationary  section 
and  provided  with  substantial  locks.    A  slightly  raised  section  in  the  flow 
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of  the  truck  fite  the  interior  of  the  curb.    The  trucks  are  fitted  with  stops 
which  center  each  truck  in  the  press.    They  are  also  fitted  with  nipples 


to  which  hoee  can  be  attached  and  through  these  the  liquid  preeaed  tram 
the  skins  is  drawn  oB. 
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HydntoUc  Tankage  Presses.    This  illustration,  Fig.  60,  diows  -a 
tankage  preea  for  small  requirements.    These  presses  aie  used  largely  by 


Fio.  51. 

butchers  for  expressing  grsase  and  moisture  from  tankage.  This  design 
of  press  is  equipped  with  the  power  attachment  and  one  pump  mounted 
on  the  press. 

The  illustration  also  shows  the  press  erected  on  a  floor,  which,  if  sub- 
stantial, forms  a  suitable  foundation.    A  hole  is  cut  through  the  floor 
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to  receive  the  cylinder  and  pipe  conDection.  This  is  the  proper  way  to 
erect  such  presses  if  extended  tracks  are  to  be  built  on  one  or  both  sides 
of  the  press. 

Hydraulic  Oleo  or  Cold  Presses.  This  type  of  oleo  press,  Fig.  51, 
need  for  the  cold  pressing  of  tallow  stock,  is  equipped  with  pin  bars  and 
pins  for  holding  the  plates  in  the  upper  part  of  the  press  after  the  pressure 
has  been  applied.  After  the 
pressure  saucer  has  been  low- 
ered by  the  return  of  the  press 
ram,  the  plates  are  lowered 
and  unloaded  and  reloaded 
one  at  a  time.  This  obviates 
the  necessity  of  removing  the 
plates  from  the  press.  Black 
or  galvanized  steel  plates  are 
used  between  the  layers  of  ma- 
terial to  be  pressed.  Camel's 
hair  cloths  are  used  for  wrap- 
ping the  cakes  while    being 


Heavy  Pressure  ^draulic 
Coib  Presses.  The  curb  press 
illustrated  by  Fig.  52  is  a 
popular  design  among  the 
largest  meat  packers  and  ren- 
derers  in  the  world.  The  press 
is  used  lai^lyfor  pressing  lard, 
grease,  or  tallow  from  packeis' 
and  renderers'  acrape.  This 
design  represents  the  very  best 
that  mechanical  skill  can  pro- 
duce. The  construction  is  en- 
tirely of  Bteel,  thus  assuring 
Fia.  52.  the  greatest  factor  of  strength 

for  the  heavy  pressure  the 
press  is  capable  of  exertii^.  The  overhead  plunger  and  the  saucer  are 
usually  steam  heated.  Division  plates  are  furnished  to  divide  the  cheese 
into  layer  form  for  efficiency  in  pressing  and  drainage  and  for  convenience 
in  handling  sohds  after  being  pressed. 

The  cheese  is  ejected  from  the  curb  by  hydraulic  pressure  in  the  fol- 
lowing manner:  After  the  pressing  operation  is  completed,  the  chains 
are  hooked  on  to  the  curb  and  the  slack  is  taken  up  by  the  windlass  attach- 
meat.  Before  attaching  the  chains,  the  pressure  is  released  just  enough 
to  prevent  any  strain  on  the  chains  other  than  holding  the  curb  in  an 
elevated  position.    After  the  chains  are  attached,  the  operating  valve 
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*  is  opened,  which  permite  tbe  eaucer  to  return  to  ita  lowest  poeitios.  The 
euib-liftiog  brackets  are  then  puBhed  into  position  underneath  tbe  lower 
curb  band  and  the  presaure  is  applied,  which  causes  the  overhead  plunger 
to  force  tbe  pressed  cake  into  the  aaucer  below.  The  saucer  is  then 
lowered,  brackets  are  removed,  and  the  curb  is  lowered  to  position  in  the 
saucer  by  means  of  the  windlass  attachment. 

DouUe  Hydraulic  Seed  Oil  Press.  The  machine  illustrated  by  Fig. 
63  is  a  double  hydraulic  press  used  for  extracting  oil  from  various  oly 
seeds,  l^iis  type  of  press 
is  primarily  designed  for 
the  first  pressing  of  seeds. 
The  presses  are  equipped 
with  two  solid  steel  slat 
curbs  which  retain  the 
crushed  seeds  for  receiv- 
ing tbe  pressure.  How- 
ever, this  type  of  press 
is  often  used  for  the  sec- 
ond and  later  pressings, 
as  well  as  the  first  press- 
ing. 

Prior  to  pressing,  the 
seeds  are  reduced  to  a 
crushed  condition  by 
means  of  crushing  rolls. 
The  crushed  seeds  are 
then  elevated  to  the 
cooker  mounted  upon 
the  top  of  the  presses. 
The  cooker  is  filled  with 
the  crushed  seeds  and 
thoroughly  agitated, 
heated,  and  damped,  if 
necessary.  In  the  bot- 
tom  of  the   cooker  are 

two  openings  which  cor-  Fio.  53, 

respond  to  two  chamberB 

in  the  bead  of  each  press.  These  chambers  are  opened  and  closed  at  the 
top  and  bottom  by  slides  operated  by  levers.  The  press  chambers  bold 
just  enough  material  for  composing  one  cake,  which  is  placed  in  the 
retaining  curb  and  a  perforated  division  plate  is  laid  on  its  top.  This 
opa^tion  is  repeated  until  tbe  entire  press  is  charged. 

Prior  to  filling  the  retaining  curbs,  the  plungers  which  project  into  than 
are  rolled  back  and  out  of  tbe  way.  One  of  the  presses  in  the  illustration 
shows  the  overhead  plui^r  rolled  back  and  the  curb  ready  to  recdve  tbe 
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crushed  materia^  the  other  press  shows  the  plunger  ia  position  to  receive 
the  pressure.  During  the  pressing  operation,  metal  shields  are  placed 
around  the  retaining  curbs  for  the  purpose  of  conducting  the  oil  to  the  pan 
below. 


After  pressing,  the  cakes  are  removed  from'  the  retaining  curbs  by 
rolling  back  the  overhead  plungers  and  applying  the  pressure.  The  curbs 
being  bolted  in  a  stationary  position  to  the  press  pan  (saucer),  the  press 
raraa  work  up  through  the  curbs  and  force  the  pressed  cakes  out  at  the  top, 
whence  they  are  removed  by  the  press  operator.  When  filling  the  curbs, 
most  operators  run  the  ram  up  into  the  curb  and  then  permit  it  to  recede 
as  the  material  is  drawn  from  the  chamber  above.  This  makes  it  more 
oonvenient  for  spreading  the  material  and  placing  the  division  plates. 
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The  m&terial,  after  being  pressed  on  this  type  of  present  usually  is  again 
reduced  to  a  meal  by  a  grinding  machine  and  formed  into  cakes,  then 
repressed  in  a  box  or  plate  type  of  press.  In  some  instances,  however,  the 
material  iB  again  prasBed  in  the  curb  retaining  type  of  press  as  here  de- 
scribed. 

Hydraulic  Cider,  '^^Hne,  end  Grape-juice  Presses.  In  every  section  of 
the  world  where  apples  and  grapes  are  extensively  grown,  the  cider,  vin- 
egar, wine,  and  grape<juice  industry  is  a  very  important  one  and  is  each  year 
beooming  more  so  because  of  the  growing  tendency  to  conserve  all  waste 
in  fruits,  especially  apples  and  grapes.  Hydraulic  presses  for  this  indus- 
try are  of  steel  construction  throughout,  except  for  such  parts  as  come 
in  direct  contact  with  the  juice.  Hard  wood  is  used  here  because  metal 
will  injure  the  juice.  In  connection  with  presses  used  in  this  industry, 
graters  and  crushers  are  used,  to  thoroughly  break  up  the  juice  cells  and 
reduce  the  fruit  to  a  fine  pomace,  which  is  then  built  up  by  means  of 
racks  and  cloths  into  a  cheese  for  pressing.  The  rack  and  cloth  system 
of  pressing  is  the  most  approved  and  modem  retaining  method  in  use 
to-day,  because  it  provides  easy  means  for  obtaining  the  maximum  amount 
of  juice  from  the  fruit  with  the  least  effort  on  the  part  of  the  operator  as 
well  as  the  press.  The  racks  furnish  easy  drainage  for  the  juice  from  the 
center  of  the  cheese.  Cider  and  grape-j  nice  presses  are  built  in  many  styles 
to  suit  varying  conditions.  The  most  common  type  is  the  combination 
design  which  is  a  complete  unit  machine.  This  type  affords  means  of 
performing  all  operations  at  the  press,  including  elevating,  grinding, 
crushing,  and  pressing.  Where  it  is  more  convenient  to  have  the  fruit 
ground  or  crushed  by  a  grater  or  crusher  installed  separate  from  the  press, 
an  independent  pross  with  the  transfer  car  system  is  preferred.  Fig.  M 
illustrates  this  type  of  press.  The  double-transfer  car  system  is  shown  but 
the  mngle-transfer  car  system  may  be  used  just  as  conveniently,  in  which 
case  a  track  is  provided  on  both  sides  of  the  press,  on  which  single  transfer 
cars,  canying  stock  trucks,  are  run  between  the  grinding  or  crushing 
point  and  the  press. 
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CHAPTER  II 

WATER  FOR  INDUSTRIAL  USE 

HERMAN  STABLER  AND  ALFRED  A.  CHAMBERS 

United  Stales  Geologieal  Survey 

Choice  of  Industrial  Water  Supply.  The  quality  of  water  supplies  for 
municipalities  has  attained  a  prominent  place  in  technical  literature,  for 
man'a  fiist  requirement  of  wat«r  is  that  it  shall  be  fit  to  drink.  The  advan- 
tages of  removing  color,  odor,  tast«,  turbidity,  and  harmful  bacteria  are 
so  well  known  by  the  pubhc  that  purihcation  of  this  character  is  insisted 
upon  and  is  classed  among  the  fundamentals  of  water^upply  engineering. 
The  literature  of  water  for  industrial  use,  however,  is  meager.  The  effect 
upon  many  industrial  processes  of  the  substances  present  in  water  is  largely 
a  matter  of  conjecture,  though  the  advantages  of  treatment  to  secure  water 
of  better  quality  for  some  processes  is  well  known.  Nevertheless,  each 
water-using  industry  depends  in  a  notable  d^;ree  on  the  quality  of  its 
water  supply  for  its  financial  success  or  the  quahty  of  its  product. 

Quality  of  water  may  be  bo  important  as  to  be  the  controlling  factor  in 
the  location  of  an  industry.  Knowledge  of  character  of  available  water 
aupphes  over  large  areas,  as  well  as  knowledge  of  effects  of  impurities  of 
water  on  industrial  processes,  is  essential  to  a  wise  choice  of  location.  The 
many  water  analyses  published  by  the  U.  S.  Geological  Survey  and  by 
State  and  Municipal  bureaus,  primarily  for  the  benefit  of  prospective  water 
users,  and  the  analytical  data  on  file  in  the  offices  of  railroads  and  other 
lai^  industrial  users  of  water  are  helpful  in  making  such  a  choice.  If  the 
location  (rf  the  industry  is  fixed  by  other  considerations,  it  is  necessary  to 
obtain  data  on  supplies  available  in  the  locality  in  order  that  the  source 
of  water  best  suited  to  the  industry  may  be  selected  for  use.  Generally, 
if  a  municipal  water  supply  is  available  it  should  be  chosen,  for  such  a 
supply  is  as  a  rule  cheap,  plentiful,  and  of  as  good  quality  as  any  to  be  had. 
Too  often  quantity  or  coat  is  considered  to  the  practical  exclusion  of 
quality  of  water.  The  choice  between  stream  waters  and  ground  waters 
must  often  be  made.  Stream  waters  are  usually  the  lower  in  dissolved 
mineral  content  but  vary  greatly  with  change  of  stage  in  quantity,  turbidity, 
and  concentration,  and  even  in  chemical  character.  Ground  waters  are 
likely  to  contain  deleterious  gases,  relatively  high  concentration  of  mineral 
constituents,  high  content  of  heavy  metals,  and  are  the  more  extreme  in 
chemical  type.    Ground    waters   are    normally  the  more   concentrated 
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the  deeper  the  horizon  from  which  they  are  drawn.  Quantity  ia  hkely  to 
decrease,  and  of  necessity  the  cost  of  pumping  increases  with  depth 
to  water.  Generally,  therefore,  and  this  is  particularly  true  in  r^ons  of 
igneous  rocks,  the  ground  water  nearest  the  surface  affords  the  best  indus- 
trial water  supply.  This  rule  ia  by  no  means  universally  applicable  in 
regions  of  sedimentary  rocks  and  in  such  regjons  endeavor  should  be  made 
to  tap  a  known  aquifer  that  experience  has  shown  to  afford  the  beat  water 
supply. 

Once  the  location  of  the  industry  and  the  source  of  water  have  been 
determined  the  chemist  at  the  works  must  solve  the  problem  of  maldng  the 
best  (^  the  water  supply  to  be  used.  It  is  possible  to  produce  water  of  any 
desired  quality  from  any  water  supply  whatever.  The  problem  is  one  (rf 
adjustment  of  cost  of  treatment  to  value  of  benefits  derived.  Obvl- 
oudy,  the  purification  process  that  will  give  a  TmyTimiim  excess  (rf  value 
over  cost  of  treatment  is  the  one  to  be  selected. 

Sootce  of  Bnpurities  in  Water.  The  industrial  value  of  water  is  due 
in  large  measure  to  its  property  of  dissolving  in  greater  or  less  degree  nearly 
everything  with  which  it  comes  in  contact.  Because  of  this  property, 
however,  pure  water  is  unknown  in  nature.  Even  rain,  the  purest  of 
natural  waters,  is  contaminated  l^  finely  powdered  mineral  matter, 
particles  of  plants,  ammonia,  carbon  dioxide,  oxygen,  nitrogen,  and  otho* 
subsbuices  gathered  in  its  fall  through  the  atmosphere.  On  reaching  the 
earth,  rain  flows  into  streams  as  surface  run-off,  passes  into  the  air  as  vapor, 
or  dnke  into  the  ground,  a  storage  reservoir  from  which  it  eventually 
emerges  as  vi^mr  or  surface  water.  Surface  water  is  the  chief  contributor 
ctf  turbidity  to  streams,  while  to  the  ground  water  is  chargeable  a  major 
part  (A  the  dissolved  mineraJ  impurities.  Whether  passing  over  the  sur- 
face or  slowly  percolating  imderpxtund,  water  takes  into  solution  a  part  of 
the  materials  with  which  it  comes  in  contact.  Impurities  derived  fnxn  the 
air  assist  in  the  solution  ot  rock-forming  minerals,  while  all  the  dissolved 
materials  exert  an  infiuence  one  upon  another.  The  chemical  constitu- 
tion and  physical  condition  of  an  area  is  therefore  reflected  by  the  water  it 
furnishes. 

Most  wells  and  springs  indicate  the  nature  of  a  very  local  geologic 
area,  while  running  streams  reveal  the  local  conditions  of  tbelr  drainage 
areas  and  thus  provide  an  approximate  average  index  of  the  geology  of  a 
much  larger  territory.  If  water  analyses  are  not  available  geologic 
data  may  assist  materially  in  postulating  the  chaiacter  of  a  water.  The 
older  crystaUine  rocks  afford  waters  of  low  concentration  free  from  per- 
manent hardness,  though  t^nporary  hardness  and  relatively  high  content 
of  siUca  may  be  expected.  These  are  among  the  best  waters  for  use  in 
boilers,  for' processes  of  the  textile  industries,  for  paper  making,  and  in 
fact  for  most  industrial  processes.  Such  waters  are  prevalent  in  the  upper 
MississpfM  River  basin,  in  the  r^oa  from  the  Appalachian  Mountains  to 
the  Atlantic  coast,  from  New  England  to  the  Gulf  6t  Mexico,  and  in  relfr- 
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tively  Binall  areas  in  various  sections  of  the  United  States.  Waters  frcnn 
basalts  and  rhyolites,  such  as  are  found  in  many  parts  of  the  Rocky  Moun- 
tain and  Pacific  Coast  States,  are  likewise  to  be  commended  tor  industrial 
use,  though  these  are  likely  to  be  somewhat  more  concentrated  and  may 
cany  sulphate.  Sedimentary  rocks,  particularly  marine' sediments,  such 
as  are  found  throughout  the  greater  part  of  the  Mississippi  Vall^,  carry 
waters  of  still  greater  concentration.  Waters  from  limestones  are  very 
hard  and  those  frtHU  magnesian  limestones  and  dolomites  are  among  the 
worst  boiler  waters,  causing  both  scale  and  corrosion.  Sandstones  differ 
greatly  in  content  of  soluble  constituents  and  in  quality  of  waters,  and 
this  is  true  also  of  shalea.  The  best  and  the  worst  of  industrial  waters 
may  oome  from  shales  of  widely  differing  cbanfbter.  Many  sandstones 
and  shales  afford  waters  of  high  permanent  hardness.  These  rocks,  like 
the  limestones,  cover  great  areas,  and  once  the  character  of  the  water  from 
any  particular  stratum  is  determined,  the  general  characteTistics  of  a  water 
from  the  same  stratum  many  miles  distant  can  be  forecast  with  a  fair  degree 
of  certainty. 

Amount  and  intensity  of  rainfall,  assisted  by  surface  slope  and  per- 
meability of  soil,  play  an  important  role  in  quality  of  water.  Other  things 
being  equal,  least  mineral  matter  is  found  in  waters  from  regions  (rf  highest 
rainfall.  In  periods  of  drought  ground  water  is  the  chief  source  of  stream 
flow  and  in  consequence  the  stream  waters  are  then  most  highly  mineralized. 
At  such  times  the  ground  water  is  drawn  upon  for  the  support  (d  vegeta- 
tion and  its  mineral  impurities  are  thus  concentrated.  A  gentle  rain  will 
dilute  the  ground  water  and  cause  it  to  feed  the  streams  more  generously 
but  will  not  contribute  appreciably  to  stream  flow  by  means  of  surface 
run-off.  A  hard  rain,  on  the  contrary,  may  contribute  comparatively 
little  to  ground  water  but  will  wash  much  dirt  into  streams,  increase  their 
loads  of  suspended  matter,  and  dilute  their  dissolved  mineral  impurities. 
The  amount  and  character  of  impurities  in  water,  therefore,  depend  on 
numerous  conditions  and  are  derived  from  many  different  sources. 

Sanitarr  Ana^sis  of  Water.  A  sanitary  analysis  of  water  ordinarily 
conasts  of  physical  examination  for  temperature,  turbidity,  sediment, 
color,  and  odor;  microscopical  examination  for  nimiber  and  kinds  of  micro- 
scopic oi^anisms;  bacteriological  examination  for  total  number  and  niun- 
ber  of  certain  kinds  of  bacteria;  and  chemical  examination,  usually  includ- 
ing total  residue  on  evaporation,  loss  on  ignition,  fixed  solids,  alkaUnity, 
hardness,  chlorine,  iron,  nitn^en  as  albuminoid  ammonia,  nitrogen  a£  free 
ammonia,  nitrogen  as  nitrites,  nitrogen  as  nitrates,  total  organic  nitrogen, 
oxygen  consumed,  and  dissolved  oxygen.  Sanitary  analyses  in  connection 
with  field  examination  of  possible  sources  of  pollution  are  of  value  indus- 
trially'as  a  guide  to  qualityof  water  used  in  the  manufacture  of  food  products 
where  pollution  is  suspected,  and  are  particularly  useful  in  determining  the 
efficacy  of  purification  processes.  In  general,  however,  it  is  the  mineral 
rather  than  the  sanitary  quality  that  is  of  chief  industrial  importance. 
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Hinend  Analysis  of  Water.  A  mitieial  analysis  of  such  waters  bb  are 
cn<dinarity  used  for  industrial  purposes  includes  four  classes  of  water  im- 
purities: Suspended  solids,  colloidal  matter,  dissolved  gases  and  dissolved 
solids. 

Suspended  solids  include  all  organic  or  inorganic  matter  that  can  be 
removed  by  filtering.  This  material  is  complex  and  consists  of  many 
chemical  compounds  not  usually  determined  in  detail.  Two  determina- 
tions are  often  made,  turbidity  (Tu),  the  figures  for  which  indicate  the 
concentration  of  a  known  standard  suspended  matter  that  will  obscure 
just  as  much  light  as  the  water  under  consideration;  and  suspended  matter 
(Sm),  which  is  the  proportion  by  weight  of  the  suspended  sohds  in  the 
water.  The  ratio  of  suspended  matter  to  turbidity  is  caUed  the  coefficient 
of  fineness.  The  greater  the  value  of  this  coefficient,  the  greater  will  be 
the  average  weight  of  the  suspended  particles,  and  hence  the  greater  will  be 
the  ease  with  which  they  can  be  removed. 

Colloidal  matter  (Cm)  includes  for  the  most  part  silica  (SiOs),  alumina 
(AI2O3),  and  iron  oxide  (FejOa),  though  in  some  waters,  more  especially  pol- 
luted waters,  a  considerable  amount  of  organic  matter  may  be  present  in  the 
coUoidal  state.  In  a  mineral  analysis  colloidal  matter  is  not  distinguished 
as  mich,  but  the  three  principal  ctHuponents  are  determined  separately  as 
though  in  true  solution.  There  is,  in  fact,  always  some  doubt  as  to  whether 
the  oxides  in  coUcudal  state  or  radicles  in  solution  are  involved.  The  indi- 
vidual analysis  may  indicate  the  stete  of  these  substances;  otherwise,  it  is  a 
safe  rule  to  consider  their  being  present  as  colloids  when  that  will  produce 
the  most  undesirable  conditions  and  as  radicles  when  as  such  they  would 
be  most  undesirable. 

The  dissolved  gases  carbon  dioxide  (CO3),  hydrogen  sulphide  (H2S),  and 
ox3^nCO)  are  not  often  detennined,because  the  tests  to  be  of  value  must  be 
made  at  the  source  with  special  apparatus.  The  content  of  gases  in  stream 
waters  is  nece8sarily8mall,but  inground  waters  great  quantities  of  gases  may 
be  held  in  solution  and  their  industrial  importance  may  be  considerable. 

The  dissolved  solids  are  ordinarily  r^arded  as  forming  a  balanced 
system  (tf  chemical  values.  The  determinations  usually  made  are  shown  in 
the  following  table,  which  gives  also  the  combining  weigbte  and  reaction 
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coefficients  of  the  several  radicles  corresponding  to  the  atomic  •w&^ta  cl 
1917. 

The  alkali  radicles  are  usually  computed  and  reported  as  sodium,  the 
eeparation  of  the  other  radicles  of  the  group  being  omitted.  Since  sodium 
is  practically  always  75  per  cent  or  more  of  the  gix>up  and  the  aeveral 
members  have  similar  significance,  this  practice  can  not  be  seriously  con- 
demned for  most  industrial  purposes.  The  reported  result  in  parts  per 
million  is  really  the  sum  of  the  sodium  and  three-fourths  of  the  potassium. 
Calcium  and  magnesium  are  the  only  members  of  the  alkaline-earth  group 
ordinarily  reported,  the  others,  where  present,  being  found  in  relatively 
insignificant  proportion.  Manganese,  iron,  and  aluminimi  are  often 
determined  together  as  oxides  and  bo  reported.  Separation  of  these  con- 
stituents is  desirable.  Hydrogen  is  reported  as  representing  free  strong 
acids.  Acidity  is  sometimes  reported  in  terms  of  hydrochloric  acid,  sul- 
phuric acid,  or  calcium  carbonate.  Conversion  to  hydrogen  may  be  made 
frran  the  followii^  factOTs:  H  =  .0276,  HCl=.02m,  HaSO* - .0201,  CaCOa- 
Other  radicles  of  the  weak-base  group  are  seldom  reported,  bdng  ctf 
importance  chiefly  in  the  case  of  badly  polluted  or  mine  waters.  Chloride 
and  sulphate  radicles  are  reported  separately,  but  the  other  strong-acid 
radicles,  which  are  rarely  in  sufficient  proportion  to  be  of  great  industrial, 
importance,  are  generally  omitted.  The  weak-acid  radicles  are  generally 
determined  tt^^ether  by  the  "  alkalinity  "  titration.  Separation  of  free 
carbon  dioxide  (CO2),  half-bound  carbon  dioxide  (HCO3),  and  fully 
bound  carbon  dioxide  (CO3)  is  (^ten  attempted.  When  the  other  weak- 
acid  radicles  are  absent,  or  nearly  so,  as  is  often  the  case,  results  of  this 
kind  are  satisfactory,  but  the  possibility  of  the  presence  of  disturbing 
factors  should  be  borne  in  mind. 

There  are  a  number  of  so-called  industrial  methods  of  analysis  giving 
directly  such  qualities  of  water  as  total  hardness,  temporary  hardness,  and 
incrustants.  These  are  useful  approximations  but  they  will  not  be  given 
further  consideration  here  because  the  complete  mineral  analjrsis  gives 
more  definitely  the  information  afforded  by  such  testa  and  also  much 
valuable  infonnation  that  they  cannot  supply. 

Expression  of  Results.  Statement  of  analyses  in  hypothetical  combina- 
tions of  the  radicles  has  bad  a  vogue  in  American  water«upply  hterature 
but  is  being  gradually  superseded  by  statement  of  the  weight  of  the  rad- 
icles determined,  expressed  as  a  proportion  of  the  weight  or  volume  of  the 
solution  analyzed.  The  chief  value  of  the  hypothetical  combinations  is 
to  show  in  part  the  relative  reacting  value  of  radicles,  but  they  have  been 
computed  in  so  many  different  ways  that  their  meaning  is  uncertain. 
The  end  attempted  can  be  attained  to  far  greater  advantage  by  reporting 
reacting  values  (product  of  proportional  we^^t  and  reaction  coefficient; 
or  quotient  of  proportional  weight  divided  by  combining  weight)  along 
with  the  proportional  we^ts  of  the  radicles. 

Beat  modem  usage  favors  statements  of  the  proportional  weights  cd 
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OQDstitueDte  found  by  analysis  in  terms  of  miUigrams  of  constituent  per 
liter  of  water.  This  is  essentially  a  statement  in  parts  per  million  hy 
wdght  for  waters  suScientiy  dilute  to  be  used  for  industrial  puiposes 
and  is  <Aten  so  reported.  ConveraioQ  to  this  from  other  forms  that  have 
been  extensively  used  can  be  made  by  use  (A  the  following  factora: 

Vma  parts  per  hundred  thousand,  multiply  by 10.0 

fVom  grains  per  Imperial  gallon,  multipfy  by 14.3 

From  grains  per  U.  S.  gallon,  multiply  by 17. 1 

Fran  pounds  per  1000  U.  S.  gidlons,  multiply  by 120.0 

Quality  of  Water.  The  kind  and  relative  abundance  of  the  chooical 
constituents  determine  the  character  of  a  water,  and  the  ratio  of  their 
aggr^ate  weight  to  that  of  the  water  is  termed  its  concentration.  Char- 
acter and  concentration  tc^ether  fix  the  quality  of  water,  and  both  are  of 
industrial  importance.  An  analytical  statement  in  which  the  reacting 
values  of  the  several  radicles  are  expressed  as  a  per  cent  of  their  sum  is  aptly 
termed  the  "  character  formula  "  by  Palmer.'  It  is  similar  to  the  usual 
formula  of  a  chemical  compound,  except  that  it  is  on  the  reacting  value 
rather  than  the  molecular  scale.  Concentration  is  of  couree  eliminated  in 
the  character  formula.  Natural  waters  form  a  continuous  character  series 
blading  gradually  from  one  type  to  another.  Certain  points  of  demarca- 
tion are  especially  noteworthy,  however,  and  from  them  different  tyjjes  of 
waters  are  distinguished  as  follows: 

1.  Reacting  value  of  strong  acids  not  greater  than  that  of  the  alkalies. 
Waters  of  this  type  have  no  pennanent  hardness  and  are  therefore  readily 
and  cheaply  softened.  Most  though  not  all  of  them  are  of  compara- 
tively low  concentration  and  can  with  reasonable  assurance  be  expected  in 
re^ons  of  igneous  rocks. 

2.  Reacting  value  of  strong  acids  greater  than  that  of  alkalies,  but  not 
greater  than  that  of  alkalies  and  alkaline  earths.  Waters  of  this  type  are 
in  genfflal  derived  from  marine  sediments.  They  have  pennanent  hardness, 
and  therefore  are  relatively  unsuited  for  many  industrial  processes  and 
are  difficult  and  costly  to  soften.  They  are  as  a  rule  considerably  more 
concentrated  than  waters  of  the  preceding  class. 

3.  Reacting  value  of  strong  acids  greater  than  that  of  alkalies  and  alka- 
line earths.  These  are  acid  waters.  Moat  of  them  are  the  result  of  pollu- 
tion, are  the  drainage  from  mines,  or  are  derived  from  regions  of  volcanic 
activity.  They  are  likely  to  be  impr^nated  with  heavy  metals  and  are 
in  general  unsuited  for  industrial  processes.  Because  of  their  relatively 
rare  occurrence  they  need  be  given  little  consideration. 

The  foregoing  classification  is  extremely  broad.  In  connection  with 
special  problems  other  relations,  shown  by  the  character  formula,  may  be 
important  and  lead  to  further  detailed  classification.  Relative  content  of 
sulphate  or  of  magnesium,  tendency  to  form  soft  scale  or  hard  scale,  to 

'  Palmer,  Chaae:  The  Geochemical  laterpretation  of  Water  AnalyBea,  BuU.  479, 
D.  S.  Getdogictd  Survey. 
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corrode  metal  containers  or  v^etable  fibers,  to  foam,  to  harden  or  soften 
foods  in  cooking,. etc.,  are  all  matters  of  importance  that  may  be  deduced 
without  difficulty  from  the  character  fonnula.  Concentration  must  also  be 
considered  tn  estimating  the  extent  of  action  to  be  expected  in  line  with  the 
several  tendencies  indicated  by  character. 

The  following  table  includes  analyses  of  typical  waters,  showing  reacting 
values  and  character  formulaa.  Waters  of  concentration  sufficiently  low 
to  be  available  for  general  industrial  uae  were  purposely  selected  for  these 
typical  analyses. 
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Industrial  Aspects  of  Important  Constituents.  Suspended  matter  is 
harmful  in  most  industrial  processes.  It  is  visible,  however,  and  there- 
fore the  effects  are  readily  observed,  and  the  degree  of  purification  ob- 
tained by  any  method  of  treatment  is  easily  seen.  Suspended  matter  may 
be  considered  chemically  inert,  tmd  its  effects  are  essentially  the  mechanical 
effects  of  (wdinary  dirt.  Mechanical  inteiference  with  such  processes  as 
dyeing,  bleaching,  anci  scouring,  and  discoloration  of  the  products  of  man- 
ufacture are  chief  effects  of  using  turbid  water.  The  methods  used  for  puri- 
fying water  with  respect  to  other  subeUinces  are  usually  effective  in  remov- 
ing suspended  matter,  so  that  no  special  treatment  is  required  except  when 
other  purification  is  unnecesary.  City  water  supphes  are  often  treated 
primarily  to  clarify  them.  F^tration  preceded  by  coagulation  is  always 
effective,  though  filtration  alone  often  fails  to  remove  fine  particles  of  clay. 

Colloidal  matter,  like  suspended  matter,  is  chemically  inactive.  Alumina 
is  too  little  in  quantity  and  too  innocuous  to  warrant  treatment.  Iron 
oxide  may  precipitate  and  leave  the  characteristic  reddish-yellow  stain. 
Sihea,  which  is  a  relatively  important  constituent  of  soft  waters  of  low 
concentration,  is  not  particularly  deleterious,  though  it  is  likely  to  precip- 
itate. It  slowly  fonns  a  hard  porcelain-like  scale  on  tubes  of  boilers  oper- 
ated at  high  pressure  and  may  thus  cause  serious  trouble.  No  special 
methods  for  the  removal  of  silica  have  been  developed.  It  is  decreased, 
however,  by  filtration,  water  softening,  and  most  other  methods  of  treat- 
ment. 

Dissolved  carbon  dioxide  is  ^nesent  in  practicaUy  aU  waters,  beii^  low  in 
streams  and  very  high  in  some  ground  waters.  This  substance  is  an 
aid  to  corrosion  of  well  casingB,  pipes,  boilers,  etc.  It  is  removed  by  heating 
or  by  treatment  with  caustic  time  or  other  suitable  chemical.  Hydrogen 
sulphide,  even  in  amaU  quantity,  is  easily  detected  by  its  characteristic  odor 
of  rotten  ^gs..  It  occius  in  badly  polluted  streams  and  in  many  ground 
waters,  though  probably  a  anall  per  cent  of  the  well  waters  in  the  United 
States  contain  it.  like  carbon  dioxide  it  is  an  aid  to  corrosion.  By  reason 
of  the  fact  that  it  forms  dark-colored  precipitates  with  many  chemicals  it 
is  deleterious  in  many  industrial  processes.  Treatment  with  chemicals  or 
by  heating  removes  it  effectively.  Oxygen  is  in  solution  in  practically  all 
waters.  It  may  be  removed  by  heating.  It  is  an  aid  to  corrosion  but  is 
otherwise  generally  innocuous. 

Sodium  and  potassium  are  constituents  of  nearly  all  rocks  and  are  present 
in  all  natural  waters.  The  content  of  sodium  is  increased  by  several  sys- 
tems <rf  water  treatment.  Potassium  rarely  has  more  than  a  fourth  to  a 
third  the  concentration  of  sodium.  The  compounds  of  these  alkalies  are 
readily  scduble  and  therefore  they  are  relatively  important  constituents  of 
aU  highly  concentrated  waters.  Happily  they  are  detrimental  in  but  few 
industrial  processes.  Concentration  in  boilers  leads  to  foaming,  and  dilu- 
tion must  be  accomplished  by  "  blowing  off "  the  excess  of  concentrated 
water  and  replacing  it  with  fresh.    Tliis  of  course  results  in  material  loss  of 
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heat.  Concentration  of  sugaj-  waters  in  refining  sugar  tends  to  produce 
liquors  high  in  content  of  alkalies.  If  the  proportion  of  alkalies  to  BUgar  is 
great,  interference  with  crystallization  and  waste  of  sugar  by  retention  in 
Uie  mother  liquor  result.  Distillation  is  the  only  practical  method  of 
purifying  water  with  respect  to  sodium  and  potassium. 

Calcium  and  magnesium  radicles  are  among  those  most  widely  distrib- 
uted in  nature.  They  are  present  in  greater  or  less  proportion  in  nearly  all 
natural  waters,  giving  to  them  the  property  commonly  known  as  hardness. 
Hardness  may  be  defined  as  soap-consuming  power  or  capacity  to  prevent 
soap  forming  a  lather  in  water.  The  use  of  water  and  soap  is  necessaiy 
in  all  waahii^  and  scouring  processes.  Waste  of  soap  in  overcoming  hard- 
ness before  a  lather  is  formed  and  before  action  on  material  to  be  washed 
can  begin  is  a  material  element  of  expense  in  such  processes.  Moreover, 
calcium  and  magnesium  form  insoluble  curd-like  compounds  with  soap 
that  cUng  to  fabrics  and  interfere  with  washing  processes.  When  water 
is  heated  calcium  tends  to  precipitate  as  the  carbonate  or  sulphate  and 
magnedum  as  the  carbonate  or  hydrate.  The  tendency  to  precipitate  on 
heating  renders  calcium  and  m^nesium  undesirable  constituents  of  water 
for  all  industrial  processes  in  which  water  is  heated  or  is  used  for  cooling 
purposes.  The  industrial  effects  are  discussed  in  detail  in  connection  with 
several  industries.  Removal  is  ordinarily  accomplished  by  water-softenii^ 
processes  combined  with  filtration. 

Hydrogen  and  weak-base  radicles  in  general  are  undesirable  constit- 
uents in  industrial  waters  chiefly  because  of  the  accompanying  tendency  . 
to  corrosion.  The  constituents  of  this  group  have  but  a  weak  hold  on 
the  acid  radicles  of  the  system  of  dissolved  soUds  and  are  therefore 
specially  susceptible  to  reactions  in  which  they  are  deposited  or  otherwise 
removed  from  the  system  and  replaced  by  other  constituents.  Solution 
fA  many  of  their  compounds  is  accompanied  by  hydrolysis  and  ionization 
in  such  relation  as  to  impart  an  acid  reaction  to  the  solution.  The  de- 
posited constituents  as  well  as  acidity  are  harmful  in  many  industrial 
processes.  This  is  particularly  tnie  of  iron  which  leaves  dark  stains  that 
are  very  difficult  to  reirwve.  In  paper-making,  textile-manufacturing,  and 
preparation  of  beverages  ferruginous  waters  are  specially  undesirable.  In 
general,  water-softening  processes  are  effective  in  removing  constituents 
of  this  group.  Aeration  and  filtration  through  artificial  zeoUtes  axe 
important  methods  of  removing  iron  and  manganese. 

Nitrates  are  seldom  prominent  constituents  of  waters  and  are  in  gen- 
eral derived  from  the  oxidation  of  organic  matter.  They  are  oxidizii^ 
agents  and  on  this  account  are  deleterious  in  many  industrial  processes, 
thoi^h  on  account  of  their  relatively  smaU  concentration  they  are  often 
ignored. 

Chlorides  are  present  in  practically  all  waters,  and,  since  the  chlorides 
of  bases  found  in  water  are  very  soluble,  the  chloride  radicle  is  a  prominent 
constituent  of  neariy  all  very  highly  concentrated  waters.    Chlorides  in 
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3  treating  foodstuffs  or  beverages  tend  to  give  a  salty  taste  and 
excessive  smoimts  must  therefore  be  avoided.  They  affect  organic  matter 
and  hence  interfere  with  tanning,  malting,  fermentation,  and  other  pro- 
cesses dealing  with  organic  matter.  Chlorides  can  be  effectively  removed 
only  by  distillation. 

Sulphates  are  tiiought  to  be  derived  chiefly  from  oxidation  of  sulphur 
and  sulphides.  Th^  are  most  noteworthy  in  regions  of  sedimentary  rocks 
and  th^  are  directly  traceable  to  deposits  from  sea  water.  Sulphates 
are  undesirable  constituents  of  boiler  waters  but  are  advantageous  in 
processes  of  tsjining  and  brewing.  The  ordinary  processes  of  water  treat- 
ment do  not  remove  them.  Precipitation  with  barium  carbonate  Is 
effective  and  distillation  may  be  resorted  to  as  an  extreme  remedy. 

Carbonates  and  btcarbonates  can  be  reduced  in  hard  waters  by  beating 
or  by  the  tnoceeses  of  water  softening.  Treatment  with  strong  acids  is 
effective  but  is  only  of  use  in  connection  with  a  few  processes.  Carbonates 
in  irrigation  water  are  sometimes  corrected  by  the  use  of  gypsum  or  land 
{daster.  In  most  industrial  watei«  the  bicarbonate  is  the  dominant  add 
radicle  and  in  moderate  concentration  is  harmful  in  but  few  processes. 
Other  weak-acid  radicles  are  not  of  great  industrial  importance. 

Water  for  Steam-maUng.  The  chief  industrial  use  of  water  is  steam- 
making.  The  cost  of  softening  water  by  the  lime-soda  process  is  a  taiAy 
reliable  index  to  its  value  for  this  and  many  other  industrial  purposes. 
The  cost  for  softening  is  the  sum  of  two  figures — cost  for  lime  and  cost  for 
soda  ash,  the  former  being  about  one-fourth  the  latter.  In  a  general  way, 
the  amount  of  lime  required  varies  with  the  amount  of  least  objection- 
able impurities,  while  the  amount  of  soda  ash  required  varies  with  the 
quantity  of  impurities  most  deleterious  in  character.  If,  therefore,  the 
ill  effects  of  the  latter  class  may  be  assumed  as  four  times  those  of  the 
fonner,  the  relative  cost  of  chemicals  for  softening  waters  will  represent 
their  relative  objectionableness  with  a  fair  degree  of  accuracy. 

The  customary  method  of  interpreting  the  value  of  a  water  for  boiler  - 
use  is  based  on  its  tendency  to  cause  foaming,  corrosion,  and  incrustation. 
Such  interpretation  is  usually  made  from  the  hypothetical  combination  of 
the  radicles  as  salts,  judgment  of  the  tendencies  of  these  salts  being  made 
in  accordance  with  our  knowledge  or  theories  of  boiler  physics.  Un- 
fortunately our  knowledge  ie  rather  restricted  though  our  theories  are 
nomerouB.  It  follows  that  the  interpretation  cannot  always  be  expressed 
in  very  definite  terms  and  if  so  expressed  is  Hable  to  error. 

Foaming  and  Priming.  Foaming  and  priming  are  probably  the  least 
understood  of  boiler  phenomena.  Priming  may  be  defined  as  an  ebulUtion 
BO  violent  that  water  in  the  form  of  spray  is  carried  from  the  boiler  b^ore 
ita  separation  from  the  steam  can  take  place.  It  is  controlled  t^  the  rela- 
tions  of  heatii^  surface,  evaporation  surface,  circulation,  and  workii^  load, 
all  of  which  are  factors  <^  the  violence  and  rapidity  of  ebullition,  and  by 
such  features  as  dafib  plates,  water  apace,  and  steam  space,  all  of  which 
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affect  tile  pofisibility  of  violently  boiling  water  reaching  the  steam  cxit& 
Priming,  as  thus  defined,  is  s  matter  of  boiler  design  and  operation. 

Foaming  ia  the  formation  of  bubbles  upon  and  above  the  surface  of 
the  water.  The  less  easily  these  bubbles  break  the  higher  will  the  foam 
rise.  Jt  may  become  so  excessive  that  the  bubbles,  or  films  of  water  inclos- 
ii^  steam,  pass  out  with  the  steam. 

Naturally  priming,  or  a  tendency  to  prime,  is  an  imporiiint  factor  in 
excessive  foamii^.  Aside  from  this,  the  difficulty  with  which  the  tteam 
pu^es  through  the  (<urface  film  of  water  and  separates  from  it  is  a  control- 
Ung  agency.  With  nearly  pure  water  foaming  is  very  slight  and  never 
sufficient  to  cause  the  loss  of  water  with  steam  in  a  well-designed  boiler. 
Nearly  all  impurities  dissolved  or  suspended  in  water  increase  the  foamii^ 
tendency,  though  no  two  substances  may  do  so  to  the  same  degree.  As 
steam  is  used  from  the  boiler  the  impurities  are  concentrated  and  finally 
a  stage  is  reached  which  will  cause  excessive  foaming.  If,  therefore,  the 
quantity  of  impurities  and  the  effect  of  each  were  known,  the  calcula- 
tion of  the  foaming  tendency  of  a  water  would  be  a  simple  matter.  Un- 
fortunately, our  knowledge  of  this  department  of  boiler  physics  is  very 
slight.  It  is  practically  impoeaible  to  determine  the  quantity  of  sus- 
pended matter  in  a  boiler  at  any  time.  Suspended  matter  originally 
present  in  the  water  is  largely  precipitated,  while  additional  suspended 
matter  is  derived  from  loosened  scale  and  from  the  precipitation  of  impur- 
ities in  solution  in  the  feed  water.  Organic  matter  holds  a  similar  indef- 
inite place  in  connection  with  foaming  calculations  because  a  large  but 
unknown  proportion  is  precipitated.  It  is,  however,  usually  present  in 
relatively  small  amount  in  boiler  waters.  Although  both  these  classes  of 
substances  are  undoubtedly  important,  the  effect  of  precipitated  mag- 
nesium b^g  especially  noteworthy,  their  role  in  inducing  foaming  can- 
not, therefore,  be  calculated  from  an  analysis  of  boiler  feed  water.  For 
this  reason  and  because  all  other  dissolved  substances  are  relatively  in- 
significant in  amount  in  a  highly  concentrated  boiler  water  it  is  generally 
customary  to  attribute  foaming  to  sodium  and  potassium  salts.  These 
substances  are  highly  soluble  and  their  relative  importance  in  different 
waters  is  easily  determined  from  analyses.  The  expression  2.7Na+2K 
will  represent  these  salts  generally  within  5  per  cent  and  always  within  15 
per  cent.  It  will  correspond  very  closely  to  the  "  non-incrusting  Bohds  " 
usually  estimated  from  hypothetical  combinations  and  is  sufficiently  accu- 
rate for  practical  use.  Since  these  compounds  are  at  best  a  rough  approxi- 
mation of  the  foaming  tendency  of  a  water,  nothing  would  be  gained  by  the 
use  of  a  more  cumbersome  expression  from  which  they  could  be  more 
acciu^tely  estimated.    The  following  formula  may,  therefore,  be  adopted: 

'Foaming  coefficient/=62rNa+78rK  =  2.7Na-f-2K. 
>Tbe  letter  "r"  in  coDoection  with  tlie  eymbolof  a  ndicle  Kgnifiee  reacting  value. 
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It  is  to  be  hoped  that  investigation  may  lead  to  a  better  understanding 
of  this  phenomenon  and  hence  to  a  more  reliable  index  to  the  foamii^ 
tenden<7  of  waters. 

The  steam  engineer  is  interested  mcHe  in  the  number  of  hours  his  b(Mler 
may  be  nm  under  ordinary  loa,d  without  danger  of  foaming  than  in  the 
coefficient  given  above.  This  is  really  a  combined  index  of  priming  and 
foaming  and  may  be  calculated  from  the  fonnula: 


Rim  in  hours:  BA=t 
0 


(7-'). 


in  which  a = water  -capacity  of  boiler,  b  -  hourly  quantity  of  feed  water  used, 
/^foaming  coefficient,  and  c  is  a  constant  which  represents  in  parts  per 
million  the  concentration  of  salts  that  will  cause  excessive  foaming  in  the 
type  of  boiler  under  consideration. 

The  usual  remedy  for  foaming  is  blowing  off  a  portion  of  the  highly 
impure  water  and  replacing  it  with  freah  feed  water.  If  a  in  the  foregoii^ 
fonnuta  be  made  to  represent  the  amount  of  water  blown  off  at  any  time, 
the  expresdoQ  will  indicate  the  length  of  time  that  may  with  safety  elapse 
before  blowing  off  again. 

The  following  approximate  values  have  been  determined  for  the  con- 
stant c  for  various  types  of  boUeis  and  are  here  adapted  from  Christie's 
"  Boiler  waters." 

Locomotive  boiler -  2,500  to  3,500 

Stirling  boiler 4,000  to  5,000 

Modem  water-tube  boiler  (such  as  the  Babcock  &  Wilcox  or 

Heine) 5,000  to    7,000 

Horisontal  return  tubular  boiler 8,000  to  10,000 

Old-style  two-flue  boiler 17,000 

Frwn  these  figures  it  appears  that  the  locomotive  boiler  is  the  type 
most  likely  to  give  trouble  on  account  of  foaming  and  offers,  therefore,  a 
satMactoiy  basis  for  an  arbitrary  classification  of  waters  according  to 
their  foaming  tendency.  A  non-foaming  water  may  be  defined  as  one  tliat 
can  be  used  in  a  locomotive  boiler  throughout  one  week's  work  without 
foaming;  a  aemifoaming  water  as  one  that  cannot  be  used  so  long  as  a 
week,  but  one  that  will  require  one  complete  water  change  to  avoid  foaming 
in  a  loctwnotive  boiler  not  oftener  than  every  two  days;  and  a  foaming 
water  as  one  that  cannot  be  used  so  long  as  two  days  in  a  locomotive 
boiler  without  blowing  off  or  changing  water  to  prevent  foaming.  Accept- 
ing these  conditions,  the  following  approximate  classification  of  waters  will 
result: 

Non-foaming;  /  not  greater  than  60. 

Semifoaming;  /  greater  than  60,  but  not  greater  than  200. 

Foaming;  /  greater  than  200. 
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COTTodon.  Corrosion  of  a  metal  will  occur  in  the  presence  of  watet  if 
tlie  metal  is  capable  of  replacing  any  ba^c  radicle  in  the  chemical  system 
which  the  dissolved  matter  in  the  water  constitutes.  The  radicle  thus 
replaced  may  pass  from  solution  as  a  precipitate  or  a  gas.  In  boiler  cor- 
roaon  the  metal  to  be  considered  is  the  iron  of  the  boiler.  The  radicle 
which  it  may  replace  in  the  chranicat  system  of  dissolved  solids  is  hydrc^n, 
which,  when  so  replaced  leaves  the  chemical  system  as  hydrogen  gas.  It 
follows  that  the  amount  of  hydrogen  radicle  in  the  chemical  ^yst^n  under 
boUer  conditions  is  the  controlling  factor  of  corrosion.  The  calculation  of 
this  factor  can  be  made  with  a  fair  degree  of  accuracy.  Under  boiler  con- 
ditions the  dissolved  gases  are  driven  out  with  the  steam.  Therefore, 
althot^  some  of  these  substances  are  prominent  aids  to  corrosion  when 
confined  they  we  omitted  from  consideration  here. 

Hydrt^n  radicle  as  determined  by  analysis  is  the  first  item.  It  may 
be  the  cause  of  corrosion  in  the  cold  or  under  boiler  conditions.  To  this 
may  be  added,  as  a  result  of  the  high  temperature  in  a  boiler,  three  mole- 
cules of  hydrogen  for  each  molecule  of  aluminum,  two  of  hydrogen  for 
one  of  iron,  and  two  of  hydrogen  for  one  of  magnesium.  The  reactions 
involved  may  be  represented  by  the  following  equations: 

2AI+3H20=Al203+6H; 

Fe+HaO     =FeO+2H; 

Mg+H20    =MgO+2H. 

These  reactions  probably  do  not  occur  in  just  this  way,  but  they  express 
well-known  results.  There  are  other  reactions  that  may  cause  an  increase 
in  the  amount  of  hydrogen  radicle.  While  they  will  not  be  considered 
in  the  calculations  which  follow,  the  three  given  below  are  of  interest  as 
expressing  possibilities: 

2  Fe-f-3H30=Fe203-|-6  H; 

3  Fe+4H80=Fe304-H8  H; 
SiOa+HgO  =Si03+2H. 

In  all  of  these  equations,  except  the  last,  the  hydrogen  is  represented 
as  being  brought  into  the  chemical  system  to  replace  a  radicle  precipitated 
as  an  oxide.  In  the  last  equation  hydrogen  and  silicate  radicles  are  both 
brought  into  the  system.  In  all  cases,  of  course,  the  equilibrium  between 
basic  and  acid  radicles  in  the  system  must  be  maintained. 

Opposed  to  these  reactions  increasing  the  amount  of  hydrogen  are 
others  tending  to  decrease  it.  Thus  under  boiler  conditions  each  molecule 
of  carbonate  radicle  may  combine  with  two  molecules  of  hydrogen  and 
each  molecule  of  bicarbonate  radicle  with  one  molecule  of  hydrt^en  to 
form  water  and  the  gas  carbon  dioxide.  This  is  illustrated  by  the  following 
equations; 
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H+HC03  =  H20+CO2; 
2H+C03  =  H20+C02. 

Thus  basic  and  acid  radicles  leave  the  chemical  syetem  together. 

The  carbon  dioxide  bo  formed  will  pass  off  with  the  steam. 

The  two  sets  of  phenomena  may  be  combined  to  represent  the  residual 
hydrogen  likely  to  be  replaced  in  the  chemical  system  by  iron  from  the 
boOer,  as  follows: 

Coefficient  of  ccHToeion: 

c-l.OOSCrH+rAl+rFe+rMg-rCOa-rHCOa) 
=  H+0.1116Al+0.0361Fe+0.0828Mg-0.0336CO3-0.0165HCOa. 

One  of  the  first  occurrences  in  a  boiler  is  the  precipitation  of  at  least  a 
part  of  the  carbonate  and  bicarbonate  iadicles  as  calcium  carbonate.  Such 
precipitate  can  be  acted  upon,  the  calcium  being  returned  to  the  chemical 
system  to  replace  the  hydrogen  which  forms  water  and  carbon  dioxide  with 
the  carbonate  radicle.  The  extent  of  such  action  is  not  well  defined. 
In  case  of  maximum  precipitation  of  calcium,  carbonate  and  bicarbonate 
radicles  in  the  above  formula  may  be  reduced  by  1.008  rCa  or  0.0503  Ca. 
The  for^^ing  considerations  afford  an  excellent  basis  for  the  classifica- 
tion of  waters  according  to  their  corrosive  tendencies.  Three  classes  may 
be  distinguished  as  follows: 

Corrosive.     If  c  be  positive,  the  water  will  certainly  corrode  the  boiler. 

Non-corrosive.  If  c+0.0503  Ca  be  negative,  no  corrosion  will  occur 
on  account  of  the  mineral  constituents  in  the  water. 

Semicorrosive.  If  c  be  n^ative,  but  c+0.0503  Ca  be  positive,  cor- 
rosion may  or  may  not  occur,  the  probability  of  corrosive  action  varying 
directly  with  the  value  of  the  expression  c+0.0503  Ca. 

Scale  FmnatuuL  The  formation  of  scale  and  sludge  in  boilers  is  the 
most  common  effect  of  the  use  of  impure  feed  water.  This  phenomenon  is 
the  result  of  heating  the  water  to  a  high  temperature  and  concentrating  it. 
The  heat  reduces  the  solubility  of  many  of  the  dissolved  substances  to 
such  an  extent  that  they  leave  the  chemical  system.  Concentration  may 
gradually  increase  the  amount  of  dissolved  matter  to  saturation,  after 
which  additional  concentration  will  cause  it  to  pass  out  of  solution.  Sus- 
pended matter  and  colloidal  matter  are  also  largely  deposited  within  the 
boiler. 

The  purest  of  natural  waters,  if  used  in  a  boiler  for  a  great  length  of 
time  without  cleaning,  would  produce  scale  or  sludge.  Aa  boilers  are 
usually  operated,  temperatures  and  concentrations  are  pennitted  which  re- 
sult in  the  precipitation  of  practically  all  suspended  and  colloidal  matter; 
all  iron,  aluminum,  and  magnesium;  and  all  calcium  to  the  full  extent  of 
its  ability  to  combine  with  carbonate,  bicarbonate,  and  sulphate  radicles. 
The  iron,  aluminum,  and  magnesium  appear  in  the  scale  as  oxides  (magne- 
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sium  carbonate  may  be  present,  but  is  Dot  likely  to  be  found  in  quantity 
in  scale  from  high-pressure  boilers),  while  the  calcium  may  be  present 
as  calcium  carbonate  or  calcium  sulphate  (a  hydrated  calcium  sulphate  fre- 
quently occurs,  but  in  the  modern  hi^-pressure  boiler  it«  quantity  is  suf- 
ficiently small  to  be  n^ected).  Whether  these  results  are  caused  by  a 
series  of  reactions  or  by  a  single  chemical  change  is  of  little  moment  in 
connection  with  boiler  calculations.  The  following  reactions,  therefore, 
are  presented  not  as  formulas  for  the  changes  which  actually  take  place, 
but  as  equations  which  express  the  known  results  of  changes  that  occur 
within  the  boiler; 

2AI+3H2O  =Al203+6H; 

Fe  +H20  =FeO-f-2H;. 

Mg+H30  =MgO+2H; 

Ca  +CO3  =CaCOa; 

Ca  +2HCO3=CaCO3+H2O+C0ai 

Ca  +SO4  =CaS04; 

H    +HCO3  =H30+C02; 

2H  +CO3  =H20+C02. 

The  hydrogen  in  the  last  two  equations  may  include  not  only  the 
hydrogen  radicle  found  by  analysis,  but  also  that  developed  by  the  first 
three  equations.  In  other  words,  it  is  c,  the  coefficient  of  corrosion.  An 
estimate  of  the  amount  of  scale  formed  is  necessarily  rather  uncertain. 
The  firet  three  reactions  may,  without  great  error,  be  assumed  to  be  prac- 
tically complete.  The  division  of  carbonate  and  bicarbonate  radicles  be- 
tween calcium  and  hydrogen,  and  the  division  of  calcium  between  carbonate 
and  sulphate  radicles,  are  not  definitely  known  and  probably  vary  with 
different  conditions  of  boiler  operation.  On  this  account  it  would  seem 
desirable  to  estimate  maximum  and  minimum  values  for  scale  fonred  by 
calcium  compounds,  but  the  difference  between  maximum  and  minimum 
values  is  small  in  nearly  every  instance,  and  does  not  warrant  the  use  of  the 
necessarily  cumbersome  formulas.  Calculations  based  upon  a  formula 
that  represents  a  probable  average  scale-fonning  value  are  relatively  sim- 
ple, and  it  is  believed  that  th^  are  of  as  great  practical  value  as  the  maxi- 
mum and  minimum  formulas.  In  order  to  conform  to  common  usage  the 
formula  is  in  terms  of  pounds  of  scale  per  1000  gallons  of  water; 

Scale  (Sc) 

=  0.00833  Sm+0.00833  Cm+0.3  rFe+0.142  rAH-0.168  rMg+0.492  i€a 


=  0.00833  Sm+0.00833  Cm+0.0107  Fe+0.0157  AH-0.0138  Mg 
+0.0246  Ca. 


;,Coogle 
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In  thia  fonnula  the  value  of  rCa  used  should  not  be  in  excess  of  rCOg 
+rHC03+rS04.  (Ca  should  not  exceed  0.668  CO8+0.328  HCO3 
+0.417  SO4). 

This  fonnula  for  scale  shows  the  amount  of  scale  and  sludge  likely  to  be 
deposited  in  a  boiler  operated  under  the  usual  conditionB  of  modern  prac- 
tice and  its  value  will  never  differ  widely  from  the  "  total  incrusting  mat- 
ter "  frequently  reported  from  an  estimation  of  hypothetical  combinatiooa 
of  radicles.  It  is  of  importance  to  know  whether  the  matf«r  deposited 
will  form  a  bard  scale.  The  foUowing  formula  shows  in  poimds  per  1000 
gallons  the  probable  amount  of  hard'-ecale  forming  material  in  the  scale: 
Hard  bcale  (Hb) 

=0.00833  SiOa-l-0.168  rMg+0.567  (rCl+rSOi-rNa-rK) 

-0.00833  SiO2-|-0.0138  Mg-|-(0.016CH-0.0118  SOi-0.0246  Na 
-0.0145  K). 

Hie  value  used  for  the  parenthesis  of  this  formula  must  not  exceed  rS04 
or  rCa  (0.0118  SO4  or  0.0283  Ca  in  the  second  form)  nor  should  it  be  tees 
than  zero.  The  one  or  the  other  of  the  limiting  values  should  be  used 
when  the  calculated  value  for  the  expression  in  parentheses  does  not  fall 
between  them. 

Dividing  the  value  of  formula  for  hard  scale  by  the  formula  for  scale,  a 
factor  will  be  obtained  which  may  be  called  the  coefficient  of  scale  hard- 
ness. This  factor  shows  the  proportion  of  the  total  scale  that  is  hkely  to 
form  a  cement-hke  substance  upon  the  boiler  tubes  and  is  therefore  an 
index  to  the  probable  hardness  of  the  scale  that  will  be  deposited.     Thus: 

Coefficient  of  scale  hardness,  k  =  -^. 

From  the  foregoing  formulas  waters  may  be  classed  as  follows: 

Soft  scale:  A  not  more  than  0.25. 

Medium  scale:  h  more  than  0.25,  but  not  more  than  0.5. 

Hard  scale:  h  more  than  0.5. 

In  addition,  the  following  classification  may  be  used  as  a  prefix  to  the 
preceding: 

Very  httle:  Sc  not  more  than  1. 

little:  Se  more  than  1,  but  not  more  than  2. 

Much:  Sc  more  than  2,  but  not  more  than  4. 

Very  much:  Sc  more  than  4. 

"Hie  committee  on  water  service  of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association  have  offered  a  classification  of  waters 
in  their  raw  state  that  may  be  employed  for  approximate  purposes,  but, 
OB  their  report  states,  "  it  is  difficult  to  define  by  analyos  sharply  the  line 
between  good  and  bad  water  for  ateam-makii^  purposes." 
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APPROXIMATE  CLASSIFICATION  OF  WATERS  FOR  BOILER  USE 


CoiutiCuetiU.' 
PoQDd.  per  ThoumDd  O^ons. 

Clueifiea- 
Uon. 

Mora  tbu 

Not  more  tUn 

OS     " 

1.7 

3.7 

OS 
1.7 
3.7 

6.7 

Good 
Fair 
Poor 
Bad 

tio^ 

Moretluui 

Not  more  Uum 

1.2 
2.1 
3.3 

Good 
Fair 
Bad 
Very  bad 

1.2 
2.1 
3.3 

The  limit  of  0.8  pound  of  incrusting  and  corroding  conetituenta  for  the 
clasB  of  good  waters  restricts  perfectly  acceptable  natural  waters  to  a  small 
number,  but  the  choice  of  that  figure  was  probably  influenced  by  the  fact 
that  the  incrustants  in  poorer  waters  can  usually  be  reduced  by  proper 
treatment  to  that  amount.  The  limits  must  be  interpreted  Lberally  in 
practice,  because  they  are  modified  by  the  comparative  hardness  of  the 
incrustation  and  the  different  extent  of  corrosion  effected  by  waters  of 
the  same  mineral  content  but  of  different  chemical  composition.  Waters 
of  the  worst  class  may  be  improved  by  treatment  in  softening  plants. 

Water  for  Brewing  and  Distilling.  Brewing  is  an  industry  which  for 
ideal  results  requires  a  water  of  rather  unusual  character,  in  that,  other 
things  being  equal,  a  water  in  which  large  amounts  of  calcium  sulphate 
have  been  dissolved  produces  the  highest  grade  product.  Of  course  the 
water  for  brewing  must  confonu  to  the  rather  rigid  standards  of  a  potable 
supply  with  r^ard  to  its  organic  and  bacterial  content.  This  is  as  im- 
portant to  the  manufacturer  as  to  the  consumer.  Organic  matter  decom- 
poses during  the  malting  or  germination  of  the  barley,  causing  defective 
malting  or  tendencies  to  moldiness,  and  may  injure  the  proper  fermentar 
tion  of  the  wort  obtained  from  such  malting.  Bacteria  and  microscopic 
plants  are  troublesome  constituents  which  produce  false  fermentation  of 
the  wort  with  detrimental  and  variable  results  in  the  taste  of  the  product. 
The  same  care  should  be  exercised  in  washing  casks  and  utensils  in  beer 
making  as  in  cleansing  milk  cans,  etc.,  namely,  to  use  a  water  free  from 
organic  matter,  bacteria,  and  micro-organisms;  otherwise  the  impurities 
which  adhere  to  the  casks  may  spoil  the  keeping  qualities  of  the  beer. 

When  the  wort  is  boiled,  organic  matter  in  the  water  tends  to  produce 
a  darker  beer  than  that  produced  with  water  from  which  the  organic  matter 
has  been  properly  eliminated.  The  decompogition  products,  nitrites  jand 
nitrates,  effect  the  unfavorable  growth  of  the  Renard  ferment,  whichds  a 
disease  of  beer,  spoihng  its  keeping  qualities.  In  the  presence  of  these 
radicles  the  wort  often  assumes  a  reddish  color  and  the  beer  has  an  acrid 
taste. 

R^arding  the  mineral  constituents  there  is  considerable  diversity  o£ 
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opinion.  Soft  waters  effect  more  rapid  swelling  of  the  grain  but  also  dis- 
solvB  more  of  the  extractive  matter  than  do  hard  waters.  The  latter 
during  steeping  cause  the  formation  of  insoluble  protein-lime  compounds 
which  diminish  the  yield  of  soluble  albuminoid  matter,  but  a  water  high  in 
its  content  of  calcium  and  sulphate  is  valuable  in  clearing  the  wort.  A 
hardness  ranging  from  100  to  250  parts  per  million  seems  to  give  satis- 
factory results. 

A  moderate  amount  of  iron  can  be  tolerated  but  the  best  results  are 
obtained  with  no  iron  present  for  it  forms  an  insoluble  compound  with  the 
diastase  which  interferes  with  proper  manufacture  of  beer.  A  greenish 
color  due  to  the  foimation  of  a  tannate  of  iron  is  frequently  developed, 
while  bad  tastes  and  odors  are  not  uncommon  phenomena  as  a  result  of 
brewing  with  ferruginous  waters.  Calcium  may  or  may  not  have  a  harm- 
ful effect  in  brewing  depending  on  what  part  of  the  process  is  considered 
and  what  acid  radicles  and  their  amounts  are  present  with  the  metal. 
A  certain  amount  of  calcium,  especially  when  considerable  sulphate  is 
also  present,  is  advantageous,  but  when  carbonates  are  predominant  the 
wort  assumes  an  intense  red  color,  the  malt  and  hops  are  acted  on  and 
proper  fermentation  is  prevented. 

Beer  owes  its  keeping  qualities  to  a  natural  acidity  developed  in  brew- 
ing, but  if  carbonates  are  present  in  large  amount,  this  acidity  is  neu- 
tralized and  the  beer  is  liable  to  spoil.  Phosphoric  acid,  an  important 
food  for  the  yeast,  is  extracted  from  the  grain.  Carbonates  neutralize 
this  acid  or  acid  salt,  precipitate  it  -as  calcium  phosphate  no  longer  avail- 
able for  assimilation  by  the  growing  yeast  plants.  Waters  contaimng 
predominant  amounts  of  calcium  and  sulphate  radicles  have  the  advan- 
tf^  over  those  containing  hke  amounts  of  calcium  and  carbonate  radicles 
that  little  trouble  is  experienced  with  the  formation  of  precipitates  on 
boiling.  The  former  effect  a  better  coagulation  of  the  albuminoid  bodies 
and  the  production  of  a  beer  which  keeps  well.  Very  Uttle  phosphate  is 
preci[dtated  and  as  a  result  nearly  all  is  available  for  assimilation  by  the 
yeast.  Other  advantages  of  beer  made  with  "  gyp  "  waters  are  that  the 
taste  is  better  and  since  less  hop  resin  is  dissolved  the  color  is  paler. 

Chlorides  are  chiefly  objectionable  for  the  reason  that  they  inhibit  the 
gennination  of  the  grain.  They  also  increase  the  extractive  matter  due  to 
a  Mvent  action  on  the  albumen. 

A  water  then  for  brewing  should  contain  no  organic  matter,  the  smallest 
number  of  bacteria  and  microscopic  plants  practicable,  very  little  iron, 
some  calcium,  only  a  small  amount  of  chlorides  and  carbonates,  preferably 
none,  but  may  with  advantage  contain  considerable  sulphate. 

What  has  been  said  r^arding  water  in  brewing  is  equally  true  in  dis- 
tilling. Harmful  results  are,  however,  intensified  in  malting  in  this  in- 
dustry since  the  malt  must  here  be  rich  in  diastase  and  consequently 
the  germ  must  be  developed  as  far  as  possible.  Organic  matter  may 
reduce  the  otherwise  beneficial  sulphates  resulting  in  the  formation  of  bad 
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taetes  and  odore,  and  false  fermentation  of  the  grain  may  be  expected 
under  such  conditions. 

Experience  has  demonstrated  that  industries  requiring  water  of  a  q>e- 
dal  nature  obtain  better  and  more  uniform  results  in  their  product  by  first 
treating  the  water  to  remove  its  impurities  and  then  adding  to  the  water  in 
measured  amounts  the  definite  chemical  compounds  «hicb  are  known  to 
effect  optimum  results.  Where  cost  is  not  prohibitive  this  is  undoubtedly 
the  best  possible  procedure.  In  brewing,  as  stated,  the  water  must  be 
hygienically  pure,  free  from  certain  mineral  constituents,  but  may  contain 
to  good  advantage  certain  others.  Depending  then  on  the  composition 
of  the  water,  it  thould  be  purified  by  one  of  the  standard  water  softeners  or 
an  iron  r^noval  plant,  with  a  view  to  removing  all  of  the  deleterious  con- 
stituents and  later  treated  with  the  proper  amounts  of  calciimi  sulphate. 

Water  in  Paper  Hokiiig.  If  one  considers  that  from  10,000  to  400,000 
gallons  of  water  are  used  to  produce  only  one  ton  of  finished  paper,  it  can 
readily  be  understood  that  the  quality  of  this  water,  especially  for  the  finer 
products,  is  a  matter  of  some  im[)ortance.  With  the  coarser  grades,  such 
as  brown  wrapping  paper,  the  composition  of  the  water  does  not  figure  so 
prominently.  In  making  white  or  light  shades  of  paper,  ferruginous  waters 
are  out  of  the  question  imless  the  iron  is  removed.  Alkali  precipitates 
ferric  hydroxide;  which  gives  the  pulp  a  brown  color.  During  sizing  the 
iron  also  gives  trouble,  and  rust  spots  in  the  finished  paper  are  a  common 
result  of  the  use  of  water  containing  iron. 

While  the  ordinary  constituents  of  a  water  which  contains  pennanent 
and  temporary  hardness  cause  httle  trouble  in  preparing  the  pulp,  their 
effect  in  sizing  is  decidedly  harmful.  Sizing  consists  in  precipitating, 
usually  with  alum,  the  resin  from  a  solution  of  a  resin  aoap.  The  alu- 
minum resinate  thus  fonned  is  precipitated  on  the  fibers.  The  weU- 
known  reactions  between  Ume  and  a  soap  here  take  place  if  the  water  is  of 
a  calcareous  nature.  Bicarbonic  acid  decomposes  the  resin  soap  forming 
sodium  bicarbonate  and,  if  calcium  is  present  in  appreciable  amounts, 
calcium  resinate.  This  compound  has  a  more  granular  consistency  than 
the  corresponding  aluminum  compound,  does  not  adhere  to  the  fibers  as 
well,  and  hence  is  entirely  unsuited  for  sizing  purposes.  AlkaUne  waters 
give  trouble  through  the  formation  of  double  salts  with  alum  and  hence 
incomplete  or  improper  precipitation  of  the  aluminum  refflnate.  The 
difficulty  here  may  be  overcome  of  course  by  the  previous  treatment  of 
the  water  with  alum  but  unless  this  is  a  part  of  a  purifying  system  to 
which  careful  attention  is  paid,  large  amounts  of  alum  are  wasted  with  but 
partial  prevention  of  the  trouble  and  variable  results. 

The  universal  opinion  of  a  lai^  number  of  paper  manufacturers  is 
that  turbid  waters  or  waters  carrying  suspended  matter  are  injurious  to 
the  product.  Such  particles  resist  the  action  of  bleach  and  cause  dark 
specks  and  spots  in  the  finished  paper,  particularly  noticeable  in  white 
and  light  shades  of  fine  writing  and  art  papers.     V^jetable  coloring  matter 
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is  productive  either  of  streaks  or  of  a  dull  shade  imparted  to  papers  that 
should  be  white.  Acid  waters  are  amoug  the  most  amioying  offenders. 
They  not  only  give  trouble  with  the  size,  decompose  the  colon,  and  pro- 
duce streaks  in  the  papers,  but  they  also  attack  the  expensive  wire  screens 
and  dryer-felt  of  the  machine. 

Iron  removal  beccnnes  an  important  considetation  in  paper  making, 
and  this  is  accomplished  at  a  low  cost  in  gome  places  by  simple  aeration 
and  filtration,  though  complications  may  enter  where  organic  matter  is 
present.  As  in  other  industries  which  have  to  deal  with  the  same  problem, 
filtration  through  an  oxidizing  filter  of  the  permutit  type  Buccessfully 
overcomes  the  difficulty.  Softening  can  also  bQ  accomplished  with  a  dif- 
ferent but  similar  artificial  zeolite,  and  where  water  of  zero  hardness  is 
desired  this  process  is  to  be  highly  recommended.  A  number  of  paper 
mills  now  in  operation  use  the  lime-eoda  process.  These  softening  proc- 
esses save  amounts  of  money  which  depend  on  the  hardness  <tf  the  raw 
water,  the  removal  of  calcium  and  magnesium  effected,  the  volume  (^ 
water  used,  and  the  increased  value  of  the  product. 

Water  for  Dyeing  cod  Bleaching.  Involving  as  it  does  the  use  <tf  such 
small  amounts  of  chemicals  and  lai^  amounts  of  water  to  produce  delicate 
colonic  effects,  the  dyeing  of  fabrics  often  presents  chemical  problems  of 
considerable  difficulty.  The  solution  of  these  problons  often  hinges  on  the 
proper  choice  or  treatment  of  water  used  in  the  process.  A  water  con- 
taining,large  amounts  of  calcium  is  unsuitable  and  even  ruinous  for  use  in 
dydng  with  aniline  cok)rs  but  is  essential  to  the  successful  use  of  logwood 
CH"  weld,  dyed  on  a  mordant  of  iron  or  aluminum. 

In  general  a  water  for  use  in  dyeing  should  be  colorless,  free  from  sus- 
peuded  matter  and  iron,  with  calcium  and  magnesium  at  a  minimum. 

Calcium  and  magnesium  act  very  much  alike  in  dyeing.  Some  of  the 
effects  of  these  constituente  are  as  follows:  Heavy  tar-like  precipitates 
f(BTn  when  such  aniline  colors  as  methyl  violet,  malachite  green,  magenta, 
and  safranine  are  dissolved  in  waters  high  in  calciiuu  and  magnesium. 
This  tat^like  precipitate  sticks  to  the  fiber  and  results  in  uneven  dyeing, 
poor  shades,  and  that  annoying  defect  of  "  rubbing  c£."  Magenta  and 
safranine  are  peculiarly  susceptible  to  the  influence  of  these  constituents, 
the  effect  being  noticeable  in  changes  in  both  color  and  intensity  of  the 
c<^oring  material.  Color  is  wasted  and  flat  shades  are  produced  in  dye- 
ing  with  Turkey  red  or  cochineal  scarlet.  In  dyeing  with  alizarin  in  pure 
water  it  is  necessaiy  to  add  calcium  carbonate  to  cause  complete  saturation 
(rf  the  mordants,  but  when  calcium  and  bicarbonate  radicles  are  present, 
carbonic  acid  is  freed,  calcium  carbonate  is  precipitated  by  the  heat,  and 
the  bath  takes  a  violet  color  due  to  the  formation  of  a  COTipound  of  cal- 
cium and  alifiuin.  If  the  solution  is  boiled,  the  lime  lake  deposits  as  a 
videt  powder,  and  the  bath  cannot  be  used.  Thus  it  can  be  seen  that 
calcium  may  be  necessary  as  well  as  detrimental  to  dyeing.  It  should, 
however,  be  added  where  necessary  to  the  baths  as  a  definite  quantity  of  a 
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compound  whicb  will  not  precipitate  upon  heating.  Ag  a  rule,  calcium 
and  magneEdum  Baits  result  in  uneven  dyeing,  fading  colors,  spotted  effects, 
off  shades,  and  a  waste  of  color. 

Jioa  ia  a  very  objectionable  impurity.  Dull  and  Sat  colors  are  fre- 
quently caused  by  this  constituent,  especially  when  dyeing  on  a  mordant. 
If  a  water  contains  iron  in  any  appreciable  amounts  it  is  practically  useless 
for  dyeing  or  printing  with  alizarin  or  for  any  of  the  coal-tar  colors  that  are 
fixed  on  a  tannin  mordant. 

In  bleaching,  iron  is  a  troublesome  constituent.  The  iron  is  oxidized 
by  the  bleach  solutions  causing  yellow,  brown,  or  muddy  white  effects. 
This  difficulty  can  be  partially  remedied  by  acid  treatment,  but  there  is 
then  danger  of  injuring  the  fabric.  Laundries  have  much  the  same  diffi- 
culty with  ferruginous  waters- 
It  is  evident  from  the  above  remarks  that  a  water  suitable  for  dyeing 
and  bleaching  should  be  free  from  suspended  matter,  low  in  its  content  of 
iron  and  as  soft  as  possible.  Suspended  matter  is,  as  a  rule,  rather  easily 
removed  by  simple  filtration  with  or  without  the  use  of  a  coagulant.  For 
small  installations  a  rapid  sand  filter  may  conveniently  be  used  while  in 
lai^er  plants  settling,  coagulation,  and  subsequent  filtration  through 
pressure  filters  may  prove  economical.  Iron  removal  may  be  accomplished 
by  aeration,  aeration  and  filtration,  or  both  with  intermediate  coagulation 
which,  by  producing  a  voluminous  Socculent  precipitate,  aids  in  carrying 
down  the  iron.  As  a  general  rule  most  of  the  above  results  are  accom- 
plished by  the  famihar  procedure  of  softening  the  water  by  the  lime-eoda 
process.  Suspended  matter  is  either  carried  down  with  the  precipitate 
or  is  removed  by  the  filter  operated  as  a  part  of  the  softening  plant.  Inm 
unless  unusually  high  is  not  effectively  removed  in  softening,  however, 
and  where  water  must  be  absolutely  free  from  that  constituent,  aeration, 
or  better,  treatment  with  a  manganese  permutit  is  being  used  to  good  ad- 
vantf^^. 

Water  in  Tanning.  Tanning  is  an  industry  in  which  the  quality  of  the 
water  plays  an  important  part.  The  large  volumes  of  water  used  both  in 
the  unhairing  and  in  the  taa  pit  make  necessary -the  careful  selection  or 
purification  of  the  water  supply.  Unhairing  consists  in  loosening  the  roots 
of  the  hair  by  treatment  of  the  hides  with  quicklime.  If  the  water  used 
in  this  process  contains  bicarbonates  or  free  carbonic  acid  there  results  a 
precipitation  of  calcium  carbonate  in  the  dermic  tissues.  This  precipitate 
naturally  interferes  with  the  absorption  by  the  cells  of  the  hide  of  the  tannin 
which  is  intended  to  convert  the  skin  into  the  insoluble  material,  leather. 
In  the  tan  pits,  calcium  and  magnesium  react  with  the  tannin  to  form  tan- 
nates  no  longer  available  in  producing  the  proper  effect  on  the  hides.  A 
considerable  amount  of  an  expensive  chemical  is  thus  wasted,  and,  accord- 
ing to  one  authority,  the  secondary  products  formed  by  oxidation  of  these 
compounds  imparts  to  the  leather  a  reddish-brown  color  which  lowers  the 
market  value  of  the  finished  product.    One  way  of  obviating  this  diffi- 
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culty  is  to  treat  the  water  with  a  free  mineral  acid,  preferably  sulphuric. 
The  acid  seems  to  aid  in  swelling  the  hides  and  if  used  at  the  proper  con- 
centration for  a  period  of  time  not  too  great,  no  rotting  of  the  hides  takes 
place.  Chlorides  are  harmful  to  the  proper  swelling  operation  since  they 
do  not  unite  with  the  bide  and  even  prevent  the  proper  action  of  the  acids. 
The  ideal  water  for  this  purpose  is  one  containing  lai^  amounts  of  sul- 
phates with  caldum  and  magnesium,  preferably  the  latter,  also  present. 
Plumping  is  more  readily  effected,  the  finished  leather  has  a  finer  and  more 
compact  grain,  and  the  cut  surf  aces  are  cleaner  and  more  shiny. 

Organic  matter  must  be  entirely  absent  from  water  used  in  tanneries 
since  one  of  the  prime  requisites  of  the  finished  product  is  that  it  must 
not  decay.  Organic  matter  tends  to  cause  decay  or  "  leather  rot " ;  hence 
its  removal  becomes  a  matter  of  necessity  rather  than  choice. 

Iron  is  objectionable  in  the  water  supply  of  tanneries  since  the  same 
reactions  which  are  used  in  making  one  kind  of  black  ink  take  place  be- 
tween the  iron  of  the  water  and  the  tannin  with  which  the  hides  are  treated. 
In  both  cases  ferrous  iron  is  oxidized  by  the  air  to  ferric,  which  then  reacts 
to  form  black. tannate  of  iron.  Such  coloration  is  of  course  ruinous  to 
any  but  black  leathers. 

The  lime-soda  process  of  softening  is  well  adapted  to  purifying  water 
for  use  in  tanning,  and  any  one  of  the  standard  makes  of  softeners  will,  if 
properiy  operated,  produce  a  water  suitable  for  use  in  this  industry. 

Water  in  Scouring  Textiles.  Quahty  of  water  is  an  important  consid- 
eration in  the  scouring  of  wool.  All  fresh  water  is  added  in  the  third  or 
final  scouring  tank  from  which  the  wool  emei^es  in  its  finished  condition. 
Impurities  in  the  water  that  will  cling  to  the  fiber,  therefore,  are  obviously 
out  of  place  and  wiU<have  the  same  deleterious  effects  in  subsequent  proc- 
esses as  imperfect  scouring.  Suspended  matter  is  composed  largely  of 
such  substances.  The  organic  matter  which  it  contains  is  especially 
.  undesirable.  Waters  polluted  by  sewage  or  organic  industrial  wastes  and 
turbid  waters  are  always  purified,  therefore,  l)efore  use  in  scou ring-tanks. 

A  second  and  even  more  important  class  of  impurities  consists  of  those 
substances  which  unite  with  soaps  used  in  scouring  te  form  insoluble  soaps. 
These  substances,  iron,  aluminum,  calcium,  and  magnesium,  destroy 
their  equivalent  values  of  soap  for  detergent  purposes,  thereby  making 
necessary  the  use  of  an  excessive  amount  of  soap.  In  addition,  the  insol- 
uble soaps  stick  very  closely  to  the  fiber  and  make  efficient  scouring  very 
difficult.  On  this  account  they  are  much  more  detrimental  to  the  process 
than  ordinary  suspended  matter  composed  largely  of  fine  particles  of  sand. 
Priestroan  (Principles  of  Wool  Combing,  Howard  Priestman.  Geoi^ 
Bell  &  Sons,  London,  1904)  states  that  water  containing  30°  of  hard- 
ness (428  parts  per  milli<m  of  calcium  carbonate)  cannot  be  used  for 
satisfactory  washing  and  adopts  5°  of  hardness  (71  parte  per  million  of 
calcium  carbonate)  as  the  limit  of  "  hardening "  constituents  for  an 
entirely  satisfactory  water  supply. 
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Whipple  '  has  deduced  from  a  Beries  of  experiments  the  eoflt  of  coo- 
sumption  of  the  common  household  soaps  by  waters  of  variouB  d^rees  of 
hardness.  Accepting  Whipple's  values,  with  soap  at  5  cents  a  pound,  the 
cost  in  cents  per  1000  gallons  for  soap  nece88at7  to  produce  a  lather  in  water 
is  as  follows: 

Soap  cost 

=  11+50.05  (rFe+rAl+iCa+rMg+rH) 

=  11+1.79  Fe+5.54  Al+2.5  Ca+4.11  Mg+49.6  H. 

If  it  be  assumed  that  hardness,  in  addition  to  destroying  soap,  will  pro- 
duce a  cost  to  the  process  equal  to  the  cost  of  soap  consimiption  on  ac- 
count of  the  action  of  the  insoluble  soaps  fonned,  and  that  suspended  matter 
is  one-fifth  as  injunous  as  the  insoluble  soaps,  the  total  cost  of  hardness 
to  washing  and  scouring  processes  will  be  more  than  twice  that  diown 
by  the  foregoing  fonnula. 

From  data  of  the  United  States  Census  (U.  S.  Census  of  Manufactures: 
1905,  Textiles,  Bull.  74,  p.  128),  it  appears  that  the  average  chai^  for 
scouring  wool  is  1.29  cents  a  pound,  the  expenses  of  scouring  being  0.263 
cent  per  pound  for  materials  and  0.183  cent  per  pound  for  miscellaneous 
items.  The  remainder  of  the  charge  is  covered  by  interest  of  5.8  per  cent 
upon  capital  invested.  Where  the  margin  of  profit  is  so  small  the  use  of 
impure  water  assumes  relatively  large  importance.  Assuming  that  1500 
pounds  of  wool  are  scoured  by  means  of  1000  gallons  of  water,  119.35, 
$3.94, 12.75,  and  $2. 19  will  represent,  respectively,  the  charge  for  scouring, 
the  cost  of  scouring  materials,  miscellaneous  scoi^ing  expenses,  and  1 
per  cent  upon  the  capital  invested  in  scouring  establishments  for  each 
1000  gallons  of  water  used.  Obviously  imder  such  conditions,  softening 
hard  water  at  a  cost  of  a  few  cents  a  thousand  gallons  is  a  procedure  of 
high  economic  value  for  this  industry. 

In  scouring  by  the  two-stage  process  of  steeping  and  scouring  the 
importance  of  pure  water  is  even  greater,  for,  in  addition  to  the  effect  of 
hardness  in  the  scouring  operation,  the  recovery  of  potash  from  the  steep 
water  will  be  rendered  somewhat  more  expensive  and  the  purity  of  the 
product  decreased  by  the  saline  constituents  of  the  water.  In  this  case  all 
mineral  impurities,  not  merely  the  hardening  constituents,  have  a  dele- 
terious effect. 

In  scouring  by  volatile  solvents  and  subsequent  washing,  since  no  soap 
is  used,  purity  of  water  is  a  minor  consideration.  Suspended  matter,  of 
course,  is  undesirable.  If  the  wash  water  is  utilized  for  the  recovery  of 
potash,  all  dissolved  impurities  will  assume  importance  inasmuch  as  some 
will  cause  scale  in  the  evaporators  and  all  will  decrease  the  purity  of  the 

'  Whipple,  G.  C,  The  Value  of  Pure  Water.  John  Wiley  A  Sons,  Inc.,  New  York, 
1907;  pp.  24-28. 
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potaah  produced.  Each  100  parte  per  rniUioQ  of  mineral  solids  in  the 
water  will  reduce  the  purity  of  the  potash  by  approximately  1  per  cent. 

Water  used  for  rinaing  the  wool  after  Bcouring  may  amount  to  as  much 
as  100  gallons  for  each  pound  of  wool  scoured.  This  water  should  be  free 
from  suspended  matter  but  otherwise  requires  no  special  quahties. 

What  has  been  said  concerning  the  consumption  of  soap  in  wool  scour> 
ing  apices  equally  well  in  the  fiimihr  processes  of  the  silk  and  cotton  in- 
dustries. In  the  first  process  of  silk  manufacture  the  raw  silk  is  soaked  in 
a  stKMig  solution  of  soap  containing  neat's  foot  oil.  This  process  is  neces- 
sary to  give  the  silk  sufficient  softness  and  pliability  for  the  winding  oper* 
ation.  With  waters  containing  lime  and  magnesium  in  large  amounts  the 
soap  forms  the  characteristic  curdy  precipitate,  which  mats  the  fibers 
and  causes  considerable  difficulty  in  winding  the  silk.  Furthermore,  the 
precipitate  clings  to  the  fibers  forming  soap  specks  which  later  harden  the 
silk  at  these  pointa 

The  next  operation,  that  of  boiling  o£F,  requires  the  use  of  greater 
quantities  of  both  soap  and  water.  The  deleterious  results  of  unsuitable 
water  here  are  therefore  intensified.  Where  Ume  spots  form  the  alk  may 
become  discolored  and  the  fiber  crack.  Westing  is  largely  affected  by 
the  lime  and  magnesium  content  of  the  water  used  in  previous  operations, 
lime  spots  prevent  the  absorption  of  the  tin  solution  at  such  points  once 
the  fiber  is  there  covered  by  the  sticky  hme  precipitate.  The  result  is 
lack  of  uniformity  in  weighting  and  "  hungry  spots  "  which  later  in  the 
dyong  operation  produce  uneven  coloring  of  the  fabric.  Brighter  colors 
are  said  to  be  produced  with  soft  waters  using  less  dye  than  with  other 
waters  containing  laige  amounts  of  the  alkah-earth  radicles. 

The  cotton  industry  has  long  rect^nized  the  value  of  soft  watfir  in  its 
operations.  The  boiling  off  requires  the  use  of  resin  soap  in  lai^  amounts 
which  soap,  like  others,  is  wastefuUy  consumed  by  calcium  and  mag- 
nesium in  the  water.  The  precipitates  formed  are  resinates  of  calcium 
and  magnesium  which  are  just  as  troublesome  in  later  operations  as  the 
correspondii^  oleates  and  stearates.  Spots,  difficult  to  wash  out,  dye, 
and  bleach,are  formed  and  a  uniform  white,  so  essential  in  this  industry,  is 
almost  impossible  to  obtain.  It  is  characteristic  of  silks  and  cottons  pro- 
duced by  plants  using  soft  water  that  the  fabric  has  a  softer  "  feel  "  not  at 
all  like  the  harsh  "  feel  "  of  fabrics  produced  with  waters  containing  large 
amounts  of  the  hardening  constituents. 

The  for^;(Hng  remarks  concerning  the  quality  of  water  as  affecting  the 
noanufacture  of  textiles  are  sufficient  to  indicate  the  necessity  for  a  clear, 
colorless,  water  containing  as  little  calcium  and  magnesium  as  possible. 
The  well-established  treatment  with  lime  and  soda  ash  has  been  used  with 
success  in  many  plants  and  has  much  to  recommend  it.  This  is  particu- 
larly true  where  free  carbon  dioxide,  calcium  and  magnesium  are  present 
in  very  large  amounts.  The  cost  is  low  compared  with  some  other  proc- 
esses and  the  results  are  satisfactory  provided  the  treatment  is  carefully 
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regulated  accordiog  to  frequent  and  periodic  analyses  of  the  raw  and 
treated  water.  As  far  as  completeness  of  removal  of  hardness  is  concerned 
the  method  which  is  far  superior  to  others  is  that  in  which  artificial  zeolites 
are  used.  Where  the  water  contains  only  moderately  high  amounts  of 
calcium,  magnesium,  and  free  carbonic  acid  this  material  should  be  care- 
fully considered  as  a  means  of  softening  and  even  where  such  constituents 
are  excessively  high  it  can  be  used  to  good  advantage  as  a  finishing  process 
to  follow  the  lime-soda  treatment.  The  result  in  either  case  will  be  a 
water  so  low  in  calcium  and  magnesium  as  to  suit  the  most  exacting 
demands  of  the  woolen,  cotton,  or  silk  mill. 

Essentially,  the  principles  heretofore  discussed  with  r^ard  to  soap  con- 
sumption are  applicable  to  the  use  of  water  in  laundries.        > 

Water  for  Use  in  Irrigatiiig.  An  excess  of  alkali  in  the  soil  is  detri- 
mental to  the  growth  of  crops,  and  waters  used  in  irrigation  may  seriously 
impair  the  fertility  of  land  by  augmenting  its  alkali  content.  Land  would 
probably  be  injured  by  the  best  of  natural  waters  if  irrigated  with  them 
for  a  long  period  of  time  without  natural  or  artificial  drainage,  for  all  irri-- 
gating  waters  contain  alkali,  and  evaporation  in  and  from  the  soil  would 
.result  in  a  gradual  accumulation  of  toxic  salts.  In  order  that  waters  may 
readily  be  compared  with  respect  to  their  suitability  for  irrigation,  a  simple 
index  of  their  irrigating  value,  such  as  the  "  alkali  coefficient,"  is  useful. 
The  alkali  coefficient  is  a  purely  arbitrary  quantity  intended  solely  to 
facilitate  the  comparison  of  waters  to  be  used  for  irrigation.  It  may  be 
defined  as  the  depth  in  inches  of  water  which,  on  evaporation,  would  yield 
BufiBcient  alkali  to  render  a  4-foot  depth  of  soil  injurious  to  the  most  sen- 
sitive crops.  Thus,  if  the  alkah  coefficient  of  a  wat^r  is  found  to  be  17, 
17  inches  in  depth  of  that  water  contains  sufficient  alkali  to  render  injuri- 
ous to  sensitive  crops  the  soil  on  which  it  is  applied.  Whether  injury 
would  actually  result  from  the  application  of  such  a  water  to  any  par^ 
ticular  piece  of  land,  however,  depends  on  methods  of  irrigating  the  crops 
grown,  the  character  of  the  soil,  and  drainage  conditions,  and  it  should 
be  clearly  understood  that  the  alkali  coefficient  in  no  way  takes  account 
of  such  conditions. 

Hilgard  '  quotes  results  of  invest^tions  by  R.  K.  Loughridge  showing 
the  greatest  amount  of  various  alkali  compounds  found  in  soils  in  which 
crops  were  not  injured.  About  forty  common  cultures  were  included  in 
the  tables,  and  great  diversity  is  indicated  for  the  relative  toxicity  of  the 
compounds  toward  the  different  cultures.  The  mean  results  for  several 
cultures  of  about  the  same  degree  of  sensitiveness,  however,  indicate  with 
marked  uniformity  the  relative  toxicity  of  the  alkalies  toward  common 
cultures  to  be  about  as  follows :  Sodium  as  NszCOa,  10;^  sodium  as  NaCl,fi; 

'  Hilgard,  E.  W.,  Soils,  p.  467,  1906. 

*  The  tables  iodicaU  a  relative  toxicity  of  about  6,  but  on  account  of  the  puddling 
effect  of  Bodium  carbonate  on  aoila  and  the  fact  that  the  investigatioDB  did  Dot  dis- 
tinguish between  bicarbonate  &nd  carboDBt«  of  eodium,  the  value  10  is  believed  to  be 
Tnoie  satisfactory. 
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sodium  as  Ka3S04, 1.  The  investigations  indicate  further  that  about  1500 
pounds  per  acre  of  sodium  with  a  relative  toxicity  of  1  (as  above)  in  4  feet 
depth  %t  soil  is  barely  sufficient  to  affect  injuriously  the  more  sensitive 
common  crops.  The  foregoing  conclusions,  being  in  accord  with  the 
resulte  of  other  investigations,  afford  a  basis  for  the  calculation  of  Hie 
alkali  coefficient,  which  may  be  made  from  a  water  analysis  by  means  of 
the  following  formulas: 

When  rNft— rCl  or  Na— 0.65  CI  is  zero  or  n^ative, 

_2O40 

CI  ■ 

When  rNa— rCl  or  Na— 0.65  CI  is  positive  but  not  greater  tiian  rSO*  or 
0.48804, 

6620 


Alkah  coefficient,  k=— 


rNa+4rCl    Na+2.6C1 
When  rNa-rCl-rS04  or  Na-0.65  Cl-0.48  SO*  is  positive, 

ttoo  nan 

Alkali  coefficient,  k  =  - 


10  rNa  -  5  rCl  -  9  rSO*    Na  -  0.32  C!  -  0.43  SO*' 

In  the  foregoing  formulas,  the  sodium  and  potassium  value  reported 
in  many  analyses  may  be  used  for  Na;  in  the  absence  of  a  sodium  or  a 
sodium  and  potasaium  determination,  Na  may  be  estimated  from  the 
equations 

Na=0.41  HCO3+0.83  COa+0.71  CI +0.52  S04-(1.25  Cft+2.06  Mg) 
rNa=1.10[rHC08+iCO8+rCl+rSO4-{rCa+rMg)] 

which  for  safety  give  a  value  about  10  per  cent  greater  than  the  theoretical; 
and  in  the  absence  of  calcium  and  magneedum  determinations,  the  fore- 
•  giHng  equations  may  be  used  if  the  parenthetical  expression  be  replaced 
by  one-half  the  total  hardness  (as  CaCOs)  or  its  equivalent  reacting  value. 

The  first  of  the  above  formulas  is  applicable  to  watera  that  contain 
more  chlorine  radicle  than  is  sufficient  to  combine  with  the  sodium  present, 
and  involves  the  assumption  that  the  other  basic  radicles  required  to  hold 
the  chlorine  radicle  in  solution  are  as  injurious  as  if  replaced  by  their 
equivalent  reacting  valu«  of  sodium.  The  other  formulas  neglect  possible 
injurious  effects  of  basic  radicles  other  than  sodium.  These  assumptions, 
as  api^ed  to  normal  waters,  are  sufficiently  accurate  for  practical  piu^ 
poses,  though  thor  application  to  soils  might  lead  to  serious  errors. 

Waters  to  which  the  first  two  formulas  are  applicable  cannot  be  im- 
proved by  chemical  treatment,  but  are  likely  to  produce  only  "  white 
alkali "  in  the  soil.  Waters  to  which  the  third  formula  is  applicable  are 
likely  to  produce  "  black  alkali "  in  the  soQ  and  can  be  improved  to  the 
alkali  coefficient  calculated  from  the  second  formula  by  the  use  of  gypsum 
or  "  land  plaster." 
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In  general,  injuriouB  results  from  the  use  of  a  water  for  irrigation  depend 
largely  ob  drainage  conditions  and  soil  texture.  Waters  with  low  alkali 
coeEBcienta  may  be  used  successfully  on  a  loose  Boil  with  free  d||unage. 
The  following  approximate  classification,  which  is  based  on  ordinary  irri- 
gation practice  in  the  United  States,  indicates  in  a  very  general  way  the 
customary  limitations  in  the  use  of  waters  having  various  alkali  coefficients: 

CLASSIFICATION  OF  IRRIGATION  WATERS 


Alloti  Cwfficiait. 

Ctua. 

Re™.., 

More  than  18. . 
18  to  6 

6.9  to  1.2 

Less  than  1.2.. 

Good 
Fair 

Poor 
Bad 

care  to  prevent  alkali  accumulation. 
Special   care   to  prevent   gradual   alkali   accumulation   has 

generally  been  found  necessary  except  on  loose  soils  with 

free  drainage. 
Care  in  selection  of  soils  baa  been  found  to  be  imperative  and 

Practically  valueless  for  irrigation. 

Slow-sand  Filtration.  The  art  of  purifying  water  by  filtration  has 
developed  from  a  simple  procedure  on  a  small  scale  to  a  complicated  and 
extensive  process.  Whereas  individuals  and  industries  were  once  content 
with  a  c<nnparatively  clear  water,  they  now  demand  a  product  colorless, 
free  from  suspended  impurities,  as  nearly  sterile  as  efficient  operation 
will  produce,  and  free  from  such  quantities  and  varieties  of  mineral  con- 
stituents as  will  affect  its  use  for  a  particular  purpose. 

The  English,  or  slow-«and  method  of  filtration,  the  first  used  on  a  lai^ 
scale,  employs  a  water-tight  basin  containing  5  or  6  feet  of  filtering 
material.  A  common  practice  is  to  use  3  feet  of  fine  sand  at  the  top 
of  the  filter  bed,  below  that  about  a  foot  (rf  coarser  sand  supported  on  about 
18  inches  of  graded  gravel,  the  coarser  material  at  the  bottom.  Suitable  . 
drains  are  provided  below  the  gravel  to  carry  off  the  filtered  water.  Briefly 
the  operation  of  a  slow-sand  filtration  plant  is  as  follows: 

The  raw  water  containing  suspended  impurities,  clay,  bacteria,  and 
microscopic  plants,  flows  into  a  sedimentation  basin.  The  impurities 
in  part  settle  to  the  bottom  either  by  gravitation  alone,  or,  in  stmie  instal- 
lations, aided  hy  the  use  of  a  coagulant  that  agglomerates  the  particles  and 
hastens  the  settling.  The  partly  clarified  water  flows  from  an  outlet  near 
the  top  of  the  basin  to  the  filter  bed,  which,  after  accumulating  a  surface 
layer  of  impurities,  passes  an  effluent  substantially  free  from  suspended 
matter,  including  bacteria,  at  the  rate  of  aVout  three  million  gallons  per 
acre  per  day.  When  the  surface  layer,  or  Schmvtidecke,  becomes  so  thick 
that  the  rate  of  filtration  is  too  low  for  economical  operation,  the  surface 
layer  of  sand  is  removed  and  washed,  and  later  replaced.  Length  of  oper- 
ation without  washing  the  sand  may  be  increased  substantially  by  raking 
the  surface  from  time  to  time  until  it  becomes  so  clogged  that  washing  is 
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essential.    The  filtered  water  passes  from  the  under  drains  to  a  clear  water 
basin  for  storage  and  use. 

This  method  is  beet  suited  to  purifying  waters  of  low  turbidity  on  a 
large  scale.    It  is  used  mostly  for  municipal  water  supplies. 

Rt^d-sand  FUtiation.  The  rapid-sand,  or  American  system  of  filtra- 
tion, is  best  adapted  to  the  treatment  of  turbid  and  highly  colored  waters 
and  is  c(Hnmonly  employed  where  softening,  as  well  as  filtration,  is  neces- 
sary. The  main  differences  between  this  and  the  English  syst^n  are  the 
artificial  formation  of  a  surface  filtering  layer  on  the  sand  by  coagulation, 
the  method  of  cleaning  the  filters  by  forcing  a  current  of  water,  or  air  and 
water  up  through  the  filtering  medium,  and  a  much  h^her  rate  of  filtra- 
tion. Machines  to  apportion  automatically  the  dose  of  chemicals  to  the 
flow  (rf  water  are  necessary.  A  mixing  and  reaction  chamber  is  provided  to 
secure  the  proper  coagulation.  The  setUing  basin  used  in  this  type  of 
plant  is  frequently  deeper  than  that  in  thg.  slow-sand  type,  and  is  pro- 
vided with  baffles  designed  to  secure  maximum  settling  in  minimum  time. 
Roughing  filters,  similar  to  the  main  filters  but  of  coarser  material,  are 
frequently  used  to  remove  the  greater  part  of  the  coagulated  matter. 
The  filters  in  a  large  installation  consist  of  concrete  basins  (in  smaller 
ones  wooden  or  iron  tanks)  containing  normally  30  inches  of  sand,  on  a 
foot  of  graded  gravel,  the  gravel  resting  on  perforated  brass  strainers 
through  which  the  water  passes  to  the  drain  system  and  thence  to  the 
storage  basin.  By  reversing  the  flow  of  water  through  the  strainers  the 
water  is  forced  up  through  the  filter  bed  thoroughly  stirring  up  the  sand 
and  washing  the  surface  layer  of  impurities  into  channels  provided  to 
waste  the  dirty  water.  When  the  filter  has  been  cleaned  in  this  way 
the  wash  water  is  tiuned  off  and  the  sand  settles  back  ready  for  the  next 
period  of  filtration. 

The  operation  of  a  typical  plant  where  both  softening  and  filtration 
are  practiced  on  a  large  scale  is  as  follows: 

The  raw  water  passes  through  a  Venturi  meter  which  records  the  vol- 
ume of  water  passing  and  controls  the  rate  of  addition  of  coagulant  to  the 
flow  of  water.  From  the  Venturi  meter  the  water  passes  to  a  weir  basin, 
Uiexice  to  a  set  of  weirs  where  the  water  is  divided,  one  part  going  to  the 
lime  saturators  for  use  in  preparing  the  milk  of  hme,  another  over  the  soda 
wedrs  where  the  soda  ash  is  introduced,  and  a  third  to  the  mixing  tanks.  . 
The  lime-saturated  water,  the  raw  water,  and  the  soda  solution  are  thor^ 
ougfaly  mixed  by  a  system  of  baffles  in  the  mixing  tank,  and  the  greater 
part  of  the  precipitated  material  is  allowed  to  deposit  in  the  settling  basins. 
The  filteis  remove  the  remainder,  gradually  cloi^ng  up  smd  filtering  more 
and  more  slowly.  At  the  end  of  8  to  12  hours'  operation,  clear  water, 
sometimes  aided  by  compressed  air,  is  forced  up  through  the  strainers,  the 
sand  thus  washed  and  prepared  for  another  period  of  sever^  hours*  filtra- 
tion. 

Proper  coagulation  is  a  prime  requisite  in  plants  of  this  type.    Some 
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waters  contain  sufficient  iron  to  produce  a  good  floe  when  lime  is  added, 
while  others  require  the  addition  of  filter  alum,  Al2(S04)3,  but  have  nor- 
mally sufficient  alkaUnity  to  precipitate  the  aluminum  hydroxide  without 
lime.  Several  large  plants  have  found  it  more  economical  to  make  their 
own  filter  alum  '  by  treating  crude  bauxite  with  Bulphuric  acid  and  using 
the  mud  or  syrup  directly  for  coagulation,  thus  obviatingthe  neceaaity  for 
crystallization,  purification,  etc. 

Pressure  Filters.  Many  industrial  plants  have  found  a  type  of  filter 
that  can  be  installed  directly  in  the  pressure  water-supply  system 
advantageous  because  of  its  low  cost,  ease  of  installation,  small-epace 
lequirement,  and  flexibility  in  quantity  of  output.  It  has  been  further 
demonstrated  that  with  the  refinements  of  careful  regulation  and  control 
of  rate  of  filtration,  addition  of  reagents,  and  t^'stematic  washing,  these 
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filters  can  produce  an  effluent  comparable  with  many  of  the  larger  and 
more  costly  rapid-eand  plants  of  the  gravity  type. 

Pressure  filters  are  usually  stout  steel  tanks,  cylindrical  in  form,  placed 
either  horizontally  or  vertically.  The  wat«r  is  forced  through  the  sand 
under  pressure,  but  in  other  respects  pressure  filters  differ  but  little  in 
principle  from  the  rapid-sand  filters  already  described.  A  section  of  such 
a  filter  of  the  horizontal  type  is  shown  in  Fig.  55. 

By  increased  pressure,  a  pressure  filter  can  more  than  double  its  output 
with  little  effect  on  the  quality  of  the  filtered  water.  This  is  a  great 
advantage  from  an  industrial  standpoint.  It  has  also  been  stated  with  at 
least  some  degree  of  truth,  that  combined  with  sterilization,  a  water  can 
be  produced  which  will  meet  most  of  the  exacting  demands  of  a  domestic 
supply. 

Driftiiig-Baiid  Filter,  The  Ransome  drifting-sand  filter  has  the  novel 
feature  of  continuous  washing  of  the  filter  sand.  Drain  pipes  are  so  at^ 
ranged  around  the  base  of  a  cylinder  that  water  carr>-ing  with  it  coagulated 
material  and  surface  sand  is  constantly  being  drawn  from  the  bottom  of 
the  filter,  the  sand  washed  and  returned  to  the  cylinder  at  the  center  <A  the 
EngincerinD  News,  Jut.  i,  1917,  pp.  4-7. 
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top.    This  procedure  makes  Uie  bed  of  sand  take  the  form  of  a  series  of 
flattened  cones  (see  Fig.  56). 

Coagulant  is  used  but  there  is  no  coagulating  basin.  The  raw  water, 
after  proper  treatment  with  alum,  is  passed  through  an  ejector  at  the  base 
of  the  sandwasher,  where  it  picks  up  the  clean  sand  and  carries  it  to  the  top 
of  the  filter.  About  98  per  cent  of  the  water  passes  throi^h  the  stationary 
sand  to  a  8y8t«m  of  drains  similar  to  a  rapid-sand  filter.  The  remaining 
2  per  cent  is  carried  with  the  dirty  sand  out  of  the  filter.  In  the  plant 
installed  at  Toronto,  Canada,  it  becomes  necessary  to  back-wash  the  sta- 
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tionary  sand  about  once  a  week.  This  is  accomj^ished  by  the  procedure 
usual  for  a  rapid-sand  filter. 

It  is  claimed  for  this  process  that  a  bacterial  efficiency  equal  to  the 
ordinary  rapid-sand  process  is  secured  with  the  same  quantity  of  wash 
water  and  a  much  longer  period  of  service. 

Aeration.  The  cheap  and  plentiful  reagent,  air,  appUed  to  water  in  a 
simple  manner  does  considerable  toward  purification.  Iron  can  be  oxi- 
dised and  precipitated,  carbon-dioxide  can  be  eliminated,  and  disagreeable 
tastes  and  odors  can  be  removed  by  this  simple  procedure.  The  devices 
to  secure  maximum  mixing  of  air  and  water  vary  from  simple  cascades  or 
falls  to  elaborate  fountains  with  especially  designed  spraying  nozzles.  A 
common  method  is  to  force  the  water  to  flow  from  the  upper  end  of  a  ver- 
tical pipe  and  drop  down  on  boards  placed  beneath,  causing  the  water  to 
splash  outward  in  all  directions.  Troughs  over  the  edges  of  which  the  water 
spills  are  also  much  used.     Where  aeration  is  used  to  oxidize  and  precip- 
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itate  iron,  tricklera  are  often  uaed  to  good  advantage.  These  are  porous 
beds  of  broken  stone,  coarse  sand,  coke,  shavings,  or  similar  insoluble 
material  having  a  large  surface  as  compared  to  its  volume,  through  which 
the  water  slowly  percolates.  The  air  in  such  beds  should  be  contin- 
uously or  frequently  changed,  otherwise  the  process  fails.  Considerable 
attention  is  being  paid  of  late  to  the  design  of  spraying  nozzles,  possibly 
because  of  their  extensive  use  in  sewage  purification.  One  type,  installed 
at  the  Kensico  reservoirs  of  the  New  York  supply  are  cast  with  spiral  vanes 
which  impart  to  the  water  flowing  throi^h  them  a  whiriing  motion,  which 
should  be  effective  in  accomplishing  aeration. 

Sterilization  by  Calcium  Hypochlorite.  The  treatment  of  water  to 
destroy  micro-oi^anisms  is  chiefly  employed  as  an  adjunct  to  other  methods 
of  purification.  It  would  seem  unnecessary  to  provide  such  an  extra 
precaution  for  filter  plants  which  regularly  operate  with  a  bacterial  eflS- 
ciency  of  98  per  cent  or  higher,  but  when  one  considers  that  at  times  the 
total  number  of  bacteria  amounta  to  thousands  per  cubic  centimeter  the 
remaining  2  per  cent  constitute  a  figure  of  considerable  magnitude. 
Then,  too,  no  system  is  fool-proof,  and  occasional  accidents  or  carelessness 
may  allow  the  passage  of  water  imperfectly  purified,  which  may  contain 
lai^  numbers  of  disease-producing  bacteria.  A  water  supply  thought  to 
be  safe  from  pollution  and  hence  not  purified  by  any  process  may  sud- 
denly become  contaminated,  spreading  disease  to  thousands.  These 
and  other  reasons,  such  as  the  destruction  of  oi^aniams  in  water  used  for 
conning,  brewing,  etc.,  make  necessary  the  steriUzation  of  water. 

The  method  most  commonly  employed  on  a  large  scale  is  to  treat  the 
water  with  a  minute  dose  of  bleaching  powder  or  hypochlorite  of  lime, 
commonly  designated  "  bleach  "  in  the  trade.  This  material  is  a  mixed 
salt  corresponding  to  the  formula  (CaCbCaCOCl):).  Purchase  on  speci- 
fication is  based  lately  on  the  percenti^  of  "  available  chlorine  "  or 
percentage  of  chlorine  which  is  available  upon  treatment  with  a  strong 
acid,  A  customary  figyre  is  35  per  cent,  which  corresponds  to  a  materia 
containing  about  62.5  per  cent  calcium  hypochlorite.  In  solution  the 
calcium  chloride  molecule  is  inert  so  far  as  sterilization  is  concerned,  but 
the  hypochlorite  through  a  series  of  reactions  gives,  as  final  products, 
calcium  chloride  and  nascent  oxygen.  Nascent  oxygen  liberated  thus  is 
a  very  effective  germicide  and  it  is  due  to  its  action  and  not  the  chlorine 
of  the  bleaching  powder  that  sterihzation  is  accomphshed. 

Chloride  of  lime  is  soluble  in  water  in  the  ratio  of  about  1  to  20,  but 
thorough  mixing  and  a  second  treatment  with  water  is  necessary  to  extract 
the  greater  part  of  the  active  material  from  the  sludge  which  forms.  An 
excellent  procedure  is  to  use  the  water  from  the  second  extraction  for  the 
first  extraction  of  the  next  lot  of  bleach.  Whatever  the  method  of  solution, 
it  is  ordinarily  made  up  so  that  one  pound  of  chloride  of  lime  is  used  for 
each  100  gallons  of  water  and  applied  by  means  of  a  wide  variety  of  methods 
at  some  point  in  the  system  of  purification  where  the  organic  matter  has 
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been  reduced  to  the  minimum  and  where  a  period  of  one-half  to  three  or 
four  hours  can  be  given  to  allow  the  sterilizing  action  to  go  on.  In  a 
majority  of  snudl  filter  plants  this  point  of  application  is  just  before  the 
water  enters  the  clear  water  basin,  but  in  large  plants  this  would  necessitate 
great  multiplicity  of  apparatus  on  account  of  the  number  of  filters,  each 
operating  with  a  different  rate.  In  plants  of  this  kind  the  solution  can  be 
advantageously  applied  to  the  water  in  the  lower  end  of  the  settling  basin 
where  a  large  part  of  the  organic  matter  has  settled  out  and  some  time  will 
be  given  for  the  reaction  before  reaching  the  filters.  Some  of  the  taste 
due  to  hypochlorite  will  be  removed  by  the  filters,  the  filter  sand  will  be 
sterilised,  and  "  afterf;rowtb8  "  of  organisms  in  the  sand  and  trndeinirains 
will  be  prevented. 

As  stated  above,  many  methods  are  used  to  r^;ulat«  the  amount  of 
sterilizing  material  added.  Dry  feed  of  the  bleach  by  means  of  a  spiral 
impelled  by  a  water  wheel  operated  at  a  rate  which  depends  on  the  fiow 
of  raw  water  seems  to  be  an  efficient  device.  Where  a  solution  is  used, 
orifice  boxes,  proportional  weiis,  and  auxiliary  pumps  with  variable  stroke 
directly  connected  with  the  main  pump  are  sometimes  installed.  One  of 
the  best  methods  of  securing  accurate  control  is  to  adjust  the  strength  of 
the  calcium  hypochlorite,  after  careful  analysis,  to  a  given  strength  and 
apply  it  in  coimection  with  a  Venturi  meter  in  such  manner  as  to  appor- 
tion automatically  the  wnount  of  solution  to  the  fiow  of  water. 

The  amount  of  hypochlorite  necessary  to  efifect  sterilization  depends 
on  the  amount  of  oxidizable  material  present,  the  temperature,  the  allow- 
able time  (A  reaction,  the  period  of  storage,  and  the  turbidity  of  the  water. 
If  the  dose  is  too  heavy,  disagreeable  tastes  and  odors  will  be  left  in  the 
water,  while  if  the  dose  is  too  light  all  the  bacteria  will  not  be  destroyed. 
At  many  places  excellent  results  are  obtained  with  as  httle  as  0.3  part  per 
million  of  available  chlorine,  while  under  adverse  conditions  more  than 
2.0  parts  per  millian  are  sometimes  necessary. 

Sodium-hypochlorite  Sterilization.  Sodium  hypochlorite  (NaOCl)  is 
prepared  as  a  solution  by  electrolyzing  a  solution  of  common  salt,  lake 
caldum  hypochlorite,  its  ^ciency  as  a  germicide  depends  on  its  decom- 
position and  Uberation  of  nascent  oi^gen.  It  has  been  used  for  scnne  time 
to  a  large  extent  in  laundries  for  bleaching  piuposes  but  in  watoworks 
only  recently  and  in  a  few  places. 

liquid  Chlorine.    Because  of  its  many  advant^es  liquid  chlorine 
sterilisation  is  being  practiced  in  many  of  the  newer  plants.    Its  germi- 
cidal effects,  like  chloride  of  lime,  are  due  to  the  hberation  of  nascent  oxy- 
gen. The  chemical  reactions  with  water  may  be  represented  as  follows : 
Cb-l-HaO-HOa+HCl. 
HOCl  =  HCl+0. 

liquid  chlorine  may  be  purehased  99.S  per  cent  pure  in  steel  cylinders 
ooDtainii^  about  100  pounds,  at  pressures  which  vary  with  the  tempera- 
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ture  from  50  to  200  pounda  per  square  inch.  Anhydrous  chlorine  is  not 
conx)8ive  but  in  the  presence  of  a  small  amount  of  moisture  it  reacts  vigor- 
ously with  the  ordinary  materials  of  construction.  This  difficulty  has 
been  successfully  overcome  in  several  types  of  apparatus  now  in  efficient 
operation  by  suitable  valves  which  confine  the  water  and  water  vapor  to 
those  parts  of  the  apparatus  constructed  of  non-corrosive  material.  These 
machines  are  constructed  for  either  manual  or  automatic  control  and  for 
direct  application  of  the  gas  or  a  solution  thereof^    One  type  of  apparatus 
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using  solution  feed  is  shown  diagrammatically  in  Fig.  67.  It*  operation 
can  be  understood  from  the  lettering. 

The  operation  of  the  Dunwoodie  Chlorinating  plant  capable  of  treating 
400,000,000  gallons  of  water  per  day  for  the  city  of  New  York  has  been  well 
described  by  Coffin.' 

This  plant  has  a  total  output  capacity  of  a  ton  and  a  half  of  chlorine  per 
twenty-four  hours,  the  chlorine  being  applied  automatically  to  the  water 
by  the  directrfeed  system  through  carborundum  diffusors.  Platform  scales 
each  with  a  capacity  of  ten  cylinders  are  used  to  check  by  weight  the 

'  Coffin,  T.  D.  L.,  Chlorinating  the  Water  Supply  of  Greater  New  York,  Eng.  JV«m, 
Vol.  LXXVI,  No.  10,  pp.  43&-440,  1916. 
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ddivEiy  of  cUorine.  The  apparatus  waa  guaranteed  to  deliver  within 
5  per  cent  of  the  indicated  chlorine  and  on  checking  with  the  scales  was 
found  to  have  an  error  of  less  than  1  per  cent.  The  following  advantages 
are  claimed  for  liquid  chlorine  over  chloride  of  lime  treatment : 

1.  Greater  efficiency  and  economy. 

2.  Liquid  chlorine  pure  chemical. 

3>  A  minimum  space  required  for  ston^  and  operating. 

4.  Elimination  of  disf^reeable  odors  and  corrosive  action  in  applying 
the  disinfectant. 

5.  Liquid  rldorine  does  not  decompose. 

6.  Reactions  simplified  and  more  efficient  at  low  temperatures. 

7.  A  large  overdose  possible  without  producing  tastes  or  odois  in 
treated  water. 

8.  More  accurate  control  of  feed. 

9.  No  lime  salts  are  introduced  into  the  water. 

10.  A  large  saving  in  labor. 

mtiwriolet  Ray  SterilizatioiL  This,  one  of  the  hitest  developments  in 
purif3diig  water  by  sterilisation,  depends  on  the  action  of  ^e  invisible  l^ht 
rays  emitted  from  an  electric  mereury  vapor  lamp  imm^^ed  in  the  water 
to  be  sterilized.  Details  of  construction  vary  but  the  more  efficient  types 
use  a  quartz  tube  wi^  mereury  electrodes,  the  whole  separated  from  the 
water  by  a  second  quartz  envelope  which  prevents  cracking  of  the  tube  by 
differences  of  temperature  between  the  water  and  the  lamp.  Baffles  are 
arrai^ed  to  secure  repeated  passage  of  the  water  in  thin  films  past  the 
source  of  light.  The  water  must  be  clarified  if  turbid,  otherwise  the  sus- 
pended matter  may  act  as  a  protective  medium  shutting  off  the  hght  from 
the  bacteria  to  be  destroyed. 

Some  of  the  more  recent  lamps  have  been  fitted  with  arrangements 
whereby  the  water  will,  in  case  of  an  interruption  of  the  current  and  the 
light  going  out,  be  automatically  shut  off  and  not  turned  on  again  until  the 
lamp  is  hghted  and  has  regained  its  maximum  efficiency. 

The  advantages  of  this  ^fstem  are  largely  testhetic.  No  chemical  is 
added  to  the  water  and  no  tastes  or  odora  are  developed.  The  water  can 
be  heavily  overdosed  without  affecting  its  quality,  but  cost  of  operation 
demands  a  very  careful  control  to  secure  complete  sterilization  on  the  one 
hand  and  a  reasonable  current  cost  on  the  other. 

Ozone.  Although  the  ease  with  which  this  allotropic  form  of  oxygen 
decomposes  in  the  presence  of  organic  matter  hberating  oxygen  in  the 
nascent  state  has  been  known  for  some  time,  it  has  been  used  for  water 
sterilization  on  a  large  scale  only  «nce  I90S.  It  is  now  used  with  success 
in  many  large  plants,  one  at  St.  Maur  (Paris)  treating  upwards  of  25,000,000 
gallons  per  day. 

For  efficient  operation  the  air  which  is  ozonized  and  later  applied  to 
the  water  must  first  be  dried,  conveniently  by  passing  through  towers  of 
some  desiccating  material  or  by  artificial  refrigeration.    The  voltage 
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used  in  producing  the  silent  diecbai^e  must  not  be  allowed  to  riee  too  high, 
otherwise  sparking  occure  with  a  resultant  waste  of  power,  heat-decompo- 
sition of  the  ozone,  and  the  formation  of  oxides  of  nitrogen  that  hinder 
the  production  of  ozone.  Efficiency  furthennora  demands  a  thorough 
mixing  of  the  raw  water  and  ozonized  air  with  racovety  of  any  ozone  not 
absorbed  in  the  mixing  chamber. 

Sterilizati<m  by  Heat  Authoritative  investigation  has  shown,  that 
water  need  not  be  boiled  to  destroy  pathogenic  organisms  but  that  a  tem- 
perature much  below  the  boiling-point  is  sufficient  to  render  the  water 
sterile.  A  momentary  exposure  of  water  to  a  high  temperature  has  been 
proven  to  effect  sterilization  and  lower  temperatures  for  longer  periods  are 
equally  effective.  Apparatus  designed  for  small  capacities  operate  by 
heating  to  boiling  the  upper  part  of  a  column  of  water,  the  ebullition  cany- 
ing  the  water  up  and  out  of  the  tube  down  through  tubes  surrounded  by 
the  moving  water  which  effects  a  heat  exchange.  The  incoming  water  is 
thus  heated  and  the  boiled  water  cooled.  The  boiling  lasts  only  a  second 
or  two,  and  it  is  claimed  that  the  water  thus'  treated  retains  its  natural 
flavor  with  none  of  the  insipid  taste  charaeteristic  of  boiled  water.  In 
lai^  plants  the  principle  of  operation  is  somewhat  different,  circulation 
being  effected  by  the  expansion  of  a  tall  column  of  the  liquid  rather  than 
active  ebuIUtion.  Both  types  are  automatically  controlled  so  that  no 
water  can  pass  until  it  has  been  held  at  a  sufficiently  high  temperature  and 
length  of  time  to  insure  the  destruction  of  bacteria. 

Feed-water  Heaters.  There  are  two  types  of  feed-water  heaters,  open, 
or  atmospheric,  and  closed.  Both  are  used  as  a  means  of  conserving  heat 
and  by  chemical  reactions  due  to  heat  effect  a  partial  reduction  in  the  scale- 
forming  constituents  of  the  boiler  water.  The  closed  beater  consists  of  a 
steam-  and  water-tight  vessel,  containing  tubes  usually  of  brass  or  copper, 
on  one  side  of  which  water  is  circulated  and  on  the  other  steam.  Whether 
the  water  is  on  the  inside  or  outside  of  the  tubes  depends  on  the  particular 
type  designed.  Both  systems  are  used,  the  water  tube  more  generally. 
The  essential  feature  which  distinguishes  this  heater  from  the  open  type  is 
that  when  properly  constructed  to  prevent  leakage  by  too  unequal  expan- 
sion resulting  from  the  cold  water  on  one  side  of  the  tubes  and  the  steam  on 
the  other,  no  mingling  of  steam  and  water  takes  place.  The  tubes  are 
variously  constructed  to  take  care  of  this  expansion  difficulty,  and  con- 
siderable time  and  thought  have  been  consumed  in  designing  a  connection 
at  the  tube  ends  between  the  tubes  and  the  tube  sheets.  Metallic  gaskets 
combined  with  composition  packing  are  frequently  used,  giving  a  more  or 
less  flexible  joint.  Another  means  of  overcoming  the  difficulty  is  to  bend 
the  tubes  to  form  a  U-shape.  Still  another  method,  and  one  which  secures 
adequate  baffling  of  the  moving  water,  is  to  corrugate  the  tubes  in  a 
transverse  direction,  giving  the  appearance  of  a  succession  of  bulges  through 
which  the  water  flows.  Probably  the  best  system,  considering  the  large 
surface  exposed  for  size  of  heaters  and  freedom  from  leakage,  is  a  series  of 
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coiled  tubes.  The  water  is  made  to  circulate  any  ntunber  of  times,  de- 
pending on  the  design,  and  the  steam  is  baffled  by  partitions  in  the  shell  to 
secure  proper  distribution  of  heat.  Since  the  exchange  of  heat  between 
steam  and  water  must  take  place  throi^h  the  metal  walk  of  the  tubes,  it 
follows  that  the  efficiency  of  such  a  heater  is  a  direct  function  of  the  con- 
ductivity of  the  tubes,  the  thorough  breaking-up  or  circulation  of  the  water, 
and  the  proper  distribution  of  the  steam  in  the  heat«r. 

The  closed  type  of  feed-water  heater  is  used  to  good  advantage  where  a 
8oft  water,  containing  but  little  scale-forming  material  is  used,  since  the 
efficiency  of  the  heater  is  seriously  impaired 
by  deposition  of  scale  much  as  in  a  boiler. 
Such  scale  is  more  or  less  difficult  to  remove. 
On  the  other  hand,  using  a  soft  water,  the 
machine  can  be  run  a  long  time  between 
cleanings.  No  trouble  is  experienced  with 
oO  in  the  feed  water  since  the  steam  never 
comes  in  direct  contact  with  the  water. 
Simplicity  of  construction  and  operation  are 
two  1^  the  outstanding  features  of  the  closed 
feed-water  heater.  Fig.  58  shows  a  closed 
heatsr  of  standard  make. 

Open  or  AtmosiAeric  Feed-water  Heat- 
ers. The  open  beater  differs  from  that  of 
the  closed  type  in  that  the  steam  comes  in 
direct  contact  with  the  cold  water.  The 
apparatus  is  open  to  the  air  by  means  of  a 
vent  which  allows  the  escape  of  gases  liber-  ' 
ated  from  the  water.  Steam  purified  by  an 
(h1  filter,  installed  as  a  part  of  the  heater,  is 
allowed  to  blow  between  and  around  a  aeries  f,o.  jg. 

of  removable  traya  arranged  one  above  the 

other  in  such  way  that  the  water  is  showered  down  hke  rain.  The  heated 
water  falls  to  a  hot  well  in  the  bottom  of  which  is  located  a  filter  for  the 
removal  of  suspended  particles.  The  condensed  steam  becomes  mixed 
with  the  heated  water  and  thus  distilled  water  is  added  to  the  system. 
Automatic  control  is  secured  by  properly  constructed  valves.  The  sectional 
view  (Fig.  59)  clearly  shows  the  construction  of  such  a  heater.  Because 
of  the  more  efficient  heat  exchange,  higher  temperatures  are  obtained 
in  heaters  of  this  type  with  more  complete  removal  of  gases,  and  scale- 
fonning  constituents.  The  gases  escape  through  a  vent  at  the  top. 
Scale  deposited  on  the  trays  is  removed  periodically  by  removing  and 
scrajHng  the  trays.  Precipitates  formed  and  matter  in  suspen^on  are 
removed  by  the  filter  which  ehould  also  be  cleaned  at  proper  intervals. 
The  ready  manner  in  which  precipitated  and  deposited  impurities  are  dis- 
posed of  permits  the  use  of  a  feed  water  higher  in  scale-forming  constit- 
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uents  than  does  a  closed  heater,  but  it  should  always  be  remembered  that 
heat  alone  will  not  efficiently  purify  a  water  for  boiler  use,  and  a  feed- 
water  heater  is  not  in  itself  primarily  a  water-purifying  system. 

Regarding  the  reactions  which 
go  on  when  feed  water  is  heated  by 
steam  as  described  above,  it  may  be 
said  that  virtually  the  same  reactions 
take  place  in  both  the  open  and 
closed  heaters.  The  completeness 
ia  another  matter  and  depends  on 
the  time  allowed  for  reactions,  the 
temperature  that  the  water  attains, 
and  the  amount  and  nature  of  the 
impurities  present.  In  general,  the 
open  heater  secures  better  results 
since  the  temperature  is  apt  to  be 
higher  in  this  type. 

The  first  noteworthy  effect  in  an 
atmoapherio  heater  is  the  escape 
from  the  water  of  dissolved  gases. 
According  to  Smith  ^  the  evolution 
of  gases  absorbed  from  the  atmos- 
phere begins  at  about  67"  C.  (120° 
Fia.  69.  F.)  and  slowly  increases  in  intensity 

up  to  about  88'  C.  (190'  F.). 
Further  heating  produces  a  vety  rapid  increase  in  gas  evolution  until  at  the 
boiling-point  the  expulsion  is  vety  nearly  complete.  In  atmospheric  heaters, 
therefore, complete  removal  of  dissolved  gases  is  the  first  step  in  purification. 
The  changes  which  follow  appear  to  depend  upon  the  relations  which 
the  basic  radicles  bear  to  the  bicarbonate  and  cubonate  radicles  in  the 
presence  of  water  at  various  temperatures.  Aluminum,  even  in  the  cold, 
rapidly  precipitates  as  the  hydrate  with  liberation  of  carbon-dioxide  under 
these  conditions.  This  is  the  action  depended  upon  for  coagulation  with 
aluminum  sulphate  previously  noted.  It  is  so  rapid  and  complete  that  it  ia 
safe  to  assume  that  aluminum  radicle  will  never  be  present  in  a  system 
of  dissolved  sohds  containing  carbonate  or  bicarbonate  radicles.  In  hot 
water  iron  acta  similarly,  though  more  slowly,  if  oxygen  also  is  present. 
In  the  absence  of  oxygen  a  carbonate  of  iron  precipitates.  The  removal 
of  iron  is,  however,  a  comparatively  unimportant  action  of  the  feed-water 
heater.  The  complexity  of  the  results  obtained  by  heating  a  solution 
containing  oTily  magnesium,  carbonate,  and  bicarbonate  radicles  has  been 
shown  by  Davis.*    He  found  that  ma^esium  carbonate  is  the  only  precip- 

>  Smith,  Jatnea  Alexander,  EngineeriTig,  Vol.  LXXVIIT,  1904,  p.  486. 
■  Davia,  W.  A.,  Studies  of  Baaic  CarbonateB,  Jour.  Soc  Chem.  Ind.,  Vol.  XXV, 
1906,  p.  788. 
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itate  caused  by  heating  at  temperatures  leas  than  78°  C.  (172°  F.).  From 
this  temperature  to  the  boiling-point  a  mixture  of  carbonates  and  the 
hydrate  was  precipitated.  Fintdly,  prolonged  boihng  produced  a  con- 
tinued precipitation  of  magnesium  hydrate.  Some  magnesium  was  found 
in  solution  even  after  boiling  75  minutes.  This  complexity  ha«  rendered 
difficidt  estimates  of  the  completeness  of  the  precipitation  as  measured 
by  the  solubility  of  magnesium. 

Engel  and  Ville '  have,  however,  established  the  fact  that  m^Besium 
is  practically  insoluble  in  the  presence  of  carbonate  or  bicarbonate  radicles 
at  boiling  temperature  under  atmospheric  pressure.  This  condition  is 
only  reached  by  prolonged  boiling  and  at  slightly  lower  temperature  the 
solubility  is  increased  beyond  the  magnesium  content  of  ordinary  waters. 
A  partial  precipitation  of  magnesium  radicles  in  an  atmospheric  feed  water 
heater  is,  therefore,  to  be  expected,  but  such  precipitation  will  probably 
never  be  complete,  will  vary  greatly  with  shght  temperature  changes,  and 
cannot  be  depended  upon  to  reduce  materially  the  magnesium  radicles 
present  in  the  water.  This  is  corroborated  by  practical  results  of  such 
heaters.  Calcium,  though  easily  soluble  at  ordinary  temperatures,  forms 
the  neariy  insoluble  calcium  carbonate  at  100°  C.  (212°  F.).  Consider- 
able time  is  required  to  make  the  action  complete  so  the  figure  established 
by  Le  Blanc  and  Novotny  ^  (8.3  parte  per  million  of  calcium  soluble  in  the 
presence  of  bicarbonate  or  carbonate  radicles  at  95'  C.  to  100°  C.)  may  be 
increased  to- 15  parts  per  million  of  calcium  for  practical  use  in  connection 
with  the  atmospheric  feed-water  heater.  Sodium  and  potassium  are  very 
soluble  in  the  presence  of  carbonate  or  bicarbonate  radicles  and  all  theae 
radicles  may  be  found  in  solution  at  high  temperatures  after  iron,  cal- 
cium, and  magnesium  have  been  precipitated. 

The  precipitates  fonued  as  indicated  above  act  as  coagulants  and 
carry  down  with  them  a  portion  of  the  suspended  and  colloidal  matter 
in  water.  The  reduction  is  variable  but  complete  removal  of  suspended 
mattei  and  20  per  cent  removal  of  colloidal  matter  may  be  usually  ex- 
pected with  the  atmospheric  heater. 

Sealed  heaters  are  less  effective  than  atmospheric  in  purifying  water 
because  the  dissolved  gases  are  not  allowed  to  escape  and  because  the 
somewhat  lower  tcsnpraature  and  higher  pressures  usually  encountered 
with  this  type  result  in  decreased  precipitation. 

The  purification  effected  by  heaters  will  depend,  in  addition,  upon  the 
settling  space  or  filtration  devices  provided  for  precipitates.  In  connec- 
tion with  atmospheric  heaters,  the  use  of  chemical  precipitants,  properly 

'  Engel,  F.  and  Ville,  J.,  Snr  ]&  aolubilitd  du  carbonate  de  magofisie  dana  I'eau  charge 
d'acide  carbooique,  Compl.  Rtnd.,  Vol.  XCIII,  ISSl,  p.  340. 

Engel,  R.,  Sur  la  diasolution  du  csrboDate  de  mago^Bie  pal  I'acide  carbouique, 
Comj^.  Bend.,  Vol.  C,  18S5,  pp.  352  and  444. 

■  Le  Blaae,  M.,  and  Novotny,  K.,  Uber  die  Kaustizierung  von  Natriumkarbonat  und 
Kftlhimkarbonat  mit  Kalk,  ZeU.  anorg.  Chem.,  Vol.  LI,  1906,  p.  18L 
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applied,  will  produce  a  very  high  degree  of  purification  of  boiler  feed  water. 
In  such  case  the  heater  is  in  effect  a  hot  system  watei^^oftemng  plant. 

Boiler  Compounds.  Boiler  compounds  are  substances  or  mixtures  of 
substances  which  are  added  to  feed  water  for  the  purpose  of  preventing 
the  formation  of  hard  scale  in  boilers.  The  variety  is  wide  and  their 
number  countless,  but  all  are  supposed  to  act  either  mechanically  to  mingle 
with  the  scale  and  prevent  cementing  or  chemically  to  produce  a  flocculent 
precipitate  in  the  boiler.  The  danger  of  using  such  substances  as  graphite, 
clay,  talc,  etc.,  comes  from  the  possibility  that  they  may  lump  together 
or  settle  in  a  mass  on  the  tubes  or  crown  sheets,  causing  overheating  with 
its  attending  results.  Even  presuming  th^  do  fonp  a  film  over  the  bot- 
face  of  the  tube  so  that  the  Bcale  cannot  adhere,  all  these  substances  are 
heat  insulators  and  htUe  is  gained  by  substituting  a  coating  of  this  kind  for 
the  scale  itself.  Fats,  steirches,  wood  extracts,  tannates,  and  other  organic 
materials  used  with  discrimination  have  some  value  as  boiler  coff  pounds. 
Their  action  is  reasonably  explained  by  the  theory  of  "  protective  col- 
loids." This  theory  applied  to  the  action  of  such  substances  states  that 
changes  which  substances  in  an  extremely  fine  state  of  division  undet^o, 
namely  from  suspension  to  a  fine,  soft  Hocculent  precipitate  growing  in 
size  by  absorption  or  cohesion,  uniting  more  and  more  firmly  together  and 
gradually  hardening  to  a  crystalline  state,  may  be  prevented  before  the 
hardening  stage,  by  the  use  of  other  colloids  which  inhibit  the  change. 
This  theory  has  more  or  less  scientific  backing,  and  use  of  such  curious 
compounds  as  old  leather  or  an  oak  board  may  have  real  foundation  in 
reason.  The  compounds  which  act  chemically  to  precipitate  incrustants 
are  better  understood,  can  be  adjusted  to  suit  any  average  condition,  and 
they  are  therefore  more  reliable  ^ents  when  made  up  according  to  the 
analysis  of  the  water  treated  and  used  according  to  directions.  Sodium 
carbonate,  sodium  hydroxide,  sodium  phosphate,  alkaline  sihcates,  barium 
salts,  chromates  and  oxalates,  and  mixtures  of  two  or  more  of  these  sub- 
stances are  used.  The  result  should  be  a  soft  non-adhering  scale  which 
can  be  removed  from  time  to  time  by  blowing-off. 

At  best  the  use  of  boiler  compounds  is  but  a  partial  substitute  for 
softening  feed  water.  Where  instaUations  are  small  they  may  be  used 
to  advantage.  In  general  their  use  may  be  likened  to  the  administration 
of  certain  varieties  of  rat  poison  which,  although  effectively  causing  the 
termination  of  the  rodent's  mortal  ex^ence,  yet  make  necessary  the 
rather  difficult  and  troublesome  removal  of  his  earthly  remains. 

Water  Softening.  Water  softening  consists  in  adding  chemicals  to  the 
water  to  precipitate  its  hardening  Constituents,  subsidence  to  rranove  the 
greater  part  of  the  precipitate  thus  formed,  and  filtration  to  effect  a  more 
complete  clarification.  Under  present  practice,  the  entire  softening 
process  is  carried  out  almost  automatically  in  specially  constructed  water- 
softening  machines,  one  type  of  which  is  described  on  page  93.  An 
analysis  of  the  water  to  be  treated  indicates  approxhnately  the  quantity 
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and  kind  of  chemicals  that  should  be  added  and  the  machine  is  adjusted 
to  add  them  automatically. 

The  hardening  constituents  of  water,  those  which  will  decompose  soap, 
are  the  iron,  aluminum,  calcium,  magnesium,  and  hydrogen  radicles.  The 
dissolved  gases,  carbon  dioxide  and  hydrogen  sulphide,  may  act  similarly 
to  a  slight  degree,  because  they  give  rise  to  the  presence  of  hydn^ien 
radicles  when  dissolved  in  water.  The  chemicals  customarily  used  for 
softening  are  lime,  CaO,  slaked  and  added  as  calcium  hydroxide,  Ca(0H)2, 
and  Boda  ash,  Na2C03.  By  their  aid  the  greater  part  of  the  suspended 
and  colloidal  matter,  carbon  dioxide,  hydrogen  sulphide,  and  the  iron, 
aluminum,  calciimi,  magnesitim,  hydrogen,  carbonate,  and  bicarbonate 
radicles  of  the  water  are  removed.  Lime  alone  will  usually  remove  the 
greater  part  of  these  impurities,  but  for  more  complete  reduction  of  cal- 
cium soda  ash  is  often  used.  There  are  other  chemicals  that  wiU  accom- 
plish the  same  results  as  time  and  soda  ash,  some  of  them  with  more 
efiFectiveness  and  convenience,  but  the  relative  cheapness  of  those  named 
has  resulted  in  their  almost  exclusive  use  for  softening  purposes. 

The  principles  of  water  softening  are  comparatively  simple.  The  two 
substances  which  it  is  generally  most  desirable  to  remove  are  calcium 
and  magnesium.  The  former  will  be  precipitated  in  the  presence  of  car- 
bonate radicles  (CO3),  and  the  latter  will  pass  out  of  solution  in  the  pres- 
ence of  hydroxyl  radicles  (OH).  To  soften  water,  therefore,  it  is  only 
necessary  to  provide  an  exces  of  CO3  and  OH.  Soda  ash,  Na2C03,  will 
furnish  CO3;  and  slaked  lime,  Ca(0H)2,  will  furnish  OH  directly,  and 
by  reaction  with  CO2  and  HCOj  will  furnish  COa  also. 

Upon  adding  soda  ash  to  a  water,  carbon  dioxide,  hydrogen  sulphide, 
iron,  aluminum  and  hydrt^en  radicles  appropriate  the  first  of  the  COs, 
but,  because  these  radicles  are  not  often  present  in  great  amount,  little 
soda  ash  is  required  for  tbem.  The  reactions  may  be  assumed  to  take 
place  as  follows: 

C08+C02+H20=2  HCO3; 

COa+HaS  =HS-|-HC03; 

COa+Fe  =reC03; 

3  COa+Al+S  H20=3  HC0a-f-AlC0H)8; 

COs+H  -HCO3. 

The  iron  and  aluminum  compounds  thus  formed  are  precipitated.  The 
bicarbonate  radicle,  together  with  the  sodium  radicle  which  is  added, 
passes  into  the  chemical  system  of  dissolved  solids. 

The  next  result  of  adding  soda  ash  is  attended  by  the  appropriation 
of  CO3  radicles  by  calcium,  thus: 

C0a+Ca=CaC03. 
Most  of  the  calcium  carbonate  thus  formed  falls  a«  a  precipitate,  sodium 
taking  the  place  of  calcium  in  the  system  of  dissolved  solids.    This  pre- 
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cipitatioD  of  calcium  U  never  complete.  In  water  freefrcwn  other  radicles, 
5,2  parts  ^  per  miUion  of  calcium  will  remain  in  solution  in  the  presence  of 
carbonate  radicles  at  ordinary  temperature.  In  wateD^oftening  practice 
this  minimum  limit  is  very  seldom  reached.  The  content  of  calcium  in 
softened  waters  may  be  as  high  &a  20,  but  will  average  about  12  parte 
per  million.  The  addition  of  soda  ash  in  excess  of  that  required  by  the 
foregoing  reactions  will  tend  to  make  the  precipitation  of  calcium  a  max- 
imum, removing,  however,  only  a  few  additional  parts  per  miUion.  No 
other  softening  action  is  obtained  by  an  excess  of  soda  ash.  When  slaked 
lime,  Ca(0H)2,  is  added  to  a  water,  it  supplies  OH  radicles  which  are  first 
appropriated  by  carbon  dioxide  and  hydrogen  sulphide  and  iron,  alununum 
and  hydrogen  radicles,  thus: 

2  OH+C02-COa+H20; 
0H+H2S=HS+H20; 

2  0H+Fe    =Fe{0H)2; 

3  0H+A1    =AI(0H)3; 
OH+H     =H20; 

These  minor  changes  result  in  precipitation  of  iron  and  aluminum. 
Their  place  in  the  system  of  dissolved  solids,  however,  is  taken  by  the 
added  calcium,  so  that  no  softening  is  acccnnplished.  A  further  addition 
of  Ca(0H)2  results  in  the  appropriation  of  OH  radicles  by  the  HCOs 
and  Mg  radicles,  as  follows: 

OH+HCOa^COa+HaO; 
2  0H+Mg      =Mg(0H)2. 

The  first  of  these  reactions  provides  COb  which,  in  turn,  precipitates  Ca 
as  indicated  in  the  case  of  soda  ash.  If  the  water  originally  contains  suf- 
ficient HCO3  radicle  to  react  with  all  the  Ca,  the  calcium  content  may  thus 
be  reduced  to  about  28  parts  per  million  before  the  second  reaction  takes 
place  in  any  notable  degree.  A  further  addition  of  lime  brings  the  second 
reaction  into  greatest  prominence  and  results  in  precipitation  of  mag- 
nesium to  its  practical  minimum  value  of  about  5  or  6  parts  per  million  at 
ordinary  tenperatures.  In  the  presence  of  an  excess  of  HCO3  the  first 
reaction  also  continues,  so  that  both  magnesium  and  calcium  may  be 
reduced  to  a  minimum.  In  the  absence  of  HCOa  radicle  the  precipita- 
tion of  magnesium  is  accompanied  by  an  equivalent  increase  in  calcium 
and  the  addition  of  soda  ash  becomes  necessary  for  maximum  softening. 

Consideration  of  the  foregoing  reactions  and  their  results  makes  it 
possible  to  calculate  with  a  considerable  degree  of  accuracy  the  quan- 

■  Le  Blanc,  M.,  and  Novotny,  K.,  Uber  die  Kaustisierung  von  NatriumkEirbonat  und 
Kaliumkarbonat  mit  Kalk;  Zeit.  anorg.  Chem.,  Vol.  LI,  p.  181,  1906. 

Whipple,  G.  C,  and  Mayer,  A.,  Jr.,  The  Solubility  of  Calcium  Carbonate  and  of 
Magnesium  Hydroxide  and  the  Precipitation  of  these  Salts  with  Lime  Water;  Reports 
and  Papere  of  the  Am.  Pub.  Health  Assoc.,  Vol.  XXXI,  Part  2,  p.  161,  1005. 


vL.OOgIC 


WATER   FOR  INDUSTRIAL  USE  89 

titles  of  lime  and  soda  ash  to  be  used  for  partial  or  maximum  softening 
of  waters.  In  terms  of  reacting  values  and  also  in  terms  of  pounds  per 
thousand  gallons,  these  quantities  of  lime  and  soda  ash  are  given  in  the 
following  fonnulas: 

Maximum  softening,  including  removal  of  COz,  HzS,  Fe,  AI,  H,  all  but 
about  12  parte  per  million  of  Ca,  and  all  but  about  5.5  parte  per  million  of 
Mg,  obtained  by  use  of  lime  and  soda  ash  in  conjunction  applied  as  follows: 

(a)  Pounds  90' per  cent  lime  required  per  1000  gallons 

-0.26  (rFe+rAl+rMg+rH+rHCOs +0.0464  CO2+0.0294  HaS)   . 
-0.00931  Fe+0.0288  Al+0.0214  Mg+0.258  H+0.00426  HCO3 
+0.0118  COa+0.00763  H2S. 

(b)  Pounds  95  per  cent  soda  ash  required  per  1000  gallons 

-0.465  (0.0294  HaS+rFe+rAI+iCa+rMg+rH-rCOs-rHCOs) 
-0.0137  H2S+O.OI67  Fe+0.0515  Al+0.0232  Ca+0.0382  Mg 
+0.461  H-0.0155  CO8-0.00762  HCOa. 

Softening  with  soda  a^  alone,  ronoval  of  CO2,  H3S,  Fe,  Al,  E,  and 
all  but  about  12  parts  per  million  of  Ca  can  be  accomplished  with  the  fol- 
lowing dose  of  soda  ash : 

(c)  Pounds  95  per  cent  soda  ash  required      r  lOQO  gallons 

=0.465  {0.0454  CO2+0.0587  H2S+rFe-t-2rAl+iCa+2rH) 
-0.0211  CO2+O.O273  H2S+0.0167  Fe+0.103  AI+0.0232  Ca 
+0.923  H.   -  V 

Softening  with  lime  atone  to  secure  maximum  r^noval  of  m^gnesiimi 
requires  the  use  of  the  doee  shown  in  formula  (a).  By  this  dose  removal  of 
CO3,  H2S,  Fe,  Al,  H,  is  accomplished  and  all  but  about  5.5  parts  of 
magDemum  may  be  removed.  ^  Whether  calcium  is  increased  or  reduced 
will  depend  upon  the  content  of  CO3  and  HCO3  in  the  water.  If  it  is 
desired  to  secure  a  partial  softening  with  respect  to  calcimn  only,  removal 
of  CO2,  HsS,  Fe,  Al,  H,  and  an  economic  maximum  of  Ca  can  be  accom- 
plished as  follows: 

Case  1.  rCOs+rHCOs  greater  than  rFe+rCa.  Use  dose  of  formula 
(a)  omitting  terms  containing  Mg  and  HCO3  and  adding  the  term  rCa 
(or  0.0130  Ca  in  the  second  form). 

Case  2.  rCOa+rHCOs  not  greater  than  rFe+rCa.  Use  formula  (0), 
omitting  terms  containing  Mg. 

The  use  of  soda  ash  to  supply  COs  radicles  for  water-softening  results 
in  an  increase  in  the  highly  soluble  constituents,  for  the  sodium  thus 
added  remains  in  sdution.  In  some  industrial  uses  of  water  a  great  in- 
crease in  content  of  sodium  is  accompanied  by  very  undesirable  effects. 
In  such  cases  it  may  be  necessary  to  use  in  place  of  soda  ash  some  car- 
bonate whose  base  will  not  be  held  in  the  dissolved  system  by  SO4  or  CI 
ndidea.    Ko  commercial  cmnpound  that  will  wholly  fulfill  these  condi- 
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tiona  has  been  used.  Barium,  Ba,  however,  will  not  remain  in  BcJutiim 
with  SO4  radicle.  Barium  carbonate,  BaCOs,  therefore  possesses  a  dis- 
tinct advantage  over  soda  ash  in  the  treatment  of  highly  sulphated  waters. 
It  is  itself  nefirly  insoluble  but  can  be  added  to  the  water  in  euspension, 
any  excess  above  the  amount  required  for  the  reactions  being  removed  with 
the  precipitate.  It  has  the  disadvantage  of  a  comparatively  high  price. 
Lime,  soda  ash,  and  barium  carbonate  can  be  used  in  conjunction  for 
softening  as  follows: 

lime:   Dose  shown  by  formula  (a). 

(d)  Minimum  dose  pounds  of  95  per  cent  soda  ash  per  1000  gallons 

=0.465  (rCl+rNOs-rNa-rK) 

=  0.0131  Cl+0.0075  NOa-0.0202  Na-0.0U9  K. 

If  the  dose  thus  calculated  be  negative,  no  soda  ash  is  required.  This 
will  generally  be  the  case.  The  dose  as  calculated  may  be  increased 
at  will,  the  point  in  such  increase  being  to  keep  the  value  of  the  expres- 
sion Na+K-|-0.435  soda  ash  below  the  allowable  maximum  of  Na+K  in 
the  particular  industrial  use  for  which  the  softening  is  undertaken. 

(e)  Barium  carbonate  required,  pounds  per  1000  gallons 

=0.8225  (0.0294  H2S-|-rFe-|-rAl-|-rCa-|-rMg+rH-rC0a  -rHC08-2.15 
soda  ash). 
=0.0242  HaS+0.0296  Fe-f-0.0910  Al+0.0411  Ca+0.0676  Mg 

+0.816  H-0.0274  COa-0.0135  HCOs-l.T?  soda  ash. 

By  the  term  "  soda  ash  "  in  formula  («)  is'  meant  the  dose  (rf  95  per 
cent  soda  ash,  in  pounds' per  1000  gallons,  actually  used  in  treating  the 
water. 

The  quantities  of  chemicals  given  above  are  based  upon  the  reactions 
that  would  theoretically  take  place  in  water  softening.  They  have, 
however,  been  tested  by  computations  upon  many  practical  softener 
installations  and  have  been  found  to  be  substantially  correct.  They 
can  safely  be  used  for  estimatitig  cost  of  chemicals  for  softening  and  for 
starting  water  treatment.  The  results  of  treatment  may  in  some  cases 
warrant  a  slight  change  of  the  calculated  dose. 

Successful  softening  machines  are  so  designed  that  the  chemicals  and 
water  are  thoroughly  mixed,  that  adequate  time  for' the  reactions  is  allowed, 
that  a  suitable  sedimentation  compartment  is  traversed  by  the  water 
before  filtration,  that  a  final  rapid  filtration  will  remove  all  remaining 
traces  of  matter  in  suspension.  Neglect  of  any  one  of  these  featiues  will 
mEike  the  best  lesults  incapable  of  attainment.  If  the  reactions  are  in- 
complete when  the  water  leaves  the  softener,  "  after  deposits  "  of  pre- 
cipitates are  hkely  to  occur,  causing  much  trouble.  To  prevent  this, 
softened  waters  are  sometimes  treated  with  carbon  dioxide,  which  will 
hold  in  solution  the  calcium  and  magnesiimi  which  would  otherwise  form 
after  deposits.    This  practice  is  to  be  commended  as  a  preventive  of 
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deposits  in  the  cold,  but  the  material  ia  thrown  down  in  any  case  when  the 
water  is  heated  and  the  addition  of  carbon  dioxide  increases  the  corro' 
sive  action  under  some  conditions.  Carbonating  softened  water  is,  there- 
fore, by  no  means  a  practice  devoid  of  deleterious  results. 

Softened  water  has  many  applications  in  the  industries.  It  is  also 
used  for  drinldng  purposes,  for  which  it  is  doubtless  better  suited  than 
many  of  the  untreated  waters.  Inasmuch  as  barium  salts  are  poisonous 
in  comparatively  small  quantities,  however,  water  treated  with  the  car- 
bonate or  other  saltB  of  barium  cannot  be  drunk  with  assured  safety. 

The  completeness  of  mATim»m  softening  <^  water  is  remarkably 
uniform.  With  more  perfect  r^ulation  of  the  chemical  dose  and  subse- 
quent softening  operations,  even  greater  uniftmnity  would  be  attained. 
The  following  taUes  illustrate  the  uniformity  secured  in  practical  softening 
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-installations  and  includes  the  results  of  treating  47  misceUaneouB  waters, 
the  dosing  of  which  was  not  in  all  cases  such  as  to  [HYKluce  maximum 
softening.  The  analyses  represent  two  diiferent  types  of  softenisg  ma- 
chines and  were  made  at  12  different  laboratories.  They  are  believed, 
therefore,  to  be  fairly  representative. 

From  these  tables,  it  appears  that  suspended  matter  and  free  carbon 
dioxide  are  completely  removed  by  softening;  calcium  and  magnesium 
are  reduced  to  12  and  5.2  parts  per  million,  respectively;  colloidal  matter 
is  reduced  by  about  30  per  cent,  including  about  25  per  cent  reduction  in 
silica  and  50  per  cent  reduction  in  iron  oxide  and  alumina.  Silica  shows 
the  least  reduction,  but  the  detailed  analyses  from  which  these  tables 
were  prepared  indicate  that  the  silica  found  in  the  softened  water  is  in 
great  measure  derived  from  the  glass  of  the  bottles  in  which  the  water  was 
stored  previous  to  analysis.  It  is  believed,  therefore,  that  50  to  75  per 
cent  of  colloidal  matter  will  ordinarily  be  removed  in  softening.  In  the 
absence  of  definite  proof,  however,  the  figures  first  cited  had  best  be  taken 
as  the  average  performance  of  the  water  softener.  Of  the  acid  radicles, 
the  bicarbonate  is  completely  removed  and  the  carbon&te  reduced  to 
about  30  to  40  parte  per  million  with  complete  softening.  If  barium 
carbonate  be  used,  the  sulphate  radicle  may  be  removed  completely. 

Water  Softeners.  The  recognized  standard  method  for  the  proper 
treatment  of  waters  for  boUer  purposes  is  that  of  adding  to  the  water, 
in  tanks  designed  for  the  purpose,  certain  chemicals  in  proportion  to  the 
amount  and  nature  of  the  ingrediente  to  be  removed  and  the  volume  of 
water  treated.  The  major  portion  of  the  precipitate  formed  is  allowed 
to  settle  and  the  rest  is  removed  by  filtration.  When  properly  controlled 
by  chemical  analysis  of  the  raw  and  treated  water,  the  chemicals  added, 
and  operated  in  accordance  with  the  results,  this  method  can  be-made  to 
satisfy  all  ordinary  conditions. 

There  are  two  general  types  of  such  softeners — one  known  as  the  cold 
process,  the  other  using  the  beneficial  effects  of  heat  to  hasten  and  com- 
plete reactions,  called  the  hot  process.  Cold-water  softeners  may  be 
further  divided  into  intermittent  and  continuous. 

The  intermittent  system  employs  tanks  operating  in  pairs.  They 
are  filled  alternately  with  water;  while  one  is  filling  the  ret^ents  tue 
introduced  and  thoroughly  mixed  by  mechanical  stirring  devices  usually 
rotating  paddles.  Setthng  is  hastened  by  stirring  up  the  particles  from  a 
former  treatment,  which  particles  act  as  nuclei  upon  which  precipitation 
may  start  and  larger  crystals  form.  By  the  time  the  tank  is  filled  all 
the  reagent  has  been  added,  the  stirring  device  is  stopped,  and  the  pre- 
cipitate allowed  to  settle.  The  softened  water  is  drained  from  near  the 
surface  by  means  of  a  floating  hinged  pipe,  so  arranged  that  as  the  level 
of  the  water  is  lowered  neither  the  surface  scum  nor  the  precipitate  at  the 
bottom  is  allowed  to  pass  through.  This  materially  lessens  the  duty  of 
the  filter  through  which  usually  the  water  next  passes  before  use.  While 
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one  tank  is  being  thus  used  for  reaction  and  settlii^,  the  other  is  supplying 
treated  water,  the  process  being  so  regulated  that  a  constant  supply  of 
soft  water  is  always  available.  Sludge  is  disposed  of  when  necessary 
by  simply  opening  a  sludge  gate  at  the  bottom  of  the  tank  and  startmg 
the  stirring  device.  It  is  claimed  for  this  type  of  softener  that  eince 
definite  quantities  of  water  are  treated  each  time  and  the  exact  amount 
of  chemicals  weighed  out,  it  is  possible  to  treat  more  accurately  any  water 
no  matter  how  it  may  vary  in  quahty. 

Continuous  Water  Softener.    The  essential  feature  of  this  type  as 
distinguished  from  the  intennittent  is  a  continuous  feed  of  raw  water 
and  chemicals  and  a  resulting 
uninterrupted  flow  of  treated 
water  from  the  softener.  The 
details    of    construction,    as 
with    many  machines,  vary  ^^^ 
to  a  considerable  extent.     A 
typical  softener  is  here  de- 
scribed   but    many    others 
equally  efficient  might  have 
been   selected   as   examples. 
Fig.    60    shows  a  sectional 
view    and  general   arrange- 
ments of  the  apparatus. 

This  softener  is  operated 
from  the  ground  level  where 
the  preparation  and  mixing 
of  the  reagents  can  be  readily 
inspected  and  controlled. 
The  tanks  are  usually  built 
of  steel.  The  raw  water  is 
pumped  to  the  top  of  the 
softener  and  allowed  to  flow 
upon  an  over-shot  wheel 
which  fiunishes  ail  the  power 
necessary  to  operate  the  mix- 
ing devices  and  chemical 
pumps.    From  the  wheel  the 

water  passes  over  a  raw-water  „      „ 

weir  into  the  top  of  the  mix- 
ing chamber  where  it  is  treated  with  the  proper  quantity  of  chemicals, 
which  is  r^ulated  and  operated  by  the  flow  of  raw  water.  The  mixing 
chamber  is  provided  with  a  vertical  shaft  on  which  are  mounted  a  large 
Diunber  of  paddles  to  secure  vigorous  stirring  and  intimate  mixture  of 
water  and  reagents.  From  the  open  bottom  of  this  chamber  the  softened 
water  slowly  rises,  allowing  sufficient  time  for  the  precipitate  to  settle  to 
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the  bottom  of  the  softener  from  which  it  is  periodically  fiushed  by  opeoing 
a  sludge  valve  provided  for  this  purpose.  By  the  time  the  eoftened  water 
has  reached  the  excelsior  wood-fiber  filter  it  should  be  practically  free 
from  suspended  particles,  but  the  filter  is  used  to  remove  any  that  may 
remain. 

The  edvantagefi  oi  the  continuous  softener  lie  mainly  in  its  large  output 
for  small  apace  required  for  installation,  and  little  labor  and  attention 
required  in  operation. 

Hot-process  Water  Softeners.  The  effect  of  heat  in  hastening  and 
completing  chemical  reaction  is  taken  advantage  of  in  the  so-called  "  hot- 
process  '*  water  softeners.  Except  the  addition  of  an  arrangement  for 
chemical  feed,  construction  and  operation  of  these  devices  differs  but 
little  from  open  feed-water  heaters. 

When  pn^rly  designed  and  operated  to  give  adequate  time  for  reac- 
tion, high  enough  temperature,  automatic  and  accurate  control  of  chem- 
ical feed,  and  proper  filtration,  this  type  of  sf^tener  has  several  advantages 
worthy  of  mention.  In  the  first  place,  they  perform  all  the  functions  of  an 
open  feed-water  heater,  using  exhaust  steam,  occasionally  with  some  hve 
steam  to  secure  adequate  heating.  A  decided  saving  in  coal  is  thus 
effected.  Condensed  exhaust  may  be  returned  to  the  softener  with  a 
resulting  decrease  in  quantity  of  raw  water  to  be  treated.  The  use  of 
only  one  reagent,  soda  ash,  simplifies  and  hence  tends  to  easier  and  better 
regulation  of  the  chemical  treatment. 

■  Proper  heating  effects  the  complete  removal  of  the  free  carbon  dioxide 
and  temporary  hardness.  The  quantity  of  chemical  necessary  for  puri- 
fication is  thus  materially  reduced.  The  accelerating  action  of  the  higher 
temperature  has  already  been  mentioned,  and  to  this  may  be  added  that 
the  reactions  tend  to  go  farther  toward  theoretical  completion.  The  pre- 
cipitates formed  are  more  coarsely  granular  and  hence  settle  more  rapidly 
and  completely. 

Attention  must  be  directed  to  the  fact  that  the  above  statements 
apply  only  to  softeners  properly  designed,  properly  cared  for,  and  oper- 
ated reasonably  close  to  the  rated  capacity. 

Pennutit.  One  of  the  more  recent  and  most  important  developments 
in  the  art  of  water  softening  has  been  in  the  use  of  permutit.  This  mate- 
rial, an  artificial  zeohte  having  the  formula  2Si02-At203-Na20-6H20,  is 
insoluble  in  water  but  reacts  with  the  calcium  and  magnesium  of  waters  by 
exchange  for  an  equivalent  quantity  of  sodium  from  the  permutit.  A 
great  advantage  over  other  processes  is  due  to  the  ready  regeneration  of 
the  material  by  simply  saturating  the  exhausted  mass  with  a  solution  of 
common  salt.     Typical  softening  reactions  are  as  follows: 

Na2(Al2Si208)  +Ca(HC03)2  =  Ca(Al2Si208)  +2  NaHCOs; 

Na2(AljSi2O8)-l-MgS04  =  Mg(Al2Si2O8)-|-Na2S0<. 

'  DiyilizBC  by  Google 
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The  r^eneration  reaction  may  be  represented  by  the  equation: 
Ca(Al2Si208)+2  NaCl  =  Naa(Al2Si208)+CaCl2. 

A  Bcctional  view  of  a  permutit  filter  is  shown  in  F^.  61.  A  pre- 
filter  is  shown  in  the  tank  above  the  permutit  bed.  Its  purpoee  is 
to  remove  suspended 
matter  which  would  clog 
the  pore  spaces  of  the 
permutit.  This,  with  its 
connections  and  a  salt 
solution  tank,are  the  only 
requisites  in  the  line  of 
apparatus.  The  water 
passes  through  the  pre- 
filter  at  the  top  of  the 
pressure  tank  percolates 
through  the  permutit,  is 
softened  and  flows  into  a 
space  below.  When  the 
permutit  has  become  ex- 
hausted a  solution  of 
common  salt  is  allowed 
to  flood  the  strftening 
material  from  below  and 
after  a  proper  period 
washed  out  and  the  per- 
mutit is  again  ready  for  p^  m 
service. 

The  advantages  of  this  process  are  many.  It  produces  a  water  of  zero 
hwdness,  is  simple  to  operate,  requires  Uttle  space,  is  flexible  in  opera- 
tion, autotmatic^y  takes  care  of  variation  in  hardness  of  raw  water,  and 
forms  no  sludge.  However,  attention  must  be  called  to  the  following 
points: 

The  softened  water  contains  in  every  case  a  higher  concentration  of 
sodium  salts  than  the  raw  water,  and  the  cost  is  greater  than  the  lime- 
soda  method. 

Distillation.  Conditions  exist  where  softening,  filtration,  and  many 
other  purification  processes  are  of  no  avail.  Certain  industries  must  have 
an  absolutely  pure  water,  and  in  some  locaUties  no  water  fit  for  domestic 
or  industrial  use  is  available.  Under  such  conditions  distillation  is  the 
only  resort.    Christie  describes  the  process  as  follows:' 

"One  method  <rf  producing  pure  distilled  water  is  that  in  which  the 
apparatus  introduces  live  steam  into  a  closed  tubular  condenser  at  a 

1  Christ,  WiniuD  Walluw,  Water  ita  Purification  and  Use  in  the  Industries:  D. 
Van  Noetrand  Co.,  N.  Y.,  1912. 
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pressure  of  from  50  to  100  poiinda  per  square  inch  by  gauge,  prefraab^ 
the  higher  pressure.  The  steam  is  coodensed  by  means  of  a  water  jacket 
at  a  lower  pressure  than  is  maintained  in  the  condenser  iteelf.  This 
condensation  generates  some  steam  in  the  water  jacket.  This  steam  is 
carried  into  the  condenser  of  the  next  effect  and  the  process  is  agtun 
repeated  and  continued — a  certain  drop  in  pressure  is  automatically 
maintained  between  each  pair  of  effects,  by  reinforcing  heat  to  compensate 
for  that  lost  by  radiation,  resulting  in  a  high  degree  of  efficiency. 

"The  distilled  water  is  drawn  from  the  several  condensers.  With 
this  device  it  is  said  to  be  possible  to  obtain  as  high  as  ten  galloiiB  of 
water  with  one  pound  of  coal  burned.  Water  thus  prepared  is  said 
to  taste  like  spring  water.  The  gases  generated  and  contained  in  the 
steam  not  coming  in  contact  with  the  water,  the  insipid  or  boiled  water 
flavor  ifi  absent. 

"The  remaining  steam  from  the  last  condenser  may  be  used  at  its 
reduced  pressure  to  run  engines,  or  for  heating,  cooking,  laundry  purposes 
absorption  ice  machines,  ete. 

"Equally  good  results  are  obtained  from  sea  or  alkaline  waters." 

High  cost  of  installation  and  operation  is  the  main  disadvant^e  of  this 
process,  but  where  a  high  d^ree  of  purity  is  an  absolute  necessity  cost  may 
become  a  secondary  consideration. 

Applications.  The  foregoing  formulas  relating  to  value  of  water  la 
steam-making  and  in  irrigation  and  in  water-eoftening  will  now  be  appUed 
to  a  few  analyses,  the  results  of  calcidation  of  the  various  formulas  pre- 
sented and  classification  of  the  waters  in  accordance  therewith  being  given 
below: 
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The  followiDg  boiler  classificatioD  of  the  watera  (including  a  verba)  and 
numerical  classification)  wiU  result  from  the  fore^ing  figures: 

(A)  (15)  Nonfoaming,  (—0.44+0.11)  semicoiroBive,  (0,89)  very  little, 
(0.20)  soft  scale. 

(B)  (21)  Nonfoaming,  (+0.42+1.23)  corrosive,  (1.51)  little,  (0.37) 
medium  scale. 

(C)  (130)  Semifoaming,  (-1.58+1.63)  semicorrosive,  (1.84)  little, 
(0.46)  medium  scale. 

(D)  (30)  Nonfoaming,  (-0.49-0.08)  noncoirosive,  (0.46)  very  little, 
(0.25)  soft  scale. 

(E)  (1057)  Foaming,  (-9.69-8.28)  noncoirosive,  (0.94)  very  little, 
(0.23)  soft  scale. 

The  effect  of  suspended  matter  upon  the  scale  classification  of  fi  is  of 
interest.  N^Iecting  the  suspended  matter,  the  class  would  be  "very 
little  hard  scale." 

For  use  in  irrigation,  E  would  be  classed  as  poor  and  l^e  others  as  good. 

For  detailed  comparison  or  classification  of  waters,  the  formulas  pre- 
sented will  be  found  of  great  value.  It  is  beUeved  that  a  better  general 
understanding  of  waters  and  much  practical  advantage  would  result  if  the 
the  analyst  were  to  devote  to  the  foregoing  calculations  and  the  resulting 
classification  a  portion  of  the  time  usually  spent  in  figuring  hypothetical 
combinationa. 

For  those  who  desire  to  use  the  formulas  the  following  notes  are  of 
special  interest: 

(a)  The  reacting  values  are  necessary  only  in  estimating  the  error 
of  analyses.  Other  formulas  are  presented  in  dual  form  so  that  reacting 
values  may  be  used  or  not,  as  demred.  Generally  their  use  will  shorten 
the  work  of  calculation. 

(6)  The  formulas  are  well  adapted  to  the  use  of  a  shdc  rule  or  similar 
calculating  machine.  They  are  for  use  primarily  in  connection  with 
analyses  expressed  in  parts  per  million  or  miUigrams  per  liter,  but  can 
be  used  for  analyses  expressed  otherwise  if  such  analyses  are  reduced  to 
parts  per  million  by  multiplying  by  the  proper  factors. 

(c)  The  numerical  coefficients  used  in  the  formulas  are  the  result 
of  the  simple  mathematical  calculations  of  chemistry.  Thus  the  coef- 
ficient 0.26  of  formula  for  maximum  softening  is  derived  as  follows:  It 
is  desired  to  find  the  quantity  of  lime  (CaO)  that  will  react  with  certain 
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substances.  The  reacting  value  of  this  lime  must,  <^  course,  equal  the 
sum  of  the  reacting  values  of  the  substances  with  which  it  is  to*react. 
The  parenthesis  of  the  formula  represents  this  reactii^  value.    The 


be  multiplied  by  28.05  to  give  parts  per  million  of  CaO.  This  must  in 
turn  be  divided  by  120  to  give  pounds  per  1,000  gallons.  A  final  division 
by  .90  reduced  the  expression  to  terms  of  lime  of  90  per  cent  purity. 

Thus  28.05  XY25X -55 =^-26-      Other    numerical    ooeffidenta    of    the 

formulas  are  derived  in  s  aiTnilar  manner. 
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Chemiti,  V.  S.  Bureau  of  Minei.  Pitt^ntrgk,  Pa. 

Deflnitian.  A  fuel  is  a  Bubstance  whose  combustion  in  atmospheric 
oxygen  can  be  utilized  as  a  source  of  heat  energy  for  commercial  or  domes- 
tic purposes. 

Classiflcation.  Fuels  are  most  conveniently-  considered  as  divided 
into  three  natural  divisions,  solid,  liquid,  and  gaseous  fuels. 

Elementary  Constituents.  The  two  elements  which  contribute  most 
to  the  heating  power  of  fuel  are  carbon  and  hydrogen.  Though  other 
elements,  such  as  sulphur,  contribute  somewhat  to  the  formation  of  heat, 
the  two  mentioned  above  are  by  far  the  most  important.  That  portion 
of  the  oxygen  which  occurs  in  the  fuel  as  a  partial  oxidation  product  of 
some  compound  constituent  thereof  causes  a  loss  in  the  heating  value, 
as  its  presence  means  that  a  certain  amount  of  the  oxidation  and  heat 
development  have  been  accomplished  outside  the  furnace.  Sulphur  in 
small  amounts  is  usually  found  in  fuels.  In  large  amounts  it  is  undesirable, 
as  it  has  a  corrosive  action  and  renders  the  fuel  unfit  for  metallurgical 
uses.  Nitrogen  is  usually  an  inert  constituent,  escaping  uncombined 
during  combustion.  Silicon  and  phosphorus  are  also  found  in  fuels, 
the  latter  being  undesirabje  in  metallurgical  work.  Together  with  the 
last  two  there  is  usually  a  considerable  amount  of  mineral  matter  which 
is  left  after  combustion  as  ash,  and  usually  a  certain  amount  of  water 
which  occurs  free  in  the  fuel.  Ash  is  undesirable,  as  it  dilutes  the  com- 
bustible matter  of  the  fuel,  causes  an  additional  expense  for  its  removal, 
and  may  interfere  seriously  with  the  use  of  the  fuel  because  of  its  low 
fusion  point  and  the  consequent  tendency  to  form  clinker.  Water  is  a 
direct  loss  of  heat,  as  it  dilutes  the  fuel,  requires  a  large  amount  of  heat 
for  its  evaporation,  and  by  escaping  up  the  flue  at  the  temperature  of  the 
escaping  gases,  carries  away  a  certain  amount  of  heat. 

Measurement  of  Temperature.  In  certain  commercial  operations  it 
is  necessary,  in  order  to  secure  the  best  results,  that  the  temperature  be 
regulated  between  certain  limits,  and  a  knowledge  of  the  temperature 
conditions  becomes  indispensable.  The  necessity  of  careful  measurement 
and  systematic  regulation  of  the  high  temperatures  obtained  in  many 
commercial  operations  has  been  recognized  comparatively  recently,  and 
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it  is  well  for  the  student  to  familiarize  himaelf  with  methods  for  measuring 

high   temperatures.     The  instruments  used  for  this  purpose  are  known 
as  pyrometers. 

Fig.  62  illustrates  an  instrument 
known  as  the  Le  Chatelier  pyrometer. 
It  consists  of  two  wires  of  dissimilar 
metals  melted  together  at  one  end, 
the  other  ends  being  connected  with 
a  needle  galvanometer  of  compara- 
tively high  resistance.  The  deflec- 
tion of  the  galvanometer  needle  is 
dependent  on  the  temperature  of 
the  junction,  and  by  providing  the 
galvanometer  with  a  suitable  scale, 
the  temperature  can  be  read  off 
directly  from  the  instrument.  The 
Fn]_  82.  wires   are    generally   made,  one    of 

platinum,  the  other  of  a  10  per  cent 

alloy  of  platinum  and  rhodium,  though  couples  of  other  metals  are  also 

used. 


Pig.  63  illustrates  a  form  of  instrument  known  as  the  Wanner  pyrom- 
eter.   It  is  one  of  a  class  known  as  optical  pyrometers,  several  of  which 
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are  on  the  market.  Fig.  64  illustrates  the  construction  of  the  instrument. 
Light  from  a  6-voIt  incandescent  lamp  used  as  a  comparison,  and  from  the 
object  whose  temperature  is  sought  enters  the  slits  Ui  and  t/j,  the  two 
beams  being  rendered  parallel  by  J  and  each  dispersed  into  a  continuous 
spectrum  by  R.  C  separates  the  dispersed  light  from  both  Ui  and  t/a, 
into  two  beams  polarized  at  right  angles.     The  arrangement  of  the  remain- 
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ing  parts  is  such  as  to  bring  before  the  analyzer  B  an  illuminated  field, 
half  of  which  is  illuminated  by  red  light  from  the  spectrum  of  Ui,  the 
other  half  by  red  light  from  the  spectrum  of  U2,  the  two  halves  being 
polarized  at  right  angles  to  each  other.  If  the  analyzer  is  at  an  angle  of 
45'  to  the  plane  of  polarization  of  each  beam^and  Vi  and  C/j  are 
equally  illuminated,  the  field  is  uniformly  bright.  If  they  are  unequally 
illuminated  one-half  of  the  field  will  appear  brighter,  and  they  are  equalized 
by  turning  B,  which  carries  a  scale  that  can  be  interpreted  in  terms  of 
degrees  of  temperature. 

Another  form  of  pyrometer,  known  as  the  Fery,  

is  also  direct  reading,  and  is  constructed  by  focusing 
the  radiations  from  the  object  by  either  a  lens  or  a 
concave  mirror  on  a  delicate  thermo-couple. 

Such  instruments  as  the  optical  pyrometers  are 
the  only  ones  which  fulfill  all  requirements  for 
much  of  the  high-temperature  measurements  to  be 
made  in  commercial  work. 

Heat  of  Combufitioa.  The  heat  of  combustion 
of  a  substance  is  the  number  of  calories  produced 
by  the  complete  oxidation  of  one  gram  of  it.  As 
applied  to  fuels,  it  ia  called  the  calorific  value  or 
heating  power  of  the  fuel.  The  calorific  value  is  one 
of  the  moat  important  points  to  be  decided  in  the 
purchase  of  a  fuel.  Having  decided  the  character  of 
fuel  best  adapted  to  the  purpose  for  which  the  pur- 
chase is  to  be  made,  the  remaining  point  of  chief  con- 
sideration is  the  calorific  value,  which  is  determined 
by  means  of  a  calorimeter.     Solids  and  non-volatile  "*'■  ^• 

liquids  are  usually  burned  in  a  heavj'  steel  bomb  in 
an  atmosphere  of  oxygen  under  a  pressure  of  about  25  atmospheres. 


■  Bulletin  No.  2,  Bureau  of  Standards,  Waahington,  D.  C. 
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Fig.  65  illustratee  one  of  the  Btandard  fonns  of  this  kind  of  instrument, 
known  aa  the  Mahler  calorimeter.  It  consists  of  the  porcelain  or  platinum- 
lined  Bteel  bomb  A,  with  a  tightly  fitting  top  B,  which  carries  the  con- 
nection R  for  admitting  oxygen  under  pressure,  the  platinum  vessel  C, 
into  which  the  eubstance  b  weighed,  and  the  terminals  for  igniting  the 
r.  chai^,  one  of  which,  E,  is  insu- 

lated from  the  top  B.    The  sub- 
stance is  ignited  by  connecting  a 
piece  of  fine  iron  wire  beween  the 
I  tenninalB,  having  the  wire  in  con- 

tact with  the  charge.  When  a 
current  is  passed  through  the  wire 
it  is  heated  to  incandescence,  and 
both  it  and  the  charge  are  com-  ■ 
pletely  oxidized.  The  calorimeter 
is  immersed  in  water  contained  in 
a  vessel  protected  by  non-conduct- 
ing material  from  temperature 
changes.  The  temperature  of  the 
water  before  and  after  the  ex- 
periment, the  amount  of  water 
and  the  water  equivalent  of  the 
calorimeter  being  known,  the  total 
amount  of  heat  liberated  by  the 
action  is  obtained. 

The  calorific  value  of  gaseous 
fuels  is  determined  by  burning  a 
measured  volume  of  the  gas  in  the 
atmosphere  and  determining  the 
amount  of  heat  liberated.    Fig.  66 
shows  a  longitudinal  and   trans- 
verse section  of  a  reliable  form  of 
gas   calorimeter,   known    as    the 
Jimker  calorimeter.    It  is  a  double- 
wall   copper   vessel,    so   arranged 
that  a  steady  stream  of  cold  water 
circulates  between  the  two  walls. 
This    stream    of    water    ie   kept 
constant    by    the     constant-level 
devices  placed  at  the  entrance  to,  and  the  exit  from  the   instrument. 
The  gas,  previously  measured  in  an  accurate  gas  meter,  is  burned  in 
the    special     burner    placed     in     the     combustion     chamber    of    the 
calorimeter.     The  heated   air   and   producte   of   combustion   ascend   to 
the  top  of  the  combustion  chamber,  and  from  there  descend  through  two 
Beta  of  vertical  copper  tubes  which  are  surrounded  by  the  water  that 
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circulstea  between  the  two  walla  of  the  ioBtrument.  The  arrangement 
of  this  water  jacket  and  the  copper  tubes  through  which  the  heated  gauea 
pass  ie  best  seen  from  the  horizontal  cross-section  of  the  calorimeter  shown 
below  in  Fig.  66.  During  the  passage  of  the  heated  gases  through  the 
water-cooled  tubes  the  heat  is  taken  up  by  the  water  and  the  temperature 
of  the  water  in  its  passage  through  the  instrument  i^  somewhat  increaaed. 
Before  beginning  a  determination  the  flow  of  water  is  started  through 
the  instrument,  the  burner  lighted  and  the  thermometer  readings  allowed 
to  become  steady.  In  this  way  the  water  passing  through  the  Qalorimeter 
during  the  burning  of  a  known  volume  of  gas  contains  all  the  heat  result- 
ing from  the  combustion  of  this  gas.  This  water  is  collected  and  weighed, 
the  increase  in  temperature  of  the  water  is  obtained  by  the  difference  in 
the  readings  of  the  two  thermometers,  and  knowing  the  volume  of  gas 
.  burned  from  the  readings  of  the  meter,  ail  the  data  have  been  obtained 
for  calculating  the  heating  power  of  the  gas  per  unit  volume. 

The  heating  power  of  the  gas  can  be  calculated  from  the  chemical 
composition  and  heats  of  combustion  of  its  constituents.  But  the  time 
required  to  obtain  an  accurate  analysis  is  greater  than  that  required  by  the 
above  determination,  and  it  offers  no  advantages  over  the  direct  deter- 
mination. 

Solid  Fuels 

Wood.  Wood  is  composed  principally  of  cellulose  and  ligno-ccllulose 
in  about  equal  quantities,  together  with  gums,  resins,  a  variable  amount 
of  water,  and  inorganic  matter  left  as  ash  when  the  wood  bums.  Cellu- 
lose has  the  compoedtion  (CaHioOs)!  and  is  the  principal  constituent  of 
the  cell  membranes  of  young  plants.  The  formula  above  serves  only  to 
give  the  percentage  of  the  constituents,  the  molecule  being  very  complex. 

Ligno-cellulose  is  the  substance  with  which  the  cellulose  of  young 
plants  becomes  inerusted  as  it  grows  old,  and  becomes  woody  fiber.  It 
is  not  a  carbohydrate,  and  little  is  known  of  its  chemical  nature. 

Wood  has  a  low  calorific  value,  varying  from  3000  to  3500  calories, 
and  contains  a  considerable  amount  of  moisture,  the  amount  depending 
on  the  kind  of  wood,  the  season  in  which  it  is  cut,  and  the  extent  it  has 
been  allowed  to  dry,  being  rarely  less  than  18  per  cent. 

Wood  is  of  little  value  as  a  fuel,  as  it  has  a  low  calorific  value,  and  is 
too  expensive.  But  it  is  sometimes  used  on  account  of  its  cleanliness  and 
small  amount  of  ash  formed. 

Below  is  given  a  table  ^  containing  the  results  of  the  analysis  of  seven 
different  kinds  of  wood  together  with  their  calorific  values : 

'  Jour.  Cbem.  Soc.,  Vol.  XLVI,  p.  477  (1884). 
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Peat.  There  is  no  doubt  that  peat  represents  a  comparatively  early 
stage  in  the  transformation  which  vegetable  matter  undergoes  when  suf- 
ficiently protected  to  prevent  its  complete  oxidation,  as  in  many  localities 
it  is  possible  to  observe  the  transition  from  the  vegetable  matter  covering 
the  ground  to  the  underlying  peat  ia  various  stages  of  formation.  In  the 
upper  portions  the  vegetable  matter  is  easily  discernible,  while  at  the 
bottom,  most,  if  not  all,  visible  signs  of  plant  remains  disappear.  The 
formation  of  peat  occurs  in  bogs  or  swamps  where  sufficient  vegetable 
matter  accumulates  to  give  rise  to  the  formation.  The  deposit  from  each 
year's  growth,  such  as  mosses,  grasses,  leaves,  branches  and  trunks  of 
trees  fall  and  are  partially  protected  by  the  water  from  complete  decom- 
position. The  action  of  organisms  and  atmospheric  oxygen  transforms 
this  material  first  into  a  loose  brown  substance,  finally,  with  the  aid  of 
pressure  from  above,  mto  a  brown  or  black  peat. 

Little  is  known  of  the  chemical  compounds  composing  peat.  Some 
solvents  and  solutions  of  alkalies  dissolve  considerable  amounts  of  organic 
matter  of  a  complex  character  from  peat,  but  the  substances  obtained 
from  these  solutions  are  probably  impure. 

Peat  has  long  been  used  as  a  fuel,  and  in  northern  and  western  Europe, 
and  in  Ireland  (where  peat  bogs  are  said  to  cover  one-tenth  of  the  total 
area)  it  has  been  extensively  used.  Peat  bogs  are  also  widely  distributed 
in  this  country  and  Canada. 

The  recent  peats  are  usually  brown  in  color  and  approach  wood  in 
chemical  composition,  containing  less  oxygen  and  hydrogen  and  more 
carbon.  The  oldest  peats  arc  usually  dark  in  color,  and  the  percentage 
of  carbon  is  greater  than  in  recently  formed  peats. 

Peat  has  a  higher  calorific  value  than  wood,  varying  from  3500  to  5000 
calories.  As  it  is  cut  from  the  ground  it  contains  a  large  amount  of  water, 
often  as  much  as  90  per  cent  of  its  weight.  If  the  blocks  are  left  to  dry 
under  cover  in  the  air  this  is  greatly  reduced.  The  difficulty  of  freeing 
it  from  this  water  is  one  of  the  drawbacks  to  its  use.  By  application 
of  pressure  much  of  it  can  be  expelled,  but  it  still  contains  a  considerable 
amount  on  account  of  its  jelly-like  character.  A  recent  observation '  that 
this  jelly-like  character  is  destroyed  by  heating  it  to  150°  after  which 


'  Enpaeering,  87,  p.  737. 
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the  water  can  be  expelled  by  pressure,  may  aasaai  in  tlie  solution  of  this 
difficulty. 

The  following  analyses  ^  give  an  idea  of  its  composition  and  the  pro- 
gressive increase  in  carbon  and  loss  of  oxygen  taking  place  during  the 
peat  formation: 
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1.  SphagDU 

2.  Light  jK 

3.  Light  p« 

m,  the  due 
at  near  eurt 
lat. 

peal^fonning  pUnt. 

5.  Black  peat. 

6.  Bkck  peat. 

7.  Heavy  btowu  peat. 

4.  Moderately  light  peat. 

Peat  ia  frequently  formed  into  briquettes,  when  it  makes  an  excellent 
fuel  fbr  domestic  uses,  as  it  bums  with  a  bright  cheerful  flame  and  without 
much  smoke.  The  following  table  gives  the  analyses  of  samples  of  peat 
from  this  country. 

ANALYSES  OF  PEAT  (AIR  DRIED) 
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10.17 
64.93 
28.08 
5.92 
6249 

14.22 
49.11 
24.83 
U.84 
3979 

7.09 
66.09 
24.83 
12.85 

4275 

Volatile  Matter,    .. 

Calories 

Lignite.  Lignite  or  brown  coal  are  names  applied  to  the  substances 
which  represent  the  next  stage  to  peat  in  the  transformation  of  vegetable 
matter  into  coal.  The  distinction  of  lignite  from  peat  od  the  one  side 
and  bituminous  coal  on  the  other  is  not  sharp,  as  the  transition  from 
one  to  the  other  is  gradual.  Chemically,  lignite  seems  to  be  more  closely 
related  to  peat  than  to  bituminous  coal  and,  as  with  peat,  it  is  found 
that  certain  solvents  and  solutions  of  alkalies  dissolve  considerable  organic 
matter  of  a  complex  character  from  lignites.  The  evidences  of  vegetable 
origin  are  not  usually  distinct  in  lignites,  though  when  properly  treated, 
microscopic  examination  is  usually  able  to  show  the  remains  of  plant 
structure.  In  general,  lignite  is  denser,  darker  in  color,  and  contains 
more  carbon  than  peat.  It  contains  about  35  per  cent  of  water,  and 
on  air-drying  this  falls  to  about  15  per  cent.     Its  calorific  value  varies 
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from  4000  to  6500  cklories.    The  amount  of  ash  varies  greatly,  but  should 
not  exceed  10  to  15  per  cent. 

On  account  of  the  difficulties  encountered  in  shipping  and  storing 
lignite,  its  formation  into  briquettes  has  been  practiced  to  a  considerable 
extent,  especially  in  Germany,  In  this  country  the  necessity  for  using 
such  fuels  has  not  been  greatly  felt,  and  the  operation  of  briquetting  such 
fuel  is  here  in  its  beginning.  This  question  will  be  mentioned  later  in  - 
connection  with  bituminous  coal. 

The  following  table  gives  the  analysis  ttf  some  samples  of  lignite  from 
this  country: 


N.  IHkoM 

TOH 

Cllifoimia 

WyomlDI 

16.70 
37.10 
36. 4B 
6.71 

22.48 
31.36 
26.73 
19.43 

18,51 
35.33 
30.67 
15.49 

17.69 
37.06 
39.56 
4.79 

Volatile  Matter... 

Kxed  CuboD 

Aah 

36.70 
43.03 

Bituminous  Goal.  The  next  stage  in  the  formation  of  coal  is  repre< 
sented  by  bituminous  coal,  by  far  the  most  important  of  all  the  classes 
of  fuels.  The  division  of  bituminous  coals  from  lignites  is  more  sharply 
defined  than  that  of  lignites  from  peats,  but  still  the  transition  is  gradual. 

The  origin  of  coal  is  swamp  flora  laid  down  when  the  growth  of  vege- 
table matter  was  far  more  luxuriant  than  now,  and  which  in  earlier  geo- 
logic ages  has  passed  through  successive  stages  which  are  represented  now 
by  peat  bogs  and  beds  of  lignite. 

The  properties  of  bituminous  coals  differ  widely.  The  amount  of 
volatile  matter  varies  from  15  to  60  per  cent,  the  amount  of  ash  from 
2  to  20  per  cent,  but  the  most  marked  differences  are  observed  in  the  coal 
substance  when  heated.  The  differences  are  noticed  in  the  characters 
of  both  the  volatile  matter  and  the  residue  or  coke.  Some,  when  heated, 
fuse  together  to  a  compact  mass,  and  if  heated  sufficiently  leave  behind 
a  firm,  solid  mass  composed  principally  of  carbon  and  the  ash  of  the  coal. 
Such  coals  arc  said  to  be  caking  coals.  Non-caking  coals  do  not  fuse  and 
the  mass  left  behind  when  such  coals  are  heated  coheres  only  slightly 
or  not  at  all. 

Coals  are  frequently  changed,  after  mining,  by  the  absorption  of  oxygen 
and  the  loss  of  some  of  their  combustible  constituents,  and  on  long  standing 
their  heating  power  is  materially  changed,  some,  even  losing  their  caking 
power.  Frequently,  this  absorption  of  oxygen  is  bo  rapid  and  accom- 
panied with  the  evolution  of  so  much  heat  that  when  large  amounts  are 
stored  in  one  pile  the  temperature  gradually  rises  until  spontaneous  com- 
bustion ensues. 

To  overcome  some  of  these  difficulties  and  to  utilize  those  portions 
of  the  fue'.  which  unavoidably  go  to  waste  around  the  mine,  finely  divided 

D,uMZK;l;,V.OOglC 


110  INDUSTRIAL  CHEMISTRY 

coal  is  frequently  mixed  with  pitch  or  tar,  and  compressed  while  hot  into 
molds.  These  briquettes  are  less  bulky,  less  likely  to  deteriorate  and  to 
undergo  spontaneous  combustion,  and  can  be  fired  more  efficiently  than 
the  raw  coal.  Where  it  is  neceseary  to  keep  large  stores  of  coal  on  hand, 
these  advantages  are  sufficient  to  justify  the  operation  of  briquetting. 
The  practice  of  briquetting  coal  and  lignite  is  more  common  in  Germany 
than  in  this  country.  In  1906,  14, 500,851  tone  of  briquettes  were  made 
in  Germany,  including  those  made  from  lignites. 

One  of  the  chief  objections  to  the  burning  of  bituminous  coals  is  the 
production  of  smoke  during  combustion.  It  is  doubtful  if  this  can  be. 
prevented  by  any  means  which  involves  the  introduction  of  fresh  coal 
directly  into  the  fire.  Mechanical  stokers,  such  as  illustrated  in  Figs. 
67  and  68,  are  designed  to  bring  the  fuel  into  the  fire  slowly,  and  at  a  regular 
rate.   In  Fig.  67,  this  is  accomplished  by  a  rocking  motion  of  the  grate  bars 


which  are  set  at  the  proper  angle,  and  in  Fig.  68  by  the  forward  motion  of 
the  grate  bars  arranged  as  a  continuous  chain.  In  this  way  the  volatile 
matter  is  expelled  gradually  and  mixed  with  sufficient  oxygen  for  its 
combustion,  the  result  being  that  less  smoke  is  produced,  the  fire  kept 
in  a  more  uniform  condition  than  is  possible  by  hand  firing,  and  at  the 
same  time  the  fuel  is  consumed  more  efficiently. 
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Moinun. 

ibie. 

Filed 
Cuban. 

A>h. 

Sulphur. 

Caloria. 

0.80 

1.36 
1  16 
0.47 
0.60 
4.00 
7.67 
1.47 
0.71 

32  24 
35.28 
33.77 
30.81 
14.80 
15.48 
28.86 
28.96 
27.63 
16.69 

62.33 
50.82 
52,31 
61.01 
81.59 
79.64 
58,56 
57.69 
63.66 
76.83 

4.63 
8.97 
12.56 
7.02 
3,14 
4.28 
8.58 
5.68 
7.24 
5-87 

1.65 
1,00 
1.21 
0-68 
0.52 
0.46 
0.95 
0.48 
0.97 
0.S8 

8167 

Indiana . 

New  Mexico 

Kentucky 

7173 
7785 

Tllinm* 

Analyses  made  in  the  fuel-testing  laboratory  of  the  Technologic    Branch,  U.  S. 
Geological  Survey. 


Fia.68. 

Anthracite.  In  composition  the  anthracite  coals  approximate  the 
final  etage  in  the  carbonization  of  vegetable  matter.  On  one  side  of  the 
anthracite  we  have  bituminous  coals  separated  by  the  semi-anthracites, 
and  on  the  other  side  the  anthracites  approach  graphite.  As  indicated 
above,  anthracites  contain  a  large  amount  of  fixed  carbon  as  compared 
with  their  content  of  volatile  matter.  They  are  denser  than  bituminous 
coals,  have  a  conchoidal  fracture  and  a  high  kindling  temperature. 
Anthracite  is  used  largely  for  metallurgical  work,  for  the  manufacture 
of  producer  and  water  gases,  and  for  domestic  purposes.  As  it  has  little 
volatile  matter,  and  bums  with  a  non-luminous  flame,  it  is  well  adapted 
to  these  purposes. 
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Below  are  the  analyses  ^  of  some  semi-anthracite  and  anthracite  coals 
of  this  country: 


Locality 

A,^ 

Rhode  Idud 

Indian  T». 

ViiilnU 

Moisture 

S.19 
10.49 

70.31 
14.01 
2.05 
6822 

2.41 
4.92 
73.61 
19.06 
0.07 
9109 

6,11 

i3.es 

73.21 
8.03 
1.18 
7590 

4.80 
10.12 

0.63 
6645 

3.33 

Volatile  Matter... 

IlxedC&rboD 

Ash 

3.27 
84.28 
9  13 

CBlorifio  Value... 

7417 

Charcoal.  Charcoal  is  made  from  wood  by  two  methods.  By  the 
first,  wood  is  converted  into  charcoal  by  what  is  called  the  charring  process. 
This  consists  of  piling  the  wood  into  large  circular  heaps,  leaving  horizon- 
tal £ues  near  the  bottom  and  a  vertical  flue  at  the  center  for  the  escape 
of  the  evolved  gases  and  covering  over  the  whole,  except  for  these  points 
of  ventilation,  with  powdered  charcoal,  earth  and  turf.  At  tjie  points 
of  ventilation  the  wood  bums,  the  area  of  the  combustion  depending  on 
the  drafts,  and  the  heat  produced  by  the  burning  at  these  points  suffices 
to  raise  the  temperature  of  the  whole  mass  to  the  point  where  most  of  the 
volatile  matter  of  the  wood  is  expelled.  When  all  the  volatile  matter 
has  been  driven  off  and  the  escaping  gases  cease  to  bum  with  a  luminous 
flame,  the  draft  holes  are  covered  and  the  operation  stopped.  By  this 
process  air-dried  wood  yields  about  25  per  cent  of  charcoal,  but  all  the 
volatile  matter  is  lost. 

By  the  second  method  of  preparing  charcoal  provision  is  made  for 
the  recovery  of  these  by-products,  which  consist  of  combustible  gases, 
wood  alcohol,  organic  acids,  acetone  and  tar.  For  the  details  of  this 
process  see  Chapter  XXII.  Th'e  operation  consists  in  the  destructive  dis- 
tillation of  wood  from  closed  vessels,  the  charcoal  remaining  in  the  retort. 
For  the  production  of  charcoal  for  certain  purposes  these  retorts  are  heated 
by  means  of  super-heated  steam. 

Charcoal  is  quite  porous  and  brittle  and  retains  the  shape  of  the  wood, 
though  the  pieces  are  only  about  three-fourths  the  size  of  that  of  the  wood. 
It  still  contains  traces  of  volatile  matter  from  which  it  is  impossible  to 
free  it,  and  the  ash-forming  constituents  of  the  wood.  It  bums  with 
little  flame,  contains  little  sulphur  and  phosphorus,  a  low  amount 
of  ash,  and  has  been  extensively  used  in  metallurgical  work,  especially 
for  the  production  of  the  finer  grades  of  iron  and  steel.  Its  calorific 
value  is  about  7000  calories.  The  porosity  depends  on  the  character  of 
the  wood  used  in  preparing  it,  some  giving  a  denser  product  than  others. 
It  possesses  the  peculiar  property  of  condensing  many  gases  before  they 
reach  their  point  of  liquefaction,  and  of  abstracting  coloring  matter  from 
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solutions.  This  power  of  abeorbing  materi&lB  is  frequently  utOixed  to 
purify  solutions  from  tarry  materials  and  coloring  matter.  Because  of 
the  great  tendency  of  charcoal  to  hold  back  small  amounts  of  other  sub- 
stances perfectly  pure  amoqihous  caiboD  b  unknown. 

Coke.  Coke  is  the  residue  left  after  the  destructive  distillation  of 
coal,  and  is  composed  principally  of  carbon  and  the  ash-forming  constit^ 
uents  of  the  coal  from  which  it  was  formed. 

The  production  of  coke  was  at  first  carried  out  in  much  the  same  way 
that  charcoal  is  obtained  from  wood  in  charcoal  kilns;  the  bee-hive  oven 
of  tOKlay,  in  which  most  of  the  coke  produced  in  this  country'  is  made, 
is  a  development  of  thb  method. 

Fig.  69  illustrates  the  bee-hive  oven  as  u9ed  in  this  country.  It  is 
simply  a  dome-shaped  enclosure  built  of  fire  brick,  12  ft.  in  diameter, 
7  ft.  high,  with  an  opening  at  the  top  for  charging  and  for  the  escape  of 
the  products  of  combustion  and  volatile  matter  formed  during  the  opera- 


J 

tion,  and  a  door  at  the  side  through  which  the  coke  is  withdrawn,  usually 
by  hand,  at  the  end  of  the  operation.  This  door  is  built  up  with  fire- 
bricks during  the  process,  except  at  its  top  above  the  level  of  the  charge. 
In  this  way  five  to  six  tons  of  coal  are  coked  at  each  charge,  and  the  time 
required  from  forty-eight  to  seventy-two  hours,  yielding  from  60  to  65  per 
cent  of  coke.  The  operation  is  brought  to  an  end  by  quenching  the  fire 
in  the  oven  with  a  stream  of  water,  after  which  the  coke  is  withdrawn. 
These  ovens  are  usually  built  together  in  one  or  two  rows,  with  a  track 
on  top  to  bring  up  the  coal. 

As  seen  from  the  above  description,  the  burning  of  a  part  of  the  coaJ 
furnishes  the  heat  necessary  for  coking  the  remainder,  and  the  volatile 
matter  of  the  coal  is  either  burned  or  turned  into  the  air. 

Numerous  forms  of  ovens  have  been  designed  to  collect  these  products 
and  use  them.    These  so-called  by-products  consist  of  combustible  gases, 

D,uMZK;l;,V.OOglC 


114  INDUSTRIAL  CHEMISTRY 

various  organic  compounds,  compounds  of  nitrogen  including  ammonia 
and  tar. 

Figs.  70,  71  and  72  are  illustrations  of  two  types  of  by-product  coke 


ovens  which  are  used  considerably  in  this  country  and  will  serve  to  illus- 
trate the  operation. 

The  Otto-HoSmarm  type  of  oven  is  shown  in  transverse  and  longi- 


tudinal sections  in  Figs.  70  and  71.     The  coal  is  charged  through  d  into 
the  coking  chambers  D  beneath.    These  are  long,  narrow  retorts  of  fire- 
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brick  constructitm  placed  side  by  aide,  usually  in  groupB  of  fifty.  In  the 
walls  separating  the  retorts  are  the  vertical  flues  /,  in  which  the  gas 
evolved  in  coking  previous  charges  is  returned  from  the  condensing 
bouse  and  bumed  to  furnish  the  heat  for  coking  the  charge.  The  retorts 
are  about  33  ft.  long,  6}  ft.  high  and  20  ins.  wide,  closed  at  each 
end  by  an  iron  door  which  is  raised  and  lowered  electrically,  and  during 
the  coking  process  luted  with  fire-clay.  The  air  for  the  combustion  of 
the  gas  passes  through  the  checker  work  R,  made  of  refractory  material, 
which,  as  we  will  see,  is  highly  heated,  the  gas  entering  at  the  burner  B. 
The  burning  gases  pass  along  the  horizontal  Sue  Fi,  and  up  each  of  the 
vertical  fiues  /  of  one-half  of  the  retort  wall  to  the  upper  horizontal  flue 
F^,  then  down  the  remaining  vertical  flues  /  of  the  second  half  of  the  wall 
to  a  similar  horizontal  flue  F2,  situated  beneath  the  coking  chamber  D, 
then  out  through  the  second  chamber  or  regenerator  R'  filled  with  refrac- 
tory checker  work,  where  the  heat  of  the  escaping  gases  is  abstracted  by 
heating  up  the  checker  work  to  incandescence.  After  a  certain  length 
of  time,  when  R'  has  been  heated  and  R  cooled,  the  currents  of  air  and  gas 
are  reversed  through  the  flues,  the  air  entering  through  R'  and  the  gas 
through  another  burner  at  the  other  end  of  the  retort.  The  volatile 
products  escape  from  D  through  the  uptake  pipes,  provided  with  valves, 
and  pa^  into  the  common  main  0  at  a  high  temperature,  and  are  gradually 
cooled  in  the  iron  pipes,  depositing  some  of  the  condensable  portions, 
the  remainder  being  subsequently  removed  in  the  condensing  house. 

After  the  completion  of  the  coking  process,  the  charge  is  removed  by 
a  steam  or  electrically  operated  pusher,  w'hich  pushes  the  whole  charge 
of  the  retort  out  on  the  opposite  side,  where  it  is  rapidly  cooled  by  a  stiream 
of  water. 

The  time  required  for  coking  a  charge  in  this  type  of  oven  is  about 
twenty^our  hours,  yielding  about  70  per  cent  of  coke. 

In  the  Semet-Solvay  type  Vt  by-product  oven,  shown  in  Fig.  72,  the 
cokit^  chamber  D  is  somewhat  similar  to  that  of  the  Otto-Hoffmann  oven 
above.  They  are  built  in  sets  of  thirty  or  forty,  are  36  ft.  long,  7J  ft, 
high  and  16^  ins.  wide. 

The  coal  is  charged  through  d  into  the  coking  chamber  D,  the  volatile 
products  escaping  through  g  into  the  common  main  G.  The  flues  /,  built 
in  the  walls  of  the  ovens,  are  in  this  type  five  in  number  and  arrat^ed 
horizontally.  The  gas  returned  from  the  condensing  bouse  is  delivered 
at  the  four  burners  B,  and  mixes  with  preheated  air  delivered  from  beneath 
the  oven.  The  current  of  burning  gases  is  from  the  top  flue  downward 
through  each  of  the  others,  fresh  gas  burning  at  each  of  the  burners 
during  their  downward  course.  The  gases  from  the  flues  in  each  wall  of 
the  chamber  pass  into  a  single  flue  beneath  D,  thence  into  a  series  of 
channels  with  thin  walls  where  the  air  passing  to  the  burners  is  preheated, 
as  stated  above.  The  flue  gases  are  subsequently  passed  through  water- 
tube  boiletB,  and  their  remaining  heat  used  to  generate  steam  for  power 
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purpoBeB.  A  chai^  of  from  eeven  to  nine  tons  of  co&I  can  be  coked  in 
these  oveQB  in  about  twenty-four  hours. 

Coke  ia  also  obtained  as  a  by-product  in  the  manufacture  of  coal 
gas,  which  will  be  mentioned  later.  But  the  coke  obtained  in  this  way  is 
soft  and  unfit  for  metallurgical  purposes,  and  is  partly  consumed  in  the 
producer  uaed  to  heat  the  retorts,  and  for  domestic  purposes. 

During  the  coking  process  the  coal  fuses  and  the  escape  of  the  gases 
formed  by  the  destructive  distillation  of  the  coal  leaves  the  residue  or 
coke  full  of  cavities,  the  walls  of  which  are  quite  bard.  This  cellular 
structure  is  very  advantageous,  as  the  coke  to  be  of  service  for  metal- 
lurgical work  must  be  sufficiently  strong  to  sustain  the  charge  above  with- 
out crushing,  and  at  the  same  time  must  be  porous.    It  has  a  silvery 


Fio.  72. 
white  luster,  a  metallic  ring  when  struck  and  is  infusible.  It  bums  without 
smoke  and  has  a  calorific  value  of  7600  to  8100  calorics.  All  of  the  ash 
of  the  coal  and  ordinarily  about  half  of  the  sulphur  remaiii  in  the  coke, 
and  it  is  frequently  necessary  to  wash  the  coal  to  remove  portions  of 
these  constituents  in  order  to  make  a  serviceable  quality  of  coke.  The 
phosphorus  of  the  coal  is  all  found  in  the  coke.  Besides  these,  there  ia 
a  considerable  amount  of  nitrogen  and  water,  and  small  amounts  of  hydro> 
gen  and  oxygen  which  cannot  be  driven  off  by  heat.  Some  coals,  which 
do  not  yield  a  good  quality  of  coke,  can  be  mixed  to  advantage  with  a 
good  coking  coal. 

The  chief  use  of  coke  is  for  metallurgical  purposes,  but  a  great  deal 
is  used  in  gas  producers,  on  railroad  engines  and  for  domestic  purposes. 

The  objection  to  the  use  of  coke  made  in  by-product  ovens  seems  to 
have  been  without  foundation,  and  the  relative  amoimt  of  coke  made 
in  the  by-product  ovens  has  increased  steadily  and  rapidly.  About 
16.5  "per  cent  of  the  coke  made  in  this  country  is  made  in  the  by-product 
ovens,  and  in  Europe  these  ovens  are  in  general  use.  It  seems  that  in 
a  short  time  most  of  the  coke  made  in  th<<*  country  will  be  made  in  this 
way,  the  increase  being  limited  only  by  UK  lemand  for  the  by-products. 


FUEIfl  117 

Idqoid  FudB.  The  only  liquid  Bubstances  which  have  any  extended 
use  as  fuels  are  crude  petroleum  and  various  products  obtained  by  its 
fractional  distillation;  as  petroleum  spirit,  lam^  oil,  and  the  residue  or 
"  residuum  "  left  in  the  retort  after  the  distillation  of  the  lubricating  oils. 
Tars  obtained  as  by-products  in  other  industries  are  sometimes  burned 
as  fuels  when  a  more  remunerative  market  is  not  available,  but  they  are 
too  expensive  for  this  purpose.  The  objection  of  expensiveness  applies 
also  to  alcohol  at  present,  but  as  it  possesses  certain  advantages  as  a  fuel, 
and  its  production  is  subject  to  our  control,  it  is  possible  that  it  may 
assume  more  importance  in  the  future  if  it  can  be  produced  more  cheaply. 

Petroleum.  Petroleum  is  widely  distributed,  but  86  per  cent  of  the 
world's  output  comes  from  this  country  and  Russia;  the  United  States 
producing  63  per  cent  and  Russia  23  per  cent  of  the  totals  In  this  country 
the  Peimsylvania  fields  have  been  most  prominent,  and  it  was  here  that 
oil  was  first  obtained  by  systematic  borings.  Besides  Pennsylvania,  many 
other  states  have  become  oil  producing  states,  as  Ohio,  Texas,  and 
California. 

In  using  crude  petroleum  as  a  fuel  the  greatest  objection  is  that  the 
■  volatile  portions  will  escape  and  mix  with  air  and  form  an  explosive 
mixture,  as  it  requires  only  small  amounts  to  form  an  explosive  mixture 
with  air.  But  it  is  only  necessary  to  remove  these  by  distillation  to 
avoid  such  danger. 

In  burning  crude  oil  in  furnaces  it  is  first  converted  into  a  very  fine 
spray  by  means  of  special  burners,  and  the  spray  directed  against  refrac- 
tory material,  which,  becoming  incandescent,  transmits  much  heat  to 
the  boiler  by  radiation,  and  it  also  effects  better  combustion.  These 
burners  are  operated  in  two  ways.  In  the  first,  the  oil  is  "  atomized  " 
by  forcing  it  under  pressure  through  burners  so  constructed  as  to  send 
the  oil  into  the  furnace  in  a  sheet  of  finest  spray.  By  the  second  the  same 
disintegration  of  the  oil  is  accomplished  by  a  jet  of  steam.  The  objection 
to  the  second  method  is  that  a  lai^  amount  of  steam  Is  consimied,  and 
the  Same  is  cooled  dqjm  at  the  point  where  the  combustion  should  be 
most  rapid,  and,  while  steam  is  effective  in  securing  the  combustion  of 
the  last-  portions  and  preventing  the  formation  of  smoke,  it  can  be  best 
introduced  later  in  the  flame  and  in  smaller  amounts. 

Several  advantages  are  obtained  by  using  petroleum  as  a  fuel.  It  has 
a  h^  calorific  value,  from  10,000  to  10,500  c^ories,  is  more  uniform  than 
coal,  is  easily  regulated  to  secure  complete  combustion  and  the  rate  of 
combustion  can  be  changed  by  merely  turning  the  valve  admitting  the 
fuel.  It  does  not  deteriorate  if  kept  in  covered  tanks,  and  no  spontaneous 
combustion  occurs.  It  requires  a  small  fraction  of  the  number  of  stokers 
required  to  burn  coal,  gives  no  ashes,  cinders  or  smoke  when  properly 
binned,  and  is  easily  transfened  at  sea  through  flexible  hose  by  pumps. 


"The  Productian  of  Petroleum  in  1907.    17.  S.  QeoIopMl  Surm. 
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Still  the  output  is  so  emgM-  when  the  total  amount  of  fuel  consumed  is 
considered,  and  the  supply  so  uncertain,  that  it  seems  that  petroleum  as 
a  fuel  must  remain  an  adjunct  except  near  the  sources  of  supply  and  for 
certain  special  purposes  such  as  on  fast  ocean-going  ships,  for  use  in  navies, 
and  to  assist  in  meeting  sudden  demands  on  powerhouses  of  a  temporary 
character. 

Gaseous  Fuels.  When  the  products  of  combustion  of  solid  fuel  are 
allowed  to  pass  through  a  bed  of  incandescent  carbon  they  are  partially 
reduced,  and  can  be  ignited  on  their  escape.  The  pale  blue  fiame  often 
,  seen  burning  at  the  top  of  an  open  grate  fire  is  an  illustration.  And  if 
the  fuel  bed  were  sufficiently  thick  and  hot  enough  to  reduce  most  of  the 
carbon  dioxide  and  water  formed  at  the  bottom  of  the  grate,  and  pro- 
vi«on  made  for  coUecting  the  gas,  we  should  have  a  sample  of  producer  gas. 

Producer  gas  is,  then,  the  combustible  gas  obtained  by  the  burning 
of  solid  fuel  with  a  restricted  supply  of  air,  or  with  air  and  steam  together 
in  such  a  way  that  there  is  subsequent  reduction  of  the  products  of 
combustion  and  the  steam  by  incandescent  carbon.  When  air  alone 
is  used,  the  gas  is  called  "  air  gas."  When  steam  is  blown  in  along 
with  the  air  the  gas  obtained  is  called  "  semi-water  gas."  By  the  action 
of  steam  alone  on  heated  carbon  the  product  is  "  water  gas." 

Whenever  carbon  bums  the  first  product  of  the  reaction  ts  carbon 
dioxide  according  to  Eq.  (1)  C+2O  =  CO2+96960  calories.  If  the  supply 
of  oxygen  is  limited  and  there  is  sufficient,  contact  of  the  gases  with  the 
carbon  the  temperature  increases  until  the  carbon  dioxide  first  formed 
is  partially  reduced  according  to  Eq.  (2)  CO2  +  C-2CO-38960  calories. 
Of  the  96960  calories  developed  in  the  formation  of  the  gramnnolecule 
of  carbon  dioxide  accordii^  to  Eq.  (1),  38960  calories  are  consumed 
in  the  second  reaction  and  stored  up  as  chemical  enet^  i°  ^^^  carbon 
monoxide  formed,  and  58,000  calories  liberated.  As  two  gram-molecules 
of  carbon  monoxide  are  formed  in  Eq.  (2),  the  58,000  calories  liberated 
constitute  about  30  per  cent  of  the  total  heat  of  combustion  of  the  two 
gram-molecules  of  carbon  which  are  present  in  the  c^ipibustible  gas  formed, 
when  burned  according  to  Eq.  (1).  In  other  words,  by  this  method  of 
converting  solid  carbon  into  carbon  monoxide,  about  30  per  cent  of  the 
heat  of  combustion  of  the  carbon  ie  liberated  in  the  producer,  even  if 
the  reaction  according  to  Eq.  (2)  is  com|riete,  which  is  never  the  case, 
for  the  reaction  is,  as  represented,  reversible,  and  for  every  temperature 
there  is  a  definite  composition  of  the  gas  mixture  which  is  in  equilib- 
rium with  carbon  at  that  temperature.  The  extent  to  which  the  action 
approaches  equilibrium  depends  on  the  velocity  of  the  action  and  the 
time  and  extent  of  contact  of  the  gases  with  the  heated  carbon.  This 
beat  evolved  in  the  producer  need  not  all  be  lost,  as  the  gases  may  be 
used  while  much  of  this  heat  is  contained  in  them,  or  it  may  be  used 
to  preheat  thelur  and  steam  put  into  the  producer,  but  the  loss  will  still 
be  about  20  per  cent  of  the  heat  of  combustion  of  the  carbon. 
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Producer  gas  has  the  lowest  calorific  value  of  any  gaseous  fuel,  and 
the  temperature  of  its  Same  is  the  lowest  of  any,  yet  it  is  the  cheapest 
artificial  gas  per  unit  of  heat.  It  has  become  of  great  commerciaJ  advan- 
tage, as  nearly  any  kind  of  solid  fuel  can  be  converted  into  a  gaseous 
fuel  in  the  producer.  Although  about  20  per  cent  of  the  total  heat  of 
combustion  of  the  fuel  is  lost  in  the  producer,  the  rem^der  can  be  used 
80  efficiently  that  the  loss  is  more  than  retrieved.  Its  use  in  comiection 
with  the  gas  engine  is  an  efficient  means  of  power  generation.  With 
care  it  can  be  burned  with  a  small  excess  of  air,  and  complete  combustion 
secured,  causing  a  smaller  amount  of  heat  to  be  carried  away  by  the  , 
escaping  gases. 

It  is  finding  application  in  commercial  work  of  miuiy  kinds  where 
a  gas  of  high  calorific  value  is  not  requu^d. 

Siemens*  R^eoeratiTe  Fumace.  The  method  used  in  connection  with 
the  Otto-Hoftmann  oven  above,  for  recovering  the  heat  from  the  flue 
gases  is  known  as  the  re- 
generative system.  Fig.  73 
is  an  illustration  of  this 
type  of  furnace,  which  was 
first  worked  out  by  Siemens 
in  connection  with  his  gas 
producer,  and  known  as 
the  Siemens  "r^enerative" 
fumace.  Beneath  the  fur- 
nace proper,  A,  are  four 
chambers,  B,  C,  D,  and  E, 
filled  loosely  with  firebrick. 

The    gas    and     air   enter  Pio,  73, 

through  B  and  C,  and  after 

bumit^  pass  out  through  D  and  E.  After  the  interior  of  D  and  E  is 
highly  heated  the  direction  of  the  gases  Is  reversed,  (he  gas  and  air 
entering  through  D  and  E,  where  they  are  highly  heated  before  burning, 
and  escape  through  A  and  B.  Various  methods  have  been  worked  out 
for  the  recovery  of  the  heat  contained  in  the  gases  which  escape  after 
the  completion  of  an  operation.  This  is  illustrated  in  the  Otto-Hoffmann 
and  Semet-Solvay  coke  ovens  above,  and  in  connection  with  gas  pro- 
ducers it  is  a  matter  of  considerable  importance  to  use  as  much  as  pos- 
sible of  the  heat  of  the  escaping  gases  to  preheat  the  air  and  steam 
introduced  into  the  producer. 

Combustion.  It  is  not  possible  to  discuss  here  the  problem  of  com- 
bustion in  a  theoretical  way,  and  the  student  must  be  referred  to  some 
of  the  larger  works  where  this  subject  is  discussed.  It  may  be  said  in 
a  general  way  that  the  object  sought  in  the  combustion  of  fuel  is  to 
secure  complete  combustion  of  the  fuel  with  as  small  an  excess  of  air 
as  practicable.    There  are  many  factors  which  are  involved  in  obtaining 
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these  results,  one  oi  the  most  important  of  which  is  to  obtain  a  thor- 
ough mixing  of  the  ^r  with  the  volatile  matter  produced  from  the 
heated  fuel.  An  occaaonal  analysis  of  the  flue  gases  is  a  necessary- 
guide  for  the  proper  mani^ement  of  the  furnace,  and  there  are  instru- 
ments now  on  the  market  for  the  automatic  recording  of  the  content 
of  carbon  dioxide  in  the  flue  gases  which  are  very  helpful  in  the  man- 
agement of  the  furnace.  Gaseous  fuel  can  be  burned  with  very  little 
excess  of  air  by  conducting  a  mixture  of  air  and  the  gas  through  or  over 
porous  material  auch  as  porous  fire  clay.'  Ot  course  care  must  be  taicen 
to  prevent  back-firing  of  the  mixture. 

Water  Gas.  Steam  is  usually  forced  into  the  gas  producer  along 
mth  Eur  to  overcome  practical  difficulties  encountered  in  operating  the 
producer  with  air  alone,  and  at  the  same  time  to  increase  the  calorific 
value  of  the  gas.  As  the  action  of  steam  on  carbon  is  accompanied  witii 
an  absorption  of  heat,  it  ia  necessary  to  supply  beat  to  continue  the  opera- 
tion. The  production  ot  "  semi-water  gas "  is  made  a  continuous 
operation  by  the  heat  generated  by  the  action  <rf  the  oxygen  of  the  air  * 
coi  the  fuel  in  the  producer.  By  separating  the  two  operations  taking 
place  in  the  formation  of  "  semi-water  gas,"  and  collecting  the  result- 
ing gases  separately,  we  would  obtain  "  air  gas  "  and  "  water  gas,"  The 
intermittent  operation  of  the  producer  with  air  and  steam  is  the  usual 
method  of  preparing  water  gas.  The  producer  is  operated  a  few  minutes 
with  air  until  the  temperature  ia  sufficiently  high,  when  steam  is  passed  in 
until  tiie  temperature  falls  too  low  to  produce  a  gas  of  high  calorific  value. 

The  action  of  steam  on  highly  heated  carbon  results  in  the  formation 
of  carbon  dioxide,  hydr<^en,  and  carbon  monoxide  in  proportions  varying 
with  conditions.  It  is  customary  to  express  the  acti<m  by  the  fdlowing 
two  equations: 

(1)  2HjO-t-C  =  CO2-|-2H2-18340. 

(2)  H2O-|-C  =  CO-fH2-28650. 

At  low  temperatures  the  reaction  is  mostly  according  to  Eq.  (1) 
while  at  more  elevated  temperatures,  according  to  Eq.  (2). 

As  the  gases  formed  by  these  two  reactions  are  capable  of  reactii^ 
according  to  Eq.  (3)  COz+2Hi^CO  +  H2O-9310,  and  since  equilibrium 
ia  obtained  more  readily  between  gases  than  between  a  solid  and  a  gas, 
the  composition  of  the  water  gas  will  tend  to  approach  the  condition  of 
equilibrium  according  to  this  equation. 

The  producer  used  to  generate  water  gas  does  not  differ  greatly  from 
the  ordinary  gas  producer.  The  first  successfid  water  gas  plant  was 
worked  out  by  Lowe  in  1874. 

For  illuminating  purposes,  water  gas  which  bums  with  a  non- 
luminous  flame  is  passed  over  hi^ly  heated  surfaces  over  which  a  slow 
stream  of  petroleum  is  allowed  to  Sow.  The  products  of  decomposition 
'  Engineering,  p.  9I-4S7. 
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at  the  petroleum  mixing  with  "water  gas"  contribute  the  de^red  iUu- 
minaDts.    (See  Chapter  XX.) 

By  having  a  thin  fuel  bed  it  is  possible  to  operate  during  the  intro- 
duction of  air  in  auch  a  way  that  practically  no  carbon  monoxide  is 
produced,  and  the  total  heat  of  combustion  of  the  carbon  consiuned  is 
liberated  in  the  producer.  The  time  required  for  the  operatJon  with 
the  air  blast  is  much  reduced  in  this  way.  The  composition  of  water 
gas  ia  about  as  follows: 

Hydrogen 51.5 

Carbon  monoxide 41.0 

Methane 0.1 

Carbon  dioxide 4.0 

Nitrogen 3.4 

100.0 

It  is  composed  almost  entirely  of  combustible  gases  and  ti&a  a  calorific 
value  much  higher  than  producer  gaa.  The  presence  of  such  laige  amounts 
ctf  carbon  monoxide,  which  is  highly  poisonous  and  without  odor,  consti- 
tutes a  danger  in  its  use. 

Coal  Gas.  Coal  gaa  is  made  hy  the  destructive  distillaticm  of  C04]  in 
fireclay  retorts  of  special  construction.  They  are  mounted  above  a 
gas  producer  frhich  furnishes  the  gas  with  which  the  retorts  are  heated. 
Above  is  a  fireclay  arch.  Each  retort  effects  the  distillation  of  a  charge 
of  about  400  lbs.  in  four  hours.  The  gas  escapes  through  a  cast>iron 
mouthpiece  which  closer  the  open  end  of  the  retort  and  into  a  conmion 
main,  where  the  opening  of  each  tube  is  water  seded  to  prevent  back 
pressure  when  the  retort  is  opened. 

The  compoffltion  of  the  gas  varies  with  the  land  of  coal  used  and  the 
conditions  durii^  distillation.  These  cause  greater  chai^  in  the  illumi- 
nating power  than  in  the  calorific  value.  It  bums  with  a  bright,  often 
sooty  Same,  and  as  it  is  composed  almost  entirely  of  combustible  gases  it 
has  a  high  calorific  value.  The  coke  left  in  the  retort  is  of  inferior  quality 
because  of  the  method  used  to  effect  distillation  and  the  character  of  tiie 
ooal  necessary  to  form  a  good  quality  of  gas. 

It  is  used  principally  for  illumiuating  purposes,  and  on  account  of  iti 
high  calorific  value,  it  is  used  to  some  extent  where  a  great  deal  of  fuel 
is  not  needed.     For  further  particulars  see  Chapter  XX. 

The  followii^  '  is  an  average  composition  of  coal  gas: 

Hydrogen 48.0 

Carbon  monoxide 8.0 

Methane 36.0 

Unsaturated  hydrocarbons 3.8 

Nitrogen 4.2 

'  J.  8,  C.  I.,  1888,  p.  20.  , 
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Oil  Gas.  Oil  gas  is  made  by  the  destructive  distillatioQ  of  petroleums. 
It  is  somewhat  similar  to  coal  gas,  and  contuns  a  considerable  amount  of 
unsaturated  hydrocarbons  which  imparts  luminosity  to  the  fiame. 

Natural  Gas.  Natural  gas  occurs  ready,  formed  in  the  earth,  and  in  the 
oil  r^ions  of  Pennslyvania  and  Russia  it  is  found  in  enormous  quantities. 
It  always  accompanies  petroleum,  and  their  oi^ins  are  closely  connected. 
It  is  frequently  confined  under  great  pressure,  and  when  borings  are  made 
through  the  overlying  strata  its  escape  is  at  times  beyond  control.  While 
it  always  accompanies  petroleum,  It  is  sometimes  found  alone. 

As  it  is  composed  almost  entirely  of  combustible  gases,  its  calorific 
value  is  very  high.  The  natural  gas  of  this  country  bums  with  a  slightly 
luminous  flame,  and  has  a  higher  kindling  point  than  other  gaseous  fuels. 
When  it  is  properly  burned  it  is  an  excellent  fuel  because  of  its  high  calorific 
value  and  practically  smokeless  flame. 

The  composition  of  natural  gas  varies  according  to  the  locality,  that 
from  any  one  district  remaining  quite  uniform  in  compoEdtJon. 

Gasoliae.  During  recent  years  large  quantities  of  the  low  boiling 
fractions  of  petroleum  have  been  used  in  internal  combustion  engines. 
These  low-boiling  fractions,  known  as  gasoline,  are  now  used  in  such 
enormous  quantities  that  efforts  have  been  made  to  increase  the  output 
above  that  obtained  by  simply  distilling  off  the  low-boiling  fractions  of 
petroleum.  Gasoline  is  now  also  obtained  from  natural  gas  supplies  by 
condensing  the  vapors  of  liquid  hydrocarbons  contained  in  the  combustible 
gases.  The  most  important  recent  development  in  the  production  of  * 
gasoline  is  its  formation  from  the  higher-boiling  fractions  of  petroleum. 
Tliis  is  accomplished  by  the  decomposition  of  the  more  complex  mole- 
cules of  the  higher-boiling  fractions  of  petroleum  into  low-boiling  fractions 
of  smaller  molecular  Weight.  This  process  is  known  as  cracking.  A 
number  of  such  processes  have  been  devised  and  several  have  been  put 
into  operation.  Aluminum  chloride  is  sometimes  used  in  this  operation. 
The  most  widely  known  of  these  operations  is  the  Burton  process. 

The  Burton  process  is  a  method  for  making  gasoline  from  high-boiling 
hydrocarbons  and  was  worked  out  in  the  laboratory  of  the  Standard  Oil 
Company  of  Indiana.  It  has  been  in  commercial  operation  since  1913, 
and  has  been  the  most  successful  of  the  various  processes  proposed  for 
ffiaking  gasoline  from  heavier  oils.  There  are  in  operation  now,  at 
different  plants  throughout  the  country,  967  stills,  which  produce  daily 
about  1\  million  gallons  of  gasoline. 

The  material  that  is  transformed  by  this  process  is  an  intermediate 
distillate  from  petroleum.  It  is  the  fraction  coming  off  after  the  lighter 
fractions  of  gasoline  and  kerosene  and  before  the  fractions  suitable  for 
lubricatii^  oils.  This  fraction  is  commonly  known  as  fuel  or  gas  oil, 
and  most  of  it  boils  above  260°  C. 

The  process  consists  in  the  distillation  of  this  heavy  oil  imder  a  pres- 
sure of  4  or  5  atmospheres.    This  pressure  is  obtained  and  maintained 
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during   the   diatiUatioD   by  gas,  which  is  formed  by  decomposition  of 
the  oil. 

The  gasoline  made  by  this  process  is  practically  the  same  as  gasoline 
made  by  simple  distillation  of  crude  oil.  It  contains  more  unsaturated 
hydrocarbons.  But  for  use  as  a  fu«l  in  internal  combustion  engines,  it 
is  as  good  as  the  gasoline  from  the  crude  oil. 
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CHAPTER   IV 

SULPHURIC  ACID 

WILLIAM  M.  GROSVENOa 

Occurrence.  Sulphuric  acid  is  found  in  commerce  as:  Chamber  acid 
'about  53°  B4.,  66.6  per  cent  H2SO4)  taken  from  the  bottoms  of  the  cham  • 
bera  in  the  chamber  process;  Glover  acid  {about  60°  B6.,  77,7  per  cent) 
t&ken  from  the  first  or  Glover  tower  of  the  chamber  process;  66  acid,  is 
furly  pure  acid  concentrated  (see  p.  13{t)  to  66°  B€.,  93.2  per  cent;  98 
acid,  of  98  per.cent,  made  by  concentration  or  by  the  contact  process  (see 
p.  117)  and  generally  of  great  purity;  oleum  or  fuming  acid  (100  per 
cent  H3SO4  containing  additional  SO3  in  solution),  made  by  distillation 
of  sulphates  (obsolete)  or  by  the  contact  process;  Nordhausen  acid 
(oleiun  when  made  from  distillation  of  weathered  shales  [obsolete  ,  con- 
tuning  iron  sulphate  or  from  FeS04),  approximating  a  composition 
H2S04S03  or  H2S2O7  which  is  pyrosulphuric  acid;  and  oil  of  vitriol,  also 
called  o.v.  (generally  about  66°).  The  old  name,  "oil  of  vitriol,"  is  derived 
from  its  firet  preparation  by  the  alchemists  Gaber,  Valentine  and  their 
predecessors,  who  made  it  by  distillation  of  sulphates,  particularly  green 
vitriol,  FeS04,  or  by  the  burning  of  sulphur  after  the  addition  of  salt- 
peter. Id  fact,  historically,  sulphuric  acid  is  one  of  the  first  isolated  acids, 
known  to  the  Arabians  in  the  eighth  century  and  to  Europe  in  the  four- 
teenth and  fifteenth  centuries,  when  chemical  industries  really  ^egan  to 
develop. 

Industrial  Position.  The  importance  of  an  industry  is  something  by 
which  ^e  should  always  be  guided.  The  tonnage  indicates  to  a  great 
degree  the  opportunity  for  engineering  skill;  the  value  marks  the  utility 
of  effort  to  improve  (except  revolutionary  improvements  that  establish 
entirely  new  price  levels  and  thereby  new  horizons  of  usefulness).  There 
we  something  over  10  sulphuric  acid  plants'  in  the  United  States, 
the  majority  of  the  plants  being  located  in  Georgia,  Pennsylvania,  New 
Jersey,  New  York,  South  Carolina,  Maryland  and  Ohio,  Expressed 
in  short  tons  and  calculated  as  50°  E^  ),  the  production  of  sulphuric  acid 
in  183  works  in  the  United  States  was  2,748,527  .tons  in  1909.  These 
works  are  distributed  approximately  as  follows:  North  Atlantic  States, 

1  In  1916  we  find  that  211  plants  produced  5,642,112  tons,  worth  $62,707,369,  and 
443,332  tons  over  66°  and  therefore  Dot  included  by  the  U.  S.  Geol.  Bureau  in  the  acid 
figured  to  SO"  B6.    Note  the  wonderful  increaae. 
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41  per  cent,  South  Atlantic,  29  per  cent,  North  Central,  18  per  cent. 
South  Central,  8  per  cent,  and  the  Western,  where  mining  and  agricul- 
ture predominate,  4  per  cent.  One  would,  therefore,  not  consider  a  very 
large  instailation  in  the  West  without  providing  some  new  outlet,  or  in 
the  East  without  preparing  to  meet  competition.  Compared  with  other 
industries  it  is  a  grown  man  though  by  no  means  a  giant.  In  tonnage  it 
is  almost  as  large  as  the  salt  production,  2,962,715  tons,  and  well  over 
double  the  newspaper  production,  1,175,554  tons.  Compared  with  other 
products  known  as  chemicals  it  stands  second  to  the  greatest,  fertilizers. 


Fertili»era 

Sulphuric  acid.... 

Sodasf 

Muriatic  acid 

Production.* 

..  5,240,164  tons 
. .  2,748,527    " 
. ..     947,576    " 
..      122,360    "     . 

6,085,444  toDB 

Value.* 

$92,369,000 

16,779,000 

18,305,000 

2,120,000 

6.820,000 

1,390,000 

973,000 

346,000 

296,000 

$73,514,126 

29000    " 

Hydioftwricacid.. 
Boric  acid 

25,146    " 
4,014    " 
2,778    " 

Uses  of  Sulphuric  Add.  The  uses  of  sulphuric  acid  are  as  follows 
in  about  the  relative  proportion  given: 

Fertiliier  numufactiue 51.9 

Petroleum  purification 11.7 

tackling  iron  and  steel 8.1 

Alum  manufacture 4,6 

Mixed  add  manufacture  (greatly  increased  by  war) 4.1 

Muriatic  manufacture 3.2 

Textile  industry 3.1 

Kitric  manufacture  (greatly  iflcreased  by  war) 3.1 

All  other  ubm 10.2 

lOO.O 

For  fertilizers,  acid  of  50"  to  60°  B£.  is  used  both  in  the  manufacture  of 
phosphate  fertilizers  and  in  the  manufacture  of  ammonium  sulphate. 
Likewise  for  the  pickling  or  cleaning  from  oxide  scale,  60°  acid  is 
genertdly  purchased,  although  of  late  years  the  higher  purity,  together 
with  the  lower  freight  and  cheapening  of  high  strength  acid,  has  led  to 
the  purchase  of  considerable  contact  acid  for  this  purpose.^  For  dyeing 
and  electroplating,  as  well  as  for  the  manufacture  of  many  chemicals, 
the  weaker  acid  may  also  be  used.  Acid  of  66°  B6.  is  most  largely  con- 
sumed in  the  purification  of  petroleum,  recovery  of  rubber,  manufacture 

'  Also  the  use  of  contact  acid  in  making  nitric  has  led  to  the  production  of  As  free 
niter  cake,  now  largely  used  in  hot  solution  (or  pickling  st«el,  for  which  purpose  it 
has  adrsntages  orei  aoid. 
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of  explosives  and  in  making  mixed  acid  to  be  used  for  Hub  purpose.  For 
the  making  of  mixed  acid,  however,  the  98  per  cent  or  olemu  is  being  more 
largely  used,  since  it  pennits  the  use  of  a  weaker  nitric  and  greatly  decreases 
the  cost  of  nitric  acid  manufacture  without  materiidly  increasing  the 
cost  of  the  sulphuric.  Spent  acid  (or  mixed  acid  which  has  been  used 
in  nitration)  is  sometimes  repurchased  by  the  nitric  acid  manufacturer. 
It  can,  to  a  considerable  extent,  be  used  (with  stronger  sulphuric)  for 
the  manufacture  of  nitric.  Ninety-eight  per  cent  (as  well  as  66°)  is  also 
used  in  purifyii^  certain  fats  and  greases,  and  fortifying  weaker  acid  and 
weak  nitrating  mixtures  in  the  manufacture  of  pyroxylin  products. 
Oleum,  or  acid  stronger  than  100  per  cent,  is  used  most  largely  in  making 
mixed  acid  for  the  manufacture  of  explosives,  and  using  the  entire  output 
of  the  nitric  plant,  in  making  organic  sulphonates  and  oiganic  dyes,  the 
manufacture  of  other  chemicals,  and  in  fortifyii^  or  strengthening  acid 
weakened  by  reduction,  so  that  the  acid  may  be  used  again. 

Cost  of  Manufacture.  It  is  wise  also  to  keep  always  in  mind  the 
intrinsic  commercial  values  of  materials.  No  mistake  of  the  young 
engineer  is  more  fatal  to  his  success  than  the  loss  of  the  practice  man's 
confidence  incident  upon  a  proposal  to  "  Idll  flies  with  an  IS-inch  gun," 
as  one  of  them  expressed  it. 

The  manufacturii^  cost  (includir^  interest  on  plant,  amortization, 
repairs,  raw  materials,  labor,  miscellaneous  and  "  overhead  chaiges  ") 
varies  in  this  country  from  about  $6.50  per  ton  of  tower  acid  (about  60°) 
to  t9  for  98  per  cent  when  made  from  waste  smelter  gases.  As  made  from 
purchased  ore  for  the  chemical  trade,  costs  vary  from  at)out  96.50  per 
ton  of  tower  acid  to  between  $9  and  S12  per  ton  of  HjSOt  in  the  form 
of  66°  acid  or  98  per  cent.    At  present  (1918)  about  20  per  cent  higher. 

_  Sales  prices  vary  from  87.50  to  $10  per  ton  of  tower  acid  and  from 
$12  to  $20  per  ton  H  SO4  for  high  strengths  according  to  quality,  kind 
of  pack^e,  size  of  shipment  or  contract,  freight  allowance,  etc.,  "  what 
the  traffic  will  bear."  These  prices  are  generally  quoted  per  100  lbs., 
1/20  of  a  ton,  so  quotations  on  "  66  o.v.,"  for  instance,  will  be  upward  of 
60  cents.     In  1915  and  1917  prices  twice  to  three  times  as  high. 

Properties.  The  strong  acid  is  a  heavy,  oily  liquid,  practically 
colorless,  odorless  when  pure,  but  generally  smelling  strongly  of  SOj 
generally  present  in  excess  when  the  acid  is  formed.  Its  density 
approaches  1.9  times  that  of  water  at  15°  C,  the  weak  acid  boils  with 
evolution  of  water  and  the  concentrated  acid  finally  boils  at  a  temperature 
of  about  290°  C.  with  decomposition  into  water,  SO2,  SO3  and  oxygen. 
The  strong  acid  has  a  heat  capacity  about  one-third  that  of  water  and 
freezes  in  the  neighborhood  of  10°  C.  Strong  acid  and  oleum  have  a  power- 
ful dehydrating  action,  breaking  down  the  skTn  and  many  organic 
materials  by  robbing  them  of  water,  and  in  some  cases  carbonizing  and 
blackening  them.  Severe  burns  produced  by  sulphuric  are  best  treated 
by  the  instant  application  of  large  quantities  of  water.    Unless  large 
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quantities  are  avtulable  the  acid  should  first  be  wiped  away  with  some- 
thing dry  before  wasbing,  as  the  heat  of  dilution  with  small  quantities 
of  water  or  with  alkali  accentuates  the  bum.  Quick  removal  of  the  acid, 
washing  with  water  and  after  treatment  with  an  emulsion  of  sterilized 
Bweet  oil  and  lime  water  or  ammonium  carbonate  makes  a  satisfactory 
treatment.  For  the  eyes  bicarbonate  of  soda  should  be  used  instead  of 
the  stronger  alkali. 

Corrosive  PropertieB.  Sulphuric  acid  with  commercial  impurities 
attacks  practically  all  metals  including  platinum.  The  attack  od  platinum, 
however,  is  ordinarily  vepy  slow.  On  iron  it  is  slow  for  acid  exceeding 
65  per  cent,  on  lead  for  acid  less  than  65  per  cent.  Heat  increases  the 
rate  of  corrosion  in  all  cases  unless  the  boiling  point  of  concentrated  acid 
is  exceeded.  Gaseous  acid,  water,  SOa,  and  small  quan  ities  of  SO3  do 
not  strongly  affect  either  lead  or  iron,  but  condensation  must  be  avoided 
or  the  strength  of  the  condensate,  if  any,  carefully  considered.  Liquid 
or  dissolved  SOa,  however,  has  a  peculiar  action  on  cast  iron,  appearing 
to  enter  the  pores  and  disrupt  the  casting,  sometimes  with  a  violence 
approaching  explosion.  Steel,  8emi-«teel  and  to  some  extent  malleable 
iron  castings  may  be  used  as  substitutes  in  this  case.  Corrosion  by  the 
liquid  acid  of  wrought  iron  pipe  is  much  less  than  that  of  steel,  but  it  is 
to  be  remembered  that  nearly  all  pipe  sold  as  wrought  iron  is  really  steel 
pipe.  The  great  hygroscopic  action  of  sulphuric  is  an  important  factor 
in  corrosion  of  vessels  and  pipes.  If  air  be  allowed  free  access  to  the  pipes 
the  acid  rapidly  dilutes  itself  by  absorption  of  mobture  from  the  tur  and 
corrodon  proceeds  quickly.  Where  iron  and  steel  are  concerned,  there- 
fore, the  air  should  either  be  dry,  or  as  ar  as  possible  excluded. 

One  fact  should  always  be  remembered;  corrosion  of  metal  goes  on 
to  some  extent  under  nearly  all  con<Utions;  more  or  less  hydrogen  is 
produced  and  it  is  extremely  dangerous  to  use  aa  exposed  flame  or  a  worn 
electric  wire  near  such  vessels  without  insuring  the  absence  of  "  knallgas." 
Washing  out  with  water  should  be  avoided  as  much  as  possible  and  done 
only  after  previous  emptying  and  cleaning  from  mud.  Then  an  excess 
of  commercial  hydrated  lime,  powdered  quicklime  or  even  air-slacked 
lime  cr  soda  ash  may  be  used,  but  certainly  a  powerful  stream  of  water 
should  be  intermittently  supplied  and  the  vessel  allowed  to  empty  itself 
completely  at  frequent  intervals  until  the  water  is  neutral.  In  sending 
workmen  into  such  vessels  the  possibility  of  asphyxiation  should  always 
be  guarded  against. 

Sources  of  Raw  Material.  Three  principal  sources  of  sulphuric  acid 
are,  native  sulphur,  sulphide  ores  and  those  gases  which  were  formerly 
wasted  in  technical  work,  from  smelters,  etc. 

Sidphw.  Crude  sulphur  for  making  sulphuric  acid  comes  from  two  prin- 
dpal  sources:  volcanic  deposits  of  Sicily  and  underground  beds  in  Louisiana 
and  Texas.  So  great  has  been  the  development  of  these  that  imports 
have  ceased.    It  occurs  chiefly  mixed  with  limestone,  supposed  to  have 
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been  produced  with  the  sulphur  by  the  reduciiMs  action  of  carbooaceoufi 
matter  and  heat  on  calcium  sulphate.  There  are  numeroua  scarcely 
developed  deposits  of  this  nature  in  the  United  States. 

In  Sicily  sulphur  is  mined  on  the  south  from  Cataisia  to  Girgeute. 
It  is  separated  from  the  gangue  by  fusion  and  distillation,'  and  came 
into  the  American  market  as  dirty  yellow  lumps  of  irregular  shape  and 
size.  The  Louisiana  deposits  are  attacked  in  a  peculiar  and  ingenious 
way  by  (Frasch  ^)  boring  and  piping  the  hole,  forcii^  down  high-pressure 
steam  to  melt  the  sulphur  deposit  around  the  end  of  the  pipe  and  then 
'  supplying  air  to  raise  the  mixed  column  of  water,  air  and  sulphur  to  the 
surface.^  The  sulphur  thus  obtained  is  of  a  better  quality  than  much  of 
the  imported  article.    Texas  properties  are  mostly  similar. 

A  fair  idea  of  the  purity  of  crude  sulphur  may  be  given  by  the  follow- 
ing analysis  of  a  product  worth  about  $1S  to  S20  per  ton.  S=95.4,  Ca, 
Sr.  Mg.  all  figured  (as  Ca)  1.5,  SiOs  =  I.3.  The  Louisiana  sulphur  is 
99.6  per  cent  pure  and  sells  for  about  $22. 

PyrUes.  Pyrites,  FeSa,  carrying  often  more  or  less  CuS  is,  iA  present, 
by  far  the  lai^est  source  of  sulphur  for  acid  making.  Its  use  began 
alx)ut  1830.'  Considerable  quantities  are  imported,  chiefly  from  Spain,* 
Portugal  and  Newfoundland.    Prices  (1918)  16-17  cents  per  unit  L.T. 

Deposits  in  the  United  States  have  been  developed  in  New  York, 
New  Jersey  and  several  of  the  southern  Appalachian  and  far  Western 
States.  Most  of  them  are  not  as  high  grade  as  the  imported  ore,  but 
some  are  of  the  finest  character.^  Copper,  zinc,  calcium,  magnesium  and 
Bometimea  lead  are  objectionable  from  the  point  of  view  of  the  acid  maker, 
as  they  retain  sulphur   that  oxidizes  to  sulphate  and   is  not  available 

'See  "Mineral  Indiiatry,"  Vol.  VIII,  p.  592. 

<  U.  S.  pBtenta  461,429,  461,430  and  461,431  of   1891. 

•  See  BtiD.  Snd  Mng.  Jour.,  Dec.  14,  '07.     Day  Allea  Willey,  p.  1107. 
'  Lunge,  "  Sulphuric  Acid  and  Alkali,"  third  editioD,  Vol.  I,  p.  30. 

*  Analysis  of  some  Spaniah  ores  with  cost  at  works  100  to  300  miles  from  seaboard 
ace  given  for  wnipariaon  per  100  lbs.  of  sulphur  contained  in  the  ore. 


s. 

A. 

Cu. 

Fe, 

Pb. 

Zd.      I  Gincue. 

Pri« 

Bio  Tinto  lump 

Rio  Tioto  lump 

49.69 
47.95 
49.9 
49.4 
45. 

.72 

.11 
.39 

3.12 

1.7 
.46 

44.01 

43.8 
46.21 

.86 
.47 

....          6.2 

.12         

.82 
.55 

Zalomea 

Prioea  are  generally  made  "per  unit, "  which  meana  per  ton  per  per  oott  of  sulphur. 
Peruno,  therefore,  at  81  cenU  per  100  lbs.  of  sulphur  would  be  116.20  per  short 
ton  of  sulphur.  This  means  S7.29  per  ton  of  ore.  If  $1  freight  had  been  paid,  this 
makes  the  selling  price  S6.29  per  short  ton  of  ore  which  would  be  quoted  at  t6.29-i- 
45  —  13.9  cents  per  unit  (short  ton.) 

*  Numerous  analysea  of  United  States  ores  are  given  in  Lunge,  "Su^diuric  Add 
and  Alkali,"  third  edition,  pp.  57  et  seq.    Prices  (1918),  17-22  cents  per  unit  L.T. 
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tot  bumiDg.  The  lead  and  sine  otherwise  ioterfere,  by  volatilixing. 
For  roasting  to  produce  SO2  the  per  cent  CuX.505+per  cent  CaX.799+ 
per  cent  Mg.X  1.31 +0.6  (const.)  may  safely  be  deducted  from  the  analyt- 
ical per  cent  of  sulphur  in  the  ore  to  ascertain  the  probable  actual  sulphur 
value.  But  this  is  by  no  means  all,  as  it  is  not  proper  to  value  ore 
directly  in  proportion  to  the  amount  of  sulphur  available.  Allowances 
must  be  made  for  the  increased  cost  of  handlii^  the  gangue  both  aa 
ore  and  as  cinder,  and  for  the  larger  installation  and  repairs  required 
where  low  grade  material  is  used.  Also  the  losses  in  cinder  are  abso- 
lutely larger  with  low  grade  ores,  but  even  the  same  loss  (say  2  per  cent) 
is  equal  to  4  per  cent  of  the  total  sulphur  in  a  50  per  cent  ore,  5  per 
cent  of  the  total  sulphur  in  a  40  per  cent  ore. 

Waste  Gases.  The  third  source  of  sulphur  is  waste  gases,  particularly 
the  "  fiunea  "  from  sulphide  smelters.  In  smelting  sine  and  copper  ores  a 
quantity  of  SOj  is  produced  which  is  also  turned  into  acid.  These  gases 
are  otherwise  at  present  worthless  and  are  in  many  places  a  source  of 
great  expense  to  the  producers,  owing  to  damage  suits  by  those  whose 
crops  or  trees  are  injured  thereby.  This  damage  is  denied,  but  the  fact 
remains  that  the  vicinity  of  a  sulphide  smelter  is  desolated.  This  source 
of  sulphur  for  acid  production  promises  to  exceed  all  others.' 

Su^nr  Burning.  lo  burning  sulphur  three  points  chiefly  have  to 
be  considered:  i.e^  freedom  of  the  gases  from  volatilized  sulphur  which 
has  not  been  oxidised,  sufficient  richness  of  the  gases  for  profitable  opera- 
tion of  the  sulphuric-acid  making  portions  of  the  plant,  and  as  complete 
removal  as  possible  of  sulphur  from  the  slight  residue  of  mineral  matter. 
It  is  a  familiar  fact  in  domestic  economy  that  sulphur  used  for  sterilizing 
does  not  bum  up  completely.  Provision  must  be  made  for  maintaining 
a  sufficiently  high  temperature  of  the  surrounding  walls  and    of  the 

■  Careful  study  of  Che  question  for  years  leads  me  to  believe  that  (in  practically 
all  cftB(s)  it  is  feasible  to  recover  such  fumes,  that  marketable  products  can  be  profitably 
produced  in  any  locality  where  laif^e  smeltera  now  operate,  that  the  value  thui'  produced 
will  in  many  inetancee  exceed  that  of  the  metal  produced,  and  that  do  other  phase  of 
the  Bulphuric  add  industry  is  so  important.  A  single  company  at  two  plants  is  at 
present  wasting  enough  sulphur  to  nearly  equal  the  sulphuric  production  of  the  United 
States,  and  defends  damage  suits  and  injunctiong  in  preference  to  developing  the 
probable  outlets  for  chemicals  it  might  produce.  Zinc  smetlere  located  in  the  Eastern 
and  Central  States  have  already  proGted  laf^ly  by  the  use  of  this  former  waste.  Two 
copper  companies  in  the  South  have  done  something  in  the  same  direction,  producing 
450  to  GOO  tons  a  day  where  they  will  ultimately  produce  several  times  this  amount; 
but  when  there  is  no  ready  sale  for  acid  as  such,  "policy"(?)  prevents  the  development 
of  methods  for  utiliimg  these  sources  of  sulphur.  The  smelter  fcasea  vary  considerably 
in  strength  of  SOi,  contain  much  dust  and  metallic  oxides,  sometimes  precious  metals, 
as  well  as  considerable  quantities  of  carbon  dioxide  and  some  carbon  monoxide. 

(1917)  This  source  pronusea  some  day  to  be  the  largest.  It  is  already  about  one- 
fourth  of  the  total.  Recent  work  on  treatment  of  soils  with  sulphuric  acid  will  create 
a  hidierto  undreamed-of  outlet  for  "  smelter  acid."  Sulphur  can  also  be  recovered  from 
these  gases  by  the  Thiogen  process  at  an  estimated  cost  of  about  $12  per  ton.  (Bureau 
of  MiiwB  Bulletin  133  of  1917). 
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material  on  which  the  sulphur  is  supported.    For  the  latter  purpose 
an  iron  plate  is  generally  used—  cast  iron  preferred    and  it  should  be  heavy 
enough  and  hot  enough  to  insure  active  combustion  of  the  sulphur  at  all 
pointij,  even  where  the  collected  mineral  re^due  is  practically  all  that  b  left 
and  only  a  small  percentage  of  sulphur  is  being  burned  out  of  it.     For 
this  purpose  special  ovens  are  constructed.     Provision  is  generally  made 
for  the  preliminary  heating  of  the  iron  pans,  and  when  once  lighted  the 
burners  should  either  be  operated  in  battery  or  fed  continuously,  so  that 
the  variations  of  operalJoa  of  the  angle  burner  shall  not  directly  affect 
the  strength  of  the  gases  to  ajiy  material  extent.   The  necessity  for  accurate 
draft  r^ulation  is  apparent.     Too  much  draft  is  better  than  too  little 
if  ample  provision  has  been  made  for  the  complete  interaction  of  the  gases 
before  they  are  allowed  to  cool.     In  some  types  of  burners,  in  which  the 
gases  are  drawn  away  too  quickly  from  the  burning  pan,  an  excessive 
supply  of  air  serves  to  chill  the  vajrors  and  promote  the  deposition  of 
sulphur  in  the  flues.     The  indication  of  such  action  may  be  found  in 
cloudiness  of  the  Glover  acid  or  filming  with  sublimed  sulphur  in  the 
chambers.     A  modem  type  of  furnace 
to  be  recommended  consists  essentially 
of  a  steel  shell  on  rollers  driven  by 
motor  (or  shaft)  provided  at  one  end 
with  mechanism  for  feeding  the  sulphur 
and  regulating  the  draft  and  on  the 
other  with    a    combustion    finishing 
chamber    and    means  for  admitting 
additional  air.     The  sidphur  fed    in 
solid  form  melts  with  the  heat  of  com- 
bustion in  the  cyhnder  and  bums  in  a 
thin  layer  all  over  the  inside  surface  of 
the  walls  kept  wet  with  molten  sulphur 
by  the  steady  rotation  of  the  cylinder. 
Fig.   74    illustrates    another  modem 
type  of  sulphur  burner,  which  operates 
more  like  the  Herreshoff  or  Wedge 
Fig.  74.  burners    for    fine     pyrites    discussed 

later. 
Burning  of  Pyrites."    Like  coal,  pyrites  ore  was  not  recognized  as  a 
combustible  until  early  in  the  last  century,  various  claims  dating  from 
1793  to  1820.     Probably  the  necessity  of  desulphurizing  cuprous  pyrites 
in  the  works  of  Perret  et  Fils  and  the  exhaustive  work  done  by  them  is 

'  One  curious  effect  of  the  war  conditions  in  1918  is  the  fact  that  sulphur  has  tem- 
porarily superseded  pyrites  in  many  plants  and  may  supersede  it  permanently  if  the 
sulphur  producera  are  alive  to  their  opportunity.  To-day  it  is  being  i  sed  more  fully 
even  in  fertilizer  plants  than  tor  many  years,  i.e.,  about  20  per  cent  of  the  present 
^Dormous  production  of  acid  is  already  being  made  from  brimatoD?. 
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maioly  responsible  for  its  success.  The  heat  of  combustioo  must  be  con- 
sep/ed,  and  therefore  considerable  masses  are  required  to  maintain  the 
fire.  As  with  coal,  a  certain  weight  (two  to  three  pounds)  can  be  burned 
per  square  foot  of  grate  per  hour,  the  depth  of  fuel  bed  (on  top  of  cinder) 
generally  varying  from  10  to  30  ins.  Excessive  chaises  lead  to  loss 
of  sulphur  in  the  cinder,  excessive  depth  of  fuel  to  improper  composition 
^of  gases  and  scarring  or  fluxing,  which  corresponds  to  the  formation  of 
clinker  in  an  ordinary  coal  fire. 

The  first  step  in  the  burning  of  pyrites  is  to  properly  adapt  the  sise 
of  the  ore  to  the  character  of  burner  beii^  used.  Although  ore  may  be 
purchased  on  contract  relatively  tree  of  fines  or  small  ore,  it  is  generally 
desirable  to  render  the  plant  as  independent  as  possible  of  market  con- 
ditions. Added  crushing  machinery  for  reducing  all  ores  to  fines  and 
burning  it  all  in  this  condition,  may  even  be  preferred.  The  cost  of 
crushing  and  grinding  in  a  well-designed  plant  is  small,  the  labor  of  crush- 
ing b  less  than  the  increased  labor  of  operating  lump  burners,  and  fur- 
thermore the  cinder  from  fines  ore  is  always  better  burned,  and  the  waste 
of  sulphur  in  this  way  is  always  smaller  with  the  same  composition  of  ore. 
Properly  operated  they  are  without  question  more  economical,  but  they 
present  certain  drawbacks  which  should  be  recognized. 

First,  the  greater  amount  of  dust  produced  and  in  consequence  thereof 
the  greater  volume  of  the  dust  chambers. 

Second,  the  greater  cost  of  repairs  for  most  types  of  the  burners 
themselves,  as  they  require  more  or  leas  frequent  renewal  of  rakes  oi 
rabble  blades,  and  at  long  intervals  some  of  them  require  a  complete  renewal 
of  all  arches.  The  crushing  machinery  also  requires  continued  repairs, 
and  many  manufacturers  prefer  not  to  thus  involve  themselves.  It  is, 
however,  generally  possible  to  obtain  a  sufficient  quantity  of  fines  for 
r^ular  delivery  at  attractive  prices. 

Crushing  Ore.  If  run  of  mine  ore  is  purchased,  lumps  may  exceed 
12  or  14  in.  diameter  and  a  heavy  breaker  of  the  general  Blake  pattern, 
illustrated '  in  Fig.  2,  should  be  provided  and  located  preferably  below 
the  ground  level.  Feeding  should  be  done  from  an  iron  sheathed  plank 
or  cement  floor.  If  lump  ore  is  to  be  burned  the  product  of  the  breaker 
should  be  elevated  to  a  rotary  screen  of  punched  metal  plates  of  }  to  §  in. 
in  thickness  the  holes  in  which  being  J  in.  in  diameter.  The  amount 
of  fines  made  will  be  dependent  upon  the  diameter  of  these  holes,  the 
character  of  the  ore  and  the  speed  of  the  crusher.  Five-eighths  inch 
holes  with  a  crusher  running  approximately  100  R.P.M.  will  produce 
from  12  to  30  per  cent  of  fines.  From  the  rotary  screen,  or  riddle,  the 
fin'.s  should  be  allowed  to  fall  into  a  small  hopper,  and  the  lumps  into  a 
lai^r  one.  If  all  ore  b  to  be  burned  as  fines  there  should  be  placed, 
preferably  below  the  breaker,  one  or  better  two  sets  of  rolls  illustrated ' 
in  Fig.  4,  and  the  breaker  should  be  set  somewhat  closer.  The  breaker 
>  Made  by  G.  V.  CreBaoD  Co.,  Philndelphia,  Pa. 
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may  then  be  expected  to  reduce  the  ore  to  about  U  to  2  in.,  the  firat 
rolls  to  1  in.  and  the  second  rolls  fr<»n  1  to  }  in.  or  less.  For  the 
delivery  of  fines  ore  to  fines  burners  a  belt  conveyor  is  well  adapted,  and 
link-belt  carrier  conveyor  with  tripper  has  been  ueed. 

Weighing  the  Chaige.    For  lump  burners  the  charges  are  required  to 
be  weighed  with  moderate  accuracy;  this  is  best  done  by  drawing  directly 
from  the  hopper  into  the  small  industrial  car  standing  upon  scales  specitJlyv 
introduced  into  the  track  for  that  purpose.    The  charge  for  each  burner 
ia  thufl  separately  weighed  and  dumped  before  the  burner. 

Lump  Bomers.  The  lump  burner  is  nothing  more  than  the  simplest 
pattern  of  deep-bed  coal  fireplace.  As,  however,  the  value  of  its  work 
is  dependent  on  the  production  of  a  rich  and  reliable  gas,  too  much  care 
cannot  be  given  to  its  exterior  tightness,  the  ability  to  regulate  drafts 
accurately,  and  to  shake  out  the  cinder  evenly.  Also,  as  it  is  designed  to 
produce  hot  gases  for  concentrating  acid,  the  loss  by  radiation  from  both 
burners  and  flues  should  be  as  small  as  possible.  In  the  long  run  con- 
structive economy  at  this  point  is  apt  to  be  false  economy.  The  money 
spent  in  thoroughly  encasing  the  burners  and  properly  insulatii^  them 
will  pay  lai^  interest. 

Fig.  75  shows  a  good  type  of  burner,  in  which  the  common  flue  is  pro- 
vided with  a  double  arch  top.  All  doors  are  either  hinged  or  their  faces 
inclined,  carefully  planed,  and  therefore  swing  by  gravity  or  latch  against 
the  planed  edges  of  the  door  jam,  allowing  little  leakage.  The  ash 
pit  door  D  is  perforated  with  7  or  more  1-in.  holes,  which  can  be  plugged 
to  regulate  the  admission  of  air  below  the  grates.  This  arrangement  is 
found  more  satisfactory  than  a  wheel  or  slide  damper  because  the  adjust- 
ment is  less  likely  to  be  displaced  by  accident.  The  doors  E  admit  the 
shaker  to  the  grate  bare  and  also  permit,  to  some  extent,  barrii^  near 
the  grate  level.  The  doors  C  are  likewise  provided  for  the  latter  pur- 
pose, raising  large  scars  to  the  surface  of  the  bed,  but  are  ordinarily  not 
often  required  and  may  be  made  of  the  slide  pattern  and  puttied  tight 
if  desired.  Through  the  door  B  the  charges  are  introduced,  and  distributed 
as  quickly  as  possible  over  surface  of  the  fire  bed.  The  upper  doors  F, 
also  slide  doors,  are  not  open  except  for  occasionally  cleaning  the  upper 
flue  and  may  therefore  be  puttied  up  between  times.  The  crosa-section 
of  the  upper  flue  should  be  carefully  figured  to  avoid  rapid  currents  of 
gas  that  would  interfere  with  the  exit  of  gases  from  th6  individu^  burner. 
These  burners  are  generally  built  from  4  to  5|  ft.  wide  and  4  to  6  ft.  from 
front  to  back. 

Niter  Potting.  Fig.  75  also  shows  one  method  of  potting  niter  (for 
supplying  the  nitric  oxides  to  the  chambers).  The  nitrate  of  soda  and 
sulphuric  acid  are  charged  through  a  tightly  covered  hopper  K,  into  the 
cast  iron  vessel  H,  which  is  supported  on  a  plate  in  an  enlargement 
of  the  common  flue.  Being  thus  subjected  to  heat  from  the  burner,  the 
nitric  acid  is  distilled  out.    The  door  /  is  provided  for  removing  the 
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entire  vessel.     T^e  vessel  may  also  be  provided  with  a  spout  wid  a  greater 
excess  of  sulphuric  acid  used,  bo  that  the  mixture  remains  fluid  while  hot 


and  can  thus  be  run  out  when  a  temporary  clay  plug  is  removed.  If 
niter  is  to  be  potted  in  this  manner  it  b  best  to  provide  a  nimiber  of 
potfi  operated  in  rotation 
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and  at  short  intervals; 
but  the  moBt  satisfactory 
way  of  Buppljing  niter  to 
the  chambers  is  generally 
in  the  form  of  weak  nitric 
acid.  The  manufacturer 
of  sulphuric  acid  located 
where  no  nitric  acid  is 
made,  cannot  generally 
buy  at  satisfactory  prices 
or  afford  to  pay  the  freight 
aa  it  for  this  purpose,  and  is  therefore  reduced  to  the  potting  of  niter. 

Grate  Ban.  Grate  bars,  detuled  in  Fig.  79,  may  be  made  of  either 
cast  or  wrought  iron,  the  latter  being  more  expensive,  but  in  many  instances 
more  satisfactory. 

Shaking.  Shaking  is  done  by  a  crank  handle  shaker,  which  is  some- 
times provided  with  two  handles  equidistant  on  opposite  sides  of  the 
center  rod,  so  that  both  hands  may  be  used  or  two  men  may  operate  the 
shaker.  Alternate  bars  across  the  burner  are  generally  shaken  and  the 
intermediate  bars  at  the  next  period  with  such  additional  treatment  as  is 
required  to  evenly  bring  down  the  cinder.  This  cinder  is  generally  allowed 
to  accumulate  in  the  ash  pit,  and  is  removed  once  in  twenty-four  hours 
with  a  view  to  reducing  the  amount  of  air  allowed  to  leak  into  the  burners. 
From  500  to  900  pounds  can  be  hiuidled  in  each  burner  in  twenty-four 
hours,  dependent  on  the  qudity  and  richness  of  the  ore.  Both  for 
economy  of  construction  and  saving  of  heat,  burners  are  generally  built 
in  double  lines  back  to  back;  it  b  surprising  what  a  difference  in  operating 
two  or  more  such  double  lines  can  be  noted  between  the  operation  of 
those  burners  which  face  one  another  and  the  burners  on  the  outside  facing 
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the  walls  of  the  building.  Good  insulating  burner  walla  are  importuit — 
second  only  to  stability  of  construction. 

Operation  of  Lun^  Burners.    The  burning  of  pyrites 

2FeS+5i02  =  Fe263+2S02+20i> 

well  illustrates  a  type  of  combustion  which  is  extremely  easy  when 
draft  is  properly  regulated  and '  sufficient  mass  of  the  material  is  in- 
volved, but  which  was  for  many  years  regarded  as  impractical  because 
the  exact  conditions  required  were  misunderstood.  Unlike  coal,  prac- 
tically all  pyrite  is  fusible.  Too  active  a  combustion,  i.e.,  too  free  a 
supply  of  air  in  a  large  fuel  bed  produces  too  high  a  temperature  (about 
900°),  causing  the  pyrites  to  melt  and  "scar "  or  clinker,  cementing 
the  unbumed  lumps  together,  sometimes  enclosing  them  entirely,  thus 
rendering  it  practically  impossible  to  bum  them  until  broken  up,  and 
impossible  to  pass  them  through  the  grates.  A  precisely  similar  result 
attends  insufficient  draft  in  certain  localities  of  the  burner,  particularly 
in  burners  of  lat^e  size.  In  this  case  the  high  temperature  results  not 
from  too  rapid  combustion  but  from  too  small  an  excess  of  air  to  carry 
away  the  producta  of  (^ombustion  as  well  as  the  excess  of  heat  at  surround- 
ing points.  The  temperature  theoretically  obtainable  by  combustion 
of  pyrites  exceeds  1000°  C,  which  is  considerably  in  excess  of  that 
required  to  flux  any  of  the  usual  grades  of  pyrites.  The  entire  secret 
of  success  in  pyrites  burning,  lies  in  proper  r^ulation  of  charge  and 
draft  to  suit  the  other  fixed  conditions  of  design  of  burner  and  character 
of  ore  supplied.  Fortunately  one  excellent  guide  is  always  available, 
the  analysis  of  the  gases  produced  by  the  burners.  This  analysis  should, 
when  everything  is  running  properly,  be  made  at  least  twice  a  day  while, 
if  difficulties  are  beii^  incurred  with  the  burners,  it  is  well  to  make  such 
analyses  hourly.  With  so  many  variable  factors  to  consider  it  will  perhaps 
simplify  matters  (after  makii^  the  setting  tight)  to  fix  the  draft  at  such  a 
point  that  the  analysis  of  the  gases  shall  lie  between  5  and  8  per  cent  SO2, 
and  should  the  burners  then  be  too  hot,  carry  a  shallow  bed  of  fuel.  This 
is  secured  when  already  operating  by  omitting  or  greatly  reducing  a  few 
charges  without  proportionately  decreasing  the  amount  of  cinder  shaken 
down,  until  hot  cinder  appears,  after  which  the  amount  of  cinder  shaken 
can  be  reduced  to  equality  with  the  smaller  charge.  Both  draft  and  charge 
should  then  be  increased  gradually  until  the  capacity  of  the  burner  is 
obtained.  Herein  lies  the  value  of  being  able  to  determine  what  percentage 
of  sulphur  may  reasonably  be  expected  as  inevitable  in  the  cinder  from  a 

'  Numerous  Becondary  reactions  occur,  such  bb  direct  oxid&titm  of  FeS,  CuS,  ZnS, 
etc.,  to  sulphates,  followed  in  the  case  of  iron  by  decompoeition  into  FeO  and  2SOj, 
when  the  temperature  reaches  approxiniat«Ly  550°  C.  Similar  reactions  occur  with 
copper,  but  at  a  hif^er  temperature.  With  zinc  it  is  necessary  to  raise  the  tempera- 
ture to  a  bright  white  heat.  Hence  the  sulphates  once  formed  in  the  burners  cannot 
be  decomposed  without  danger  of  melting  the  pyrites. 
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given  ore,  and  the  necessity  of  daily  or  at  least  semi-weekly  determination 
of  sulphur  in  the  cinder. 

All  work  that  it  is  necessary  to  do  with  the  burners  should  be  done 
aa  rapidly  as  possible,  so  that  doors  may  be  open  the  minimum  time. 
The  successive  rotation  of  the  burners  should  be  as  regular  as  clock  work. 
If  the  nimiber  of  burners  in  a  set  (frequency  of  charging)  is  such  that 
two  burners  are  to  be  charged  at  once  -they  should  always  be  as  nearly 
as  posdble  diagonally  opposed  to  each  other  on  opposite  sides  of  the  set, 
and  the  rotation  should  be  so  arranged  that  the  period  of  greatest  heat 
occurs  in  burners  half  the  length  of  the  burner  set  from  each  other. 
No  red-hot  ore  should  ever  come  through  the  grate  bars;  in  fact,  working 
with  any  vsuai  depth  of  fuel  bed,  the  ore  when  shaken  down  should  be 
fturly  cool.  Proper  burning  of  the  cinder  is  superficially  indicated  by 
lightness,  porosity  of  surface  and  a  clear  red,  brown,  or  black  shade  (accord- 
ing to  the  character  of  ore)  with  little  evidence  of  mottling,  streaking  or 
apparent  hard  spots.  When  broken  the  ore  should  show  no  kernel,  or 
hard  center  but  should  have  substantially  the  same  texture  throughout, 
except  right  at  the  surface  it  is  likely  to  be  more  porous  and  frequently 
ia  checked  by  numerous  cracks. 

Fines  Burners.  The  early  designs  of  narrow  staggered  shelf  burners, 
and  broad  shelf  burners  rabbled  by  hand,  need  hardly  claim  our  attention 
to-day  in  view  of  the  extent  to  which  the  mechanical  furnace  has  been  ' 
dev^oped.  McDougall  Bros,  started  the  development  of  the  circular 
or  rotary  fines  burner  in  the  seventies  in  England  at  about  the  same 
Ume  as  Perret  in  France.  Modifications  were  made  and  patented  from 
time  to  time  by  these  inventors,  by  Mackenzie,  Frascb,  Herreshoff  and 
others.  The  two  latest  and  most  perfect  rotary  patterns  are  the  air- 
cooled  O'Brien  and  the  water-cooled  Wedge  burners.  Even  though  the 
former  is  almost  a  toy  compared  ^tb  the  latter  it  fills  its  place  in  smaller 
works,  burning  5  to  15  tons  a  day.  The  best  running  capacity  of 
the  O'Brien  on  high  grade  ore  smaller  than  j  in.  is  about  6000  to  7000 
lbs.  per  day.  The  same  furnace  can  properly  bum  9000  or  even  10,000 
lbs.,  but  repairs  become  excessive.  Wedge  furnaces  range  from  12  to 
32  ft.  in  diameter,  with  6  to  7  hearths.  The  21^  ft.  furnace  has  a  capacity 
of  28,000  to  48,000  lbs.,  and  weighs  about  304  tons. 

The  O'Brien  Burner.  Fig,  77  shows  the  O'Brien  burner,  the  mechanical 
features  of  which  need  little  explanation.  The  central  shaft  A  is  cooled 
l^  the  vertical  current  of  air  passing  up  through  it.  The  arms  B  are 
likewise  hollow  and  subdivided  lengthwise  nearly  to  the  outer  end  in  such 
a  manner  that  a  portion  of  the  current  of  air  is  drawn  out  sidewioe  through 
one  side  and  back  agun  to  the  hub  by  the  draft  of  the  central  shaft  act- 
ing as  a  stack.  The  arms  are  secured  by  hubs  C  tightly  fitting  into  the 
centr^  shaft.  The  inner  end  of  the  arm  tapers,  is  inserted  with  the 
blades  D  turned  ddewise  and  locks  with  a  quarter  turn  on  its  own  axis 
in  the  direction  which  the  drag  of  the  ore  on  the  blades  along  its  bottom 
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tends  to  continue.  Thus  the  action  of  rotation  around  the  central  abaft 
t«nds  to  Lock  the  anns  more  firmly  into  the  bubs,  at  the  same  time  they 
can  be  turned  up  in  the  opposite  direc- 
tion by  a  special  tool,  removed  and 
replaced  in  a  few  minutes.  The  rab- 
.  ble  blades  are  cast  as  part  of  the  arm, 
and  given  an  angular  position.  They 
are  carried  around  the  central  shaft, 
slowly  moving  the  ore  outward  or  in- 
ward on  the  alternate  shelves.  The 
shelves  raked  inward  have  an  opening 
E  around  the  central  shaft  through 
which  the  gas  passes  up  and  the  ore 
falls  down.  The  alternate  shelves  have 
openings  Fat  the  periphery  for  the  same 
purpose.  A  screw  feed  from  the  hop- 
per G  gives  an  excellently  regulated 
supply  of  ore  and  the  cinder  passes  out 
°'  throi^  the  bottom  chutes  H  that  sup- 

I^y  a  portion  of  the  air  for  burning.  Two  doors  /  are  provided  to  each 
shelf  for  removal  of  arms  and  have  wheeled  draft  openings  J  that  serve 
also  as  peep-holes  for  observing  teir  peratures.  Access  to  these  peep-holes 
and  to  the  top  of  the  burner  is  provided  by  iron-side  ladders,  and  a 
movable  workii^  platfonn  of  wood  serves  when  removing  the  rake  arms. 
The  hot  air  from  the  burner  shell  and  the  central  shaft  are  profitably  used 
in  thoroughly  drying  the  ore.  Rotation  is  imparted  to  the  shaft  A  by 
a  very  cheap  and  simple  gear  which  is  nearly  the  whole  diameter  of  the 
burner  and  is  made  by  bolting  segmental  sheets  L  of  ft  in.  steel  to  a  flai^ 
M  on  the  lower  end  of  the  shaft,  uniting  the  periphery  of  the  circular 
plate  thus  formed  with  cheap  cast-iron  sections  of  curved  racks  N  which 
in  turn  rest  upon  small  pinions  0.  If  anything  catches  inside  the 
burner  the  weight  of  the  rack  becomes  insufficient  to  keep  the  gears  meshed 
and  the  racks  jump  without  breaking  or  injury,  only  maMng  enough 
noise  to  call  attention  quickly  to  the  trouble.  A  vertical  cbfun  drive  P 
actuates  the  large  sprocket  on  the  screw  shaft  Q  from  the  main  pinion 
shaft  below. 

The  Wedge  Burner.  The  Wedge  burner,  Fig.  78,  is  naturally  more 
substantial  in  every  respect,  as  required  by  its  heavier  duty.  The  central 
shaft  A  is  targe  enough  to  admit  a  workman,  its  temperature  being  at 
all  times  low  enough  to  permit  his  makii^  any  repfurs  that  may  be  neces- 
sary. Each  arm  B  is  separately  water-cooled  and  strongly  secured  to  the 
shaft  by  a  heavy  breech  block  C,  also  water-cooled,  while  the  rabble  blades 
are  individually  removable  and  replaceable  with  practically  no  intertup- 
tion  of  the  furnace.  The  hearths  are  level  and  have  openings  E  near  the 
shaft  and  F  at  the  outer  edge  for  dropping  ore  and  permitting  the  rise  of 
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gases.     The  entire  top  of  the  burner  G  serves  as  a  combined  feed  hopper 

and   feed   table,   beii^  provided  with  its  own  special  Srms  and  tripper 

rakes  that  swing  back  under  the  ex- 

ceaaive  load  of  deep_  piled  ore,  thus 

regulating  the  feed  at  the  center  even 

if  the  ore  is  piled  high  at  the  sides,  at 

the  same  time  gradually  distributii^ 

such  a  pile  evenly.    The  supply  of  ore 

entering  around  the  shaft  ypnugh  a 

sand-lute  continually  renews  the  lute 

and  further  regulates  the  feed,  cinder 

being  discharged  through  the  chute  H. 

Repair  doore  /,  poke  and  peep-holes  / 

are  likewise  provided.      The  central 

shaft,  all  arms  and  moving  parts  are 

supported  on  the  gear  M,  by  means  of 

the  four  roller  bearings  N,  traveling 

on  the  smooth  outer  face  of  the  gear, 

the  hole  being  merely  centered  by  the  ^     _ 

bottom  pin   P  ^ving  a  ngid   central 

shaft  with  no  "  steppe  "  or  base  block,  practically  without  wear,  friction 

being  almost  wholly  rolling.    Obviously  the  feed  is  here  strictly  dependent 

on  the  operation  of  the  rake  arms  and  over  feeding  or  clogging  is  almost 

impossible,  as  is  also  the  fulure  of  the  water-cooled  arms.     Nevertheless 

the  driving  pinion  0  is  actuated  by  a  shear  pin  in  the  hub  of  this  pinion 

that  cuts  off  if  any  serious  obstruction  takes  place  in  the  furnace. 

For  the  burning  of  special  ore,  zinc  blend,  etc.,  particular  types  of 
furnaces  have  been  devised,  but  it  is  not  within  the  province  or  space 
allotted  for  this  work  to  consider  theiQ.in  detail.'  Other  .types  of  fines 
burners  are  built  on  the  drag  conveyor  princif^e  or  reciprocating  rake 
principle,  but  are  less  used  than  the  rotary  furnace  and  less  practical 
for  most  purposes. 

Operation  of  Fines  Burners.  Mechanically  the  operation  is  extremely 
simple,  consisting  of  feeding  substantially  equal  quantities  of  ore  in 
equal  periods  of  time  by  means  of  a  ram,  screw,  rake,  or  suuilar  device. 
The  r^ularity  of  the  feed  is  of  great  importance  so  that  conditions  effect- 
ing it,  i.e.,  speed  of  shafting,  etc.,  should  be  properly  controlled.  Nearly 
all  types  of  burners  make  the  feeding  device  subsidiary  to  the  rotating 
mechanism,  stopping  the  feed  in  case  for  any  reason  the  rotation  ceases. 
This  is  most  perfectly  doae  in  the  Wedge  furnace.  The  skipping  of  the 
O'Brien  only  calls  attention  to  the  trouble.  While  it  is  obviously 
necesBBiy  to  prevent  the  clt^^ng  up  of  the  burner,  it  is  not  by  any  means 
the  only  requirement.    A  10  per  cent  variation  in  the  speed  of  shafting 

>A  tnunber  of  devices  for  Qua  purpoae  are  indicated  in  Lunge's  "Sulphuric  Add 
aad  Alkali,"  and  in  the  ^lecial  books  on  metallurgy. 
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either  reduces  the  capacity  of  the  burners  or  results  in  uncOnsumed 
Bulphur.  For  most  acid  making  purposes  the  Mr  enters  cold  partly 
through  adjustable  openings  in  the  doors  and  partly  through  draft  open- 
ings  in  the  bottom,  gases  increase  both  in  richness  and  temperature  in 
paasii^  up  through  the  burners,  taking  a  long  alternating  course  from  the 
center  to  the  periphery  and  back  again  for  each  pair  of  shelves.  The 
rotating  mechaiusm  carries  the  stirrers,  scrapers,  shoes,  ploi^lis  or 
rakes,  as  they  are  variously  called,'  set  at  an  angle  alternately  pointing 
inward  and  outward,  so  that  while  the  gg^ral  movement  of  the  ore  is 
circular  on  each  shelf,  it  is  also  spiral  to^u^  or  away  from  the  center.  ' 
Also  it  is  turned  or  rolled  upon  itself  m  such  a  manner  as  to  expose  all 
portions  of  the  ore,  and  being  finely  divided  the  best  possible  access  of 
oxygen  to  the  unconsumed  sulphur  is  permitted. 

Startiiig  the  Furnace.  Starting  of  the  furnaces  is  carried  out  in 
much  the  same  way  with  lump  or  fines  burners.  When  new  they  should 
be  dried  out  slowly  with  small  wood  fires  and  a  good  supply  of  air,  but 
mth  no  violent  draft.  This  requires  from  two  to  four  weeks.  The 
fires  are  then  rebuilt  on  a  cmder  bed  and  forced  steadily  until  the  burner 
becomes  red  hot.  The  burner  is  then  quickly  cleared  of  laige  pieces 
of  wood  and  the  supply  of  ore  started.  Suspension  of  cqieration  or  hold- 
overs cannot  be  much  prolonged  with  the  smaller  burners  unless  special 
precaution  has  been  taken  to  jacket  them  against  heat  losses  and  provide 
most  carefully  against  the  leakage  through  doors.  If  this  ia  done  the  fines 
burners  hold  over  quite  satisfactorily  from  two  to  five  days  according  to 
size;  lump  burners  hold  over  longer.  Minor  repairs  to  the  burners 
require  no  hold-over,  but  should  repurs  to  an  arch  be  necessary,  it  is 
apt  to  necessitate  a  complete  shut-down  and  overhauling  of  the  burner 
for  which  no  period  of  hold-over  would  sufiice  and  for  which  any  con- 
siderable hea^in  the  burner  would  make  working  impossible.  The  special 
tools  furnished  each  type  of  burner  require  no  particular  description  as 
their  uses  will  be  specific  to  the  type  of  burner  and  almost  obvious  from 
their  mechanical  construction. 

Regulation  of  Furnaces.  Certain  general  instructions  may  be  ^ven 
for  regulation  of  fines  burners.  The  distribution  of  temperatures  from 
shelf  to  shelf  is  regulated  by  increasing  the  draft  to  rai^  the  heat  zone 
or  by  decreatiiug  the  charge  when  the  lower  shelf  becomes  too  hot  with 
the  central  hot  zone  too  low.  Sulphiding  of  rabble  blades  indicates  too 
little  draft  or  too  rapid  charging.  The  O'Brien  burners  are  apt  to  show 
slightly  decreased  capacity  in  hot  (summer)  weather,  less  noticeable  in 
the  larger  burners.  Wedge  burners  can  be  operated  on  pretty  wet 
(almost  sloppy)  ore,  but  the  O'Brien  burners  do  not  give  their  capacity 
unless  ore  is  fairly  dry — the  drier  the  better.  Very  wet  ore  afTects  the 
Wedge  capacity  somewhat,  but  very  much  less  because  of  the  large  hopper 
area  of  the  top  and  the  drying  action  that  takes  place  there.  One  great 
advantage  presented  by  the  large  burners  with  their  enormously  long 
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travel  of  ore  is  the  coDversion  of  SO2  to  SO3  by  the  partly  burned  ore 
itself.  As  much  as  10  to  15  per  cent  of  the  SO2  may  be  so  converted  with 
a  consequent  increase  of  chamber  capacity  and  greatly  improved  action 
of  the  Glovtr  tower.    Great  care  should  be  taken  not  to  overload. 

Dust  Prevention  and  Collection.  As  has  been  stated,  the  use  of 
fines  burners  is  advantageous  in  most  re3i>ects.  Proper  design  and  selec- 
tion can  overcome  all  serious 
objection  to  repairs.  But 
the  quantities  of  dust  usually 
carried  over  into  the  Glover 
are  objectionable.  Little 
<  attention  has  hitherto  been 

given  to  its  prevention,  but 
much  to  its  collection.  With- 
out considerable  expense  for 
operating  fans,  comply 
purification  of  hot  burner 
gases  from  dast  may  as  yet 
be  regarded  as  practically 


Water-cooled  Flues.  Of 
Fia.  79.  the    older    styles   of    dust 

separators  Fig.  79  shows 
a  water-cooled  flue,  in  which  the  velocity  and  temperature  of  the 
gases  were  reduced,  thus  depositing  the  dust.  In  these  enlargements 
the  gases  were  supposed  to  come  nearly  to  rest  and  lose  the  velocity 
which  enabled  them  to  carry  the  particles  of  dust  along.  They  were 
found  to  be  only  moderately  successful. 

BafSe  Plate  Separatws.  Baffle  walls  or  plates  were  then  intro- 
duced, Fig.  80,  and  found  to  give  much  better  results  on  very  fine  dust. 
Unfortunately  their  introduction  subdivided  the  settling  space  and 
increased  the  velocity  of  the  gas  currents  again.  Numerous  vertical 
partitions  or  curtains  parallel  to  the  direction  of  the  gases.  Fig.  81,  with 
dampers  for  alternately  shutting  off  one  side  while  cleaning,  also  gave 
good  results,  but  were  by  no  means  satisfactory.  The  material  had  to 
settle  too  far  and  vertical  currents  circulated  within  the  divisions,  owit^ 
to  differences  of  temperature  of  the  sides  or  top  and  the  lx>ttom. 

Centrifugal  Separators.  A.  P.  O'Brien  {"  Mineral  Industry,"  Vol.  9, 
p.  632)  introduced  a  centrifugal  dust  separator.  Fig.  82,  entirely  fca-slble 
wherever  a  fan  is  used  and  giving  excellent  results  for  all  larger  sized  dust. 
He  adapted  it  to  serve  also  as  a  niter  oven,  by  introducing  through  the 
conical  body  A  cast-iron  pots  B  that  were  hardly  calculated,  however,  to 
improve  the  centrifugal  action.  The  pots  can  be  conveniently  charged 
from  the  top  and  emptied  from  the  bottom.  Dust  is  dischai^^  from 
the   apex    of    the    conical   bottom  without  interrupting  the  operation. 
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Only    about    75    per   cent  of   the   dust   from   fines  burners  was  recov- 
ered. 

Modem  Separators.  Early  in  the  efforts  to 
purify  gases  for  the  contact  system  it  was  ob- 
served by  workers  here  and  in  Europe  that 
burner  gas  drawn  tfarou^  a  1-ia.  pipe  into  the 
laboratory  showed    practically  no  coots 
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Fig.  81. 


Fig.  82. 


tion  of  the  contact  mass.  As  will  be  seen  lat«r,  this  means  a  degree 
of  purity  which  is  ahnost  absolute  freedom  from  suspended  matter. 
Th^  peculiar  method  of  purifying  gases  by  slow  flow  through  pipes 
of  small  diameter  was  pointed  out  by  Knietech  in  1900  in  his  account 
of  the  preliminary  work  of  the  Badische  Analin  imd  Soda  Fabrik. 
Seeking,  however,  to  avoid  the  multiplicity  of  email  pipes  that  would 
be  required  by  this  method,  Henry  Howard,  U.  S,  Patents  Nos.  970,053 
and  896,111  pi^vides  what  has  proven  to  be  one  of  the  best  dust  col- 
lectors yet  devi&ed'.  It  consists  of  a  series  of  horizontal  parallel 
shelves  an  inch  or  so  apart,  across  which  the  gases  pass  in  a  slow  strewn, 
from  a  general  inlet  chamber  to  a  general  outlet  chamber.  The  results 
obtained  are  truly  astonishing,  even  dust  ordinarily  r^arded  as  impalpable 
being  largely  retained.  No  attempt  has  been  made  in  the  patent  to 
cover  the  process  of  purification  by  passage  through  small  tubes,  and  it 
is  doubtful  if  this  process  would  be  patentable  in  view  of  the  publication 
of  Kuietsch's  results  ten  years  ago.  Some  results  obtained  on  a  small 
scale  indicate  that  the  tubular  form  is  an  even  more  efficient  purifier 
than  the  shelf,  although  of  course  the  space  occupied  in  the  plant  is  not 
so  efficiently  used.  Nevertheless  it  is  apparent  that  a  highly  efficient 
dust  collector  could  be  so  constructed. 
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Likewise  in  contact  process  work  it  was  observed  that  gases  could 
be  purified  to  a  surprising  d^ree  by  "  filtration  "  through  layers  of  small 
coke  lumps,  cinder  from  the  burners,  etc.  Duat  catchers  which  con- 
sisted in  filtering  the  gases  through  cinder  were  at  first  quite  unsatis- 
factory, because  the  cinder  used  was  itself  a  great  source  of  dust  and 
no  provision  was  made  for  interrupting  or  alternating  the  gas  currente 
while  shaking  out  the  lower  layers  that  became  cloggedvith  dust. 
The  inventor  of  the  Wedge  burner  has,  however,  met  these  objections 
and  given  us  a  dust  collector  free  from  these  criticisms.  On  inclined 
grates  are  supported  sets  of  filters  consisting  of  beds  of  marbles  J  in. 
in  diameter  and  from  2  to  4  ft.  deep.  These  make  an  extremely 
complete  dust  separation,  much  more  so  than  irregularly  shaped  lumps 
and  carry  the  collected  material  down  with  them. 

Chamber  Plant  The  clearest  understanding  of  the  chamber  plant 
will  be  obtained  by  first  describing  the  general  method  of  carrying  out 
the  process  and  then  indicating  modifications  at  one  point  or  another 
with  the  changes  in  form  of  apparatus  involved. 

The  sulphur  gasee  obtained  are  constituted  as  follows:^ 
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The  dust  having  been  separated  the  hot  gases  enter  at  the  bottom 
of  the  Glover  tower  (3),  Fig.  83,  and  pass  upward  through  packmg  or 
fillii^  occupying  the  interior 
of  this  tower.  Here  they 
meet  a  down-flowing  stream 
of  aqueous  sidphuric  acid, 
evaporate  the  water  from 
this  aqueous  acid  and  give 
up  part  of  their  heat  in  the 
process,  at  the  same  time 
supi^ying  a  portion  of  the 
steam  required  for  the  first 
stagea  of  the  reaction  in  the 
chamber  proper.  Higher 
up  in  the  Glover  tower  this 
moisture  and  heat  perform  a  further  function  in  that  they  help  to  drive 
out  the  lower  oxides  of  nitrogen  from  the  "  nitrous  vitriol  "  fed  into  the 
top  of  the  Glover  tower  along  with  the  aqueous  acid. 

Near  the  top  of  the  Glbver  is  a  favorite  place  for  locating  a  fan  (4) 


Fio.  83. 


>  9O3  varying  froin  .2  to  2%  is  here  included  as  SO2  and  O2. 
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if  none  has  preceded  the  Glover  tower.     At  (4)  the  taa  may  blow  hor- 
izontally, or  vertically  downward  into  the  chambers. 

It  is  customary  to  make  the  first  chamber  (5)  fairly  large,  as  the  gases 
are  at  first  converted  rapidly.  Removal  of  the  end  products  by  cooling 
and  thorough  mixing  to  facUitate  further  conversion  becomes  necessary. 
The  addition  of  water  in  some  form  to  take  part  in  this  further  conversion 
does  not  ailse  until  equilibrium  is  approached  and  the  conversion  begins 
to  slow  down.  At  this  earlie^  stage  in  the  process  the  corrosive  action 
of  the  gases  is  greatest  and  it  is  not  desirable  to  expose  too  great  a  surface 
to  deterioration.  The  gases  are  generally,  therefore,  introduced  into  the 
large  chamber  (5)  wherein  approximately  one  third  of  the  conversion  is 
expected  to  take  place.  Some  heat  is  removed  by  conduction  and  radiation 
from  the  walls  and  ceiling,  condensation  occurs  on  both  these  surfaces  and 
to  some  extent  incipient  condensation  in  the  mass  of  the  gas,  owing  to  the 
formation  of  acid  of  a  strength  which  is  not  volatile,  which  therefore  tends 
to  precipitate  in  mist  or  rain,  so  that  in  the  later  part  of  their  passage 
throt^  a  large  first  chamber  the  gases  require  more  moisture  either  aa 
eteam  or  spray.  Personally  the  writer  doubts  the  relative  value  of  very 
large  firet  chambers.^  From  the  first  chamber,  in  which  approximately 
one-third  of  the  acid  is  usually  produced,  the  gases  pass  to  other 
chambers  (7)  and  (9)  and  towers  (G),  (8),  (10)  which  may  be  empty 
or  may  be  provided  with  suitable  packing  or  with  perforated  plates 
designed  to  promote  the  mixture  of  gases  and  moisten  them  by  supply- 
ing acid  or  water  at  the  top  of  the  tower.  The  use  of  cold  liquid 
sprayed  into  chambers  or  fed  to  intermediate  towers  (6),  (8),  (10)  greatly 
increases  the  ability  to  remove  heat  from  the  gases  and  makes  up  for  the 
absence  of  conducting  and  radiating  surfaces  lacking  in  the  larger  sized 
chambers,  or  shut  off  by  acid-proof  lining  of  the  towers.     Large  empty 

'Ten  yean  ago  Iiunge  prophesied  that  towers  would  largely,  if  not  wholly,  replace 
chambera,  and  in  the  last  three  yeara  the  first  "  chamber"  systeme  without  cbambere 
have  been  Buccessfully  operated.  The  Opl  system,  originally  introduced  at  Hriiechau, 
Austria,  showed  that  a  lower  coel  of  installatioD  (j)  or  a  larger  capacity  (i)  were  to  be 
obtained,  that  much  less  ground  space  was  required  and  all  acid  produced  as  60°  B£., 
in  addition  (a  which  it  appears  as  though  the  tower  plant  would  be  easier  to  Bupervise. 

The  typical  plant  to  make  about  20  tons  60°  per  day  would  consist  of  six  (possibly 
eight)  towers,  10  feet  square  find  40  feet  hJKh,  connected  in  series  top  to  bottom  and  each 
provided  with  distributors,  all  filled  with  packing,  and  finally  of  a  fan  and  filter-box.  The 
first  three  towers  operate  like  Glovers,  the  Ust  half  more  like  Gay-Lussacs,  e.g.,  acid 
rich  in  nitrous  vitriol  from  the  last  (No.  6)  is  run  down  the  first  lower,  that  from  No. 
5  down  No.  2,  and  that  from  No.  4  down  No.  3.  Nitric  acid  is  added  on  No.  2  and 
water  on  Nos.  2,  3  and  4.  About  4  k.w.  are  required  for  the  fan,  the  consufnipton  of 
niter  is  given  ak  362  pounds  36°  or  0.46  per  cent,  that  of  air  as  140,000  cubic  feet  of  60 
pound  air,  and  of  cooling  wal«r  70tM  cubic  feet  of  cooling  water.   (1918)  Nogreatprogrefa 

Another  satisfactory  plant  seems  to  have  been  operating  in  England  for  more  than 
a  year,  but  what  resultfl  can  be  secured  in  various  strange  hands,  and  how  the  repair 
costs  will  be  affected  by  the  strenuous  tower  conditions,  remain  to  be  seen. 

'  Where  one  tower  alone  is  used  it  is  general!}'  filled  with  coke,  specially  made 
acid-proof  stoneware  shapes,  or  pumice  stone. 
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chambers  are  more  commonly  used,  or  targe  chambers  without  packijig, 
but  alternated  with  high  narrow  chambers  packed  either  with  the  Lunge- 
Kohrmann  )  lates,  or  with  some  arrangement  of  bricks  or  tiles  found  to 
be  cheaper.    The  purpose  of  any  ^)ecial  arrangement  is: 

1.  To  promote  the  mixture  of  the  gases. 

2.  To  expose  the  largest  possible  surface  of  liquid  to  the  gases. 

3.  To  vary  the  temperature  of  the  liquid  surfaces  as  frequently  and 
widely  as  possible. 

4.  To  provide  sufficient  space  (time)  for  practically  completing  the 
conversion  of  the  SOa  to  H2SO4,  under  the  conditions  to  which  the  par- 
ticular design  subjects  it. 

These  chambers  are  followed  by  a  cooling  device  consisting  of  either 
unpacked  towers  (11)  or  of  a  long  flue  connectii^  the  chief  reaction  space 
with  the  apparatus  for  recovering  the  lower  oxides  of  nitrogen  after  they 
have  performed  their  function  in  uniting  the  SO2,  0,  and  HaO  to  form 
H2SO4.  Between  the  last  chamber  and  the  final  (Gay-Lussac)  towers 
is  another  preferred  location  for  a  fan  (12)  when  used  to  furnish  draft 
for  the  sy.-tem.  This  absorbing  apparatus  (Gay-Lussac  tower)  (13)  ia 
frequently  duplicated  by  a  second  Gay-Lassa^  (14)  to  insure  cwnpletn 
recovery  of  the  lower  oxides. 

f^m  the  Gay-LuBsac  the  gases  now  almost  completely  purified  from 
both  SO2  and  oxides  of  nitrogen  are  finally  discarded  through  the  stack. 
A  fan  is  sometimes  used  here.  If  mechanical  draft  (a  fan)  has  not  been 
introduced  somewhere  along  the  line  it  is  customary  to  introduce  either  a 
steam  jet  or  a  damper  in  the  stack  for  regulation  of  draft.  It  is  always 
Ifest  to  provide  both. 

Having  followed  the  passage  of  the  gas,  the  equally  important  move- 
ment of  the  liquids  should  be  considered.  Sulphuric  acid  is  formed  in 
the  last  chamber  by  the  bringing  tc^ther  of  SO2,  0  and  H3O  by  means 
of  the  oxides  of  nitrogen.  It  is  precipitated  upon  the  walls  and  collects 
on  the  floor  of  the  chamber,  being  the  weakest  (48°  to  50°)  and  purest  acid 
made  in  the  system.  From  here  it  is  sometimes  taken  directly  for  separate 
concentration  when  a  purer  acid  than  ordinary  chamber  acid  is  required. 
Generally  it  flows  forward  into  the  next  chamber  where  it  is  slightly 
strengthened  by  the  stronger  acid  made  in  the  warmer  chamber,  but  it  ia 
also  slightly  contaminated  by  the  greater  quantity  of  dust  settling  there, 
the  greater  action  on  the  lead  walls  and  the  greater  amount  of  AsjOs, 
etc.,  in  the  gas.  And  so  on  down  the  series  of  chambers  until  it  reaches 
52-54°.  Thence  it  may  be  partly  withdrawn  for  use  and  sale  or  for 
separate  concentration,  or  taken  to  the  ston^e  tank  (15).  Most,  if  not 
all,  of  this  acid  may  be  elevated  from  the  tank  to  the  top  of  the  Glover 
tower  (3)  and  mixed  with  "  nitrous  vitriol  "  or  run  in  through  the  sealed 
openii^  to  mbc  with  "  nitrous  vitriol "  in  the  upper  sone  of  the  tower. 
At  first  it  19  concentrated  by  mixing  with  the  nitrous  vitriol  and  then 
diluted  from  the  steam  condensed  by  the  two  cold  acids.     It  also  loses  by 
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conversion  any  excess  of  oxides  of  nitrogen  or  SO3  it  contained,  and  lielps 
to  liberate  the  lower  oxides  from  their  solution  in  the  60°  "  nitrous 
vitriol."  Meetiug  the  SOa  of  the  burner  gases  the  nitric  and  nitroeryl 
sulphuric  are  decomposed  and  the  resulting  oxides  of  nitrogen  carried 
along  by  the  burner  gases.  As  it  trickles  down  the  acid  is  further  heated 
by  the  hot  gases  and  soon  begins  to  lose  water  rapidly  and  becomes  con- 
centrated, flowing  from  the  bottom  of  the  tower  into  coolers  (16)  with 
strength  of  between  59  and  61"  B6.  This  is  the  "  Glover  tower  acid  " 
containing  most  of  the  arsenic  and  dust  from  the  ore  that  b  not  held  back 
by  the  dust  catching  devices  (1).  It  generally  contains  a  little  SO2  and 
is  nearly  free  from  oxid^  of  nitrogen  though  quite  capable  of  dissolving 
them  readily  when  cold.  A  portion  of  this  strong  acid  is  elevated  to  the 
top  of  the  Gay-Lussac  tower  (14)  where  it  trickles  down  against  the  out- 
goii^  gases,  thus  dissolving  and  recovering  the  final  portions  of  the  nitrous 
gases  not  absorbed  in  the  preliminary  Gay-Lussac  (13).  *From  the 
bottom  of  the  Gay-Lussac  tower  the  acid  flows  to  a  storage  tank  (18). 
The  excess  of  this  circulating  acid  formed  by  the  continual  addition  of 
weaker  nitrous  vitriol  from  (14)  is  the  strong  nitrous  vitriol  that  goes  to 
the  top  of  the  Glover  (3)  and  returns  the  recovered  nitrous  gases  to  the 
cycle  of  the  process. 

Reactions  in  the  Gbver  Tower.  The  gases  as  they  come  from  the 
burners  usually  contain  from  6  to  8  per  cent  SO2,  0.5  to  1.5  per  cent  SO3, 
8  to  12  per  cent  O2,  a  little  H2O,  some  duat  and  nitrogen  and  are  hot. 
With  lai^  dust  chambers  their  temperature  may  be  as  low  as  150  to  200''C. 
The  hotter  the  better,  however,  for  the  work  the  Glover  has  to  do.  The 
reactions  liberate  much  steam  so  that  about  half  the  moisture  required 
for  the  chamber  process  is  carried  along  with  the  lower  oxides  of  nitrogen 
and  SO2  into  the  chamber.  If  the  acid  is  diluted  to  about  5S°  B^.  (74.35 
per  cent)  nearly  all  niter  is  liberated,  at  which  SOa  greatly  assists  in 
acting  on  the  niter  itself.  It  is  customary,  therefore,  to  feed  the  top  of  the 
Glover  with  cold  60°  (77.67  per  cent)  acid  used  at  the  end  of  the  process 
(Gay-Lussac  tower)  for  recovering  the  lower  oxides  of  nitrogen,  and  also 
with  water  or  chamber  acid,  preferably  the  latter,  because  the  mixture 
can  be  more  readily  made  outside  the  Glover  with  less  heating  and  without 
evolution  of  nitrous  fumes  and  because  the  chamber  acid  is  thereby 
concentrated  in  the  Glover  instead  of  so  much  useless  water  being  intro- 
duced into  the  system  where  it  is  not  needed.  This  strong  "  nitrous 
vitriol  "  and  the  weak  acid  are  often  separately  fed  into  the  top  of  the 
Glover  tower  (3)  through  properly  trapped  holes,  but  are  often  mixed 
outside  or  just  as  they  flow  in.  The  cold  acid  condenses  and  absorbs 
steam  rising  from  the  lower  part  of  the  Glover  and  the  packing  of  the 
tower  should  be  of  a  character  to  facilitate  their  mixture  and  the  heatii^ 
of  the  liquid,  but  not  to  facilitate  it  too  soon.  The  liberation  of  these 
lower  oxides  in  the  Glover  tower  along  with  the  moisture,  gives  us  imme- 
diately the  conditions  requisite  for  the  formation  of  sulphuric  acid  and, 
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iQ  a  well  operated  and  designed  tower,  there  is  accomplished  here  nearly 
20  per  cent  of  the  total  fonnaticm  of  acid  of  the  chamber  plant.  To 
secure  this  and  at  the  same  time  to  secure  freedom  of  the  acid  at  the 
bottom  of  the  tower  from  the  oxides  of  nitrogen,  several  conditions  are 
requisite. 

First,  the  mixture  of  strong  and  weak  acid  should  be  equ^  and 
thorough. 

Second,  this  mixture  should  penetrate  to  some  degree  below  the  top 
of  the  tower  before  being  subjected  to  too  much  heat. 

Third,  sufficient  heat  (120°  F.)  should  then  be  applied  to  insure  the 
r^id  evolution  of  lower  oxides  of  nitrogen  in  the  presence  of  SO3  and 
ample  moisture  before  the  liquid  has  penetrated  too  far  down  the  tower. 
It  is  not  rational,  to  use  the  same  material  for  the  entire  filling  of  the 
Glover  tower.  Three  distinct  operations  are  to  be  carried  out  therein. 
At  the  'top  of  the  tower  the  nitrosyl  sulphuric  acid  from  the  Gay- 
Lussac  and  weaker  acid  from  the  chambers  is  to  be  mixed  together 
with  any  nitric  acid  that  may  be  used  for  maintaining  niter  content  of 
the  system.  Just  below  this  mixing  zone  should  occur  the  zone  of  heating 
and  reaction,  the  reaction  extending  back  up  through  the  mixing  zone 
and  into  the  chambers.  Next  we  have  the  zone  of  combined  concentra- 
tion and  denitration  in  which  the  latter  predommates.  Up  to  a  stretch 
of  approximately  59°  B6.  sulphuric  acid  can  be  denitrated  by  hot 
sulphurous  acid  gas,  but  unless  the  acid  is  somewhat  weaker,  the  reaction 
is  not  complete  even  in  the  presence  of'  considerable  water  vapor  from 
the  concentration  going  on  -in  the  bottom  of  the  tower.  It  is,  therefore, 
desirable  to  have  the  acid  reach  the  zone  of  final  denitration  not  stronger 
than  58°  B£.  The  nitrogen  compound  most  permanently  resisting  the 
separation  from  the  sulphuric  is  the  nitrosyl  sulphuric  acid.  The  dis- 
solved gases  are  removed  very  much  higher  up.  The  reaction  by  which 
the  last  traces  of  nitrosyl  sulphuric  acid  are  removed  is  probably  as 
follows; 

2N03HOS03+S02+2H30  =  3H2SO*+2NO 

This  NO  together  with  the  renaaining  water  from  the  concentration 
below  proceeds  on  up  the  tower  and  is  quite  capable  of  reacting  under  the 
existing  conditions  for  a  further  formation  of  the  nitrosyl  sulphuric  acid, 
or  of  sulphuric  acid  direct.  The  oxidation  of  NO  in  the  presence  of  sul- 
phuric acid  does  not  proceed  to  NaO*  or  HNO3.  Probably  the  NO 
reacts  with  the  sulphuric  as  follows:  2NO+2H2S04+J02  =  2N03HOS02 
-f  H2O  though  under  the  conditions  at  the  tower  portion  of  the  zone  this  re- 
action would  be  slight.  Likewise  2NO+2S02+HaO+li02  =  2N02HOSOa, 
a  reaction  more  likely  to  occur  at  this  point.  Owing  to  the  condition.?  of 
high  temperature  and  ample  humidity,  however,  neither  reaction  is  likely 
to  proceed  at  all  ne^  completion  and  much  NO  will  pass  up  the  tower 
along  with  the  oxygen  and  be  converted  into  NsOg  by  simultaneous 
absorption  in  sulphuric  and  oxidation. 
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Probably  the  reaction 

NaOa+fflaSOi  -  2N02HOSOa+HBO, 

takes  place  in  the  lower  portion  of  this  zone,  and  the  reaction 

N203+2S02+HaO+02  =  2NOaHOSOa, 

somewhat  higher  up.  The  gases  passing  into  the  upper  zone  of  the  Glover 
tower  carry  an  excess  of  moisture  and  are  excellently  equipped  both  by 
moisture  and  temperature  to  work  the  reversible  reaction  NaOi+HaSO* 
^NOsHOSOa+HNOa.  Here  they  likewise  meet  a  liberal  supply  of 
nitrosyl  sulphuric  acid  brought  from  the  Gay-Lussac  towere  mixed  with 
the  weaker  chamber  acid,  which  enables  this  reaction  to  be  more  easily 
reversed.  The  N2O4  resulting  therefrom  is  in  excellent  position,  there- 
tore,  to  act  upon  any  product  in  the  upper  portion  of  the  tower  im- 
mediately upon  its  entrance.  The  nitric  acid  added  for  the  maintenance 
of  the  niter  content  of  the  system  may  well  be  the  subject  of  this 
reaction  for  HNOa+SHaSOi+NsOa^SNOaHOSOa+aHaO.  From  the 
upper  zone  of  the  Glover  tower,  therefore,  the  gases  pass  off  into  the 
chambers  at  a  temperature  of  about  60°  to  90°  C.,  generally  under  nor- 
mal- conditions  about  80°  C,  with  about  15  per  cent  of  their  SO3  con- 
verted, laden  with  moisture  and  also  laden  with  lower  oxides  of  nitrogen.^ 
Below  the  mixing  reacting  and  denitrating  zones  of  the  tower,  begins 
the  upper  portion  of  the  concentration  zone.  Here  the  gases  contain 
so  much  SO2  and  are  sufficiently  hot  and  saturated  with  steam  to  eject 
from  the  down-flowing  liquid  all  traces  of  nitrogen  compounds,  before 
reconcentration  has  progressed  too  far  (58-59°  Bl,)>  which  would  cause 
the  acid  to  retain  oxides  of  nitrogen.  Finally  at  the,  bottom  of  the  tower 
there  should  be  sufficient  zone  of  high  temperature  left  for  the  concentra- 
tion of  all  the  acid  to  60°  B6.,  preferably  a  little  higher.  To  accomplish 
this,  it  is  desirable  to  have  a  form  of  packing  which  shall  not  permit  too 
ready  down-flow  of  the  liquid,  but  shall  retain  it  to  some  extent  so  as  to 
delay  its  passage  Ihrough  the  hot  zone  long  enough  to  permit  its  ample 
heating  and  concentration,  while  at  the  same  time  exposing  suflicient 
surface  of  liquid  to  the  hot  gases  to  assist  in  the  concentrating  action. 
Herein  lies  the  reason  for  conserving  the  heat  by  proper  burner  walls. 
This  packing,  however,  should  be  sufficiently  open  in  its  structure  to 

'  In  looking  over  the  reactions  which  have  occurred  in  the  Glover  tower  it  ia  not 
surprising  that  careful  calculation  indicates  the  ondes  of  nitrogen  to  have  taken  active 
part  in  one  reaction  or  another  approximately  nine  or  ten  tiroes  in  a  manoer  calculated 
to  produce  sulphuric  acid.  Therefore  it  is  again  not  eurprising  that  even  in  the 
relatively  small  space  of  the  Glover  tower,  from  10  to  20  per  cent  of  the  total  sulphuiio 
acid  "make"  of  Ihc  chambers  is  produced,  an  activity  per  cubic  foot  one  hundred  or 
two  hundred  times  as  great  as  in  the  chamber.  Nor  is  it  surprising  that  even  dia- 
tributioQ  of  the  acid,  both  nitric  and  sulphuric,  containing  nitrous  oiddea  must  be 
maintained  at  the  top  of  the  Glover  tower. 
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run  no  risk  of  becoming  blocked  up  by  the  deposition  of  fine  dust  which 
has  succeeded  in  passing  the  dust  chambers.  Ample  dust  recovery  can 
be  made  by  modem  methods  without  reducing  the  gases  below  400°  C, 
since  their  usual  temperature  from  lump  burners  raages  from  500°  to  800°  C. 
and  from  fines  burners  450°  to  600'  C.  It  is  generally  safe  to  rely  on 
gases  being  from  350°  to  450°  C.  as  they  enter  the  Glover,  and  some  sets, 
even  mixed  fines  and  lump  burners,  exceed  this  figure. 

Constructioii  of  tlie  Glover  Tower.  The  tower  (Fig.  84)  must, 
therefore,  be  constructed  to  withstand  the  severest  duty.  The  almost 
universal  practice  is  to  make  it  of 
lead  with  joints  constructed,  as  ate 
the  joints  of  the  chambers,  etc., 
throughout  the  plant,  by  burning  the 
lead  together  (autogenous  soldering). 
For  this  purpo:e  the  lead  (always 
first  scraped  clean  where  it  is  to  be 
burned)  is  lapped,  and  a  small  oxy- 
hydrc^n  or  oxygasolene  flame  di- 
rected simultaneously  against  the 
edge  of  the  outside  sheet  and  a 
"  strip  "  or  stick  of  Ie,ad  held  in  the 
other  hand.  The  lead  of  the  Glover 
is  prot  cted  inside  with  the  utmost 
care  both  fr.m  heat  and  corrcsion.' 

As  the  framework  itself  and  the 
tower  with  its  packing,  top  house 
and  supply  tanks  at  the  top  make 
a  heavy  load,  a  firm  foundation  of 
masonry  becomes  ne&ssary.  The 
foundation,  or  platform,  should  be 

well  pitched,  asphalted  or  preferably  in  the  former  case,  covered  with 
a  thin  layer  of  pitch  and  sulphur  melted  together.  Then  the  whole 
top  should  be  protected  by  the  acid  pan  of  16  lb.  lead.  Wooden  tower 
frames  are  very  common  and  the  sill  may  then  serve  as  the- edge  agmnst 
which  the  drip  acid  pan  is  turned  up  and  over.  Yellow  pitch  pine  should 
be  used  and  the  sills  and  column  feet  may  profitably  be  welt  pitched  in 
setting,  and  dowel  pinned. 

Tl^re  are  two  ways  of  joming  the  sheets  for  sides  or  curtains  of 
a  Glover  tower,  usually  depending  on  whether  the  tower  is  square  or 
circular.  In  the  fonr.er  case  it  is  customary  to  suspend  sheets  from 
the  top  of  the  tower  and  make  the  joints  vertical,  avoiding  the  location 
of  a  joint  close  to  a  comer.     In  the  latter    case    it    is   customary   to 

'  Recently  (1915-1917)  many  towere  have  been  constructed  entirely  of  close-laid 
brick,  but  some  of  these  have  given  serious  trouble.  Undoubtedly  this  conetniction  can 
be  Bucccnftdly  uaed,  but  sttould  be  gu&nnteed  and  most  carefully  inspected. 
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make  hoops  or  belts  slightly  smaller  at  the  bottom  and  to  lap  each 
inside  the  one  below.  Square  towers  are  sometimes  made  in  this  way.  At 
the  top  of  the  tower  the  sides  are  bent  dver  the  strong  frame  which  is 
intended  ultimately  to  support  the  greater  portion  of  the  weight  but  the 
sides  must  also  be  secured  to  the  diagonal  bracing  or  horizontal  cross 
pieces  of  the  tower  frame  by  frequent  straps  to  prevent  their  being  sucked 
in  or  pressed  out  aa  the  draft  may  act  upon  them  and  also  to  take  a 
portion  of  their  weight  from  the  top  of  the  frame.  As  a  rule  the  sides 
are  allowed  to  hang  within  the  upstand  of  the  bottom  dbh  and  it  is  gen- 
erally stated  that  this  is  necessary  in  order,  to  allow  for  expansion  and 
contraction.  The  fallacy  of  this  is  indicated  by  the  fact  that  the  sides  - 
are  attached  rigidly  to  the  heavy  inlet  pipe  for  the  gases  at  the  bottom  of 
the  tower  and  that  no  provision  is  made  for  the  rise  and  fall  of  this  pipe. 

The  inlet  pipe  for  the  gases  presents  great  difficulties  because  of  its 
large  diameter,  the  high  temperature  of  the  gases  and  because  of  the 
necessity  of  making  the  joint  tight  with  the  curtun  instead  of  with  the 
heavier  and  more  rigid  basin.  The  pijre  conveying  the  gases  from  the 
burners  is  almost  universally  made  of  iron.  It  is  preferably  made  about 
12  to  18  ina.  larger  than  the  volume  of  gas  requires  and  is  then  lined 
'with  brick.  At  some  plants  the  connecting  piece  extending  into  the 
tower  is  made  of  volvic  lava,  shaped  to  fit  the  end  of  this  iron  pipe.  The 
Tolvic  lava  pipe  consists  of  an  upper  and  lower  piece  and  extends  clear 
through  the  »de  of  the  Glover  tower  and  its  lining.  A  lead  or 
iron  pipe  is  sometimes  used  to  cover  the  volvic  lava  and  join  with  the 
iron  pipe  from  the  burner.  At  other  plants  a  heavy  piece  of  stoneware 
IB  used  instead  of  the  volvic  lava  and  must  be  similarly  encased.  The 
easier  way  and  one  which  has  proven  entirely  satisfactory  in  many 
installations  b  that  shown  in  Fig.  84,  The  heavy  iron  pipe  which  conveys 
the  burner  gases  to  the  tower  is  often,  and  the  writes  believes  should  always 
be  lined  with  brick,  and  this  brick  lining  is  carried  straight  through  the 
lead  connection  to  the  tower,  through  the  lining  of  the  tower  to  the  inner 
chan.ber,  care  being  used  to  lap  the  brick  joints  of  the  lining  as  tightly 
and  as  far  as  possible.  To  support  this  lining  during  construction  and 
afterwards  to  give  nudity  to  the  connection  with  the  tower  an  unflanged 
piece  of  iron  pipe  is  inserted  as  shown  and  the  flange  of  the  burner  pipe 
is  rabbeted  to  receive  it. 

Tower  Packing.  Until  recently  the  usual  method  of  begiiming  the 
tower  packing  was  to  lay  a  single  layer  of  brick  over  the  entire  floor  of  the 
tower  directly  on  top  of  the  basin.  In  harmony  with  modem  sftps  for 
the  further  protection  of  this  basin,  the  bottom  of  the  tower  is  now  more 
commonly  covered  with  two  or  three  layers,  breaking  joints,  sometimes 
split  brick  being  used  for  the  lower  layers.  For  even  distribution  of  the 
gas  within  the  tower  a  considerable  chamber  must  be  left  at  the  bottom. 
For  this  purpose  and  to  support  the  chief  weight  of  the  packing,  a  heavy 
lining  wall  is  made  up  higher  than  the  top  of  the  inlet  opening.    In  large 
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towBrs  seTeral  piera,  or  perforated  or  arched  walls  are  carried  up  to  the 
same  height,  to  serve  as  supports  for  the  grid.  It  is  customaiy  to  make 
this  lining  from  18  to  24  ins.  thick.  Above  the  top  of  the  inlet  opening 
it  is  then  reduced  in  thickness,  leaving  a  shelf  6  to  9  ins.  around  the  inside 
of  the  tower  level  with  the  tops  of  the  center  piers  or  walls .  In  arranjpng 
these  walls  care  must  be  taken  to  distribute  the  gases  evenly  over  the 
entire  bottom  of  the  tower  and  not  to  obstruct  their  passage.  Resting 
on  these  piers  and  ledges  the  grid  is  then  Itud  in  place.  This  grid  may 
consist  of  de^  narrow  beams  of  volvic  lava  or  of  acid-proof  stoneware. 
It  is  sometimes  made  of  a  series  of  narrow  arches.  The  latter  construc- 
Lion  is  in  more  coEomon  use  abroad  and  the  former  is  believed  to  be  more 
prevalent  in  this  country.  A  second  grid  is  sometimes  Uud  across  the  first 
to  distribute  the  wdght,  or  a  second  set  <^  arches  to  facilitate  cleaning 
out  fiam  below.  The  spaces  between  the  ends  of  the  grid  beams  should 
then  be  filled  up  with  lining  brick  to  prevent  the  grid  pieces  from  falling 
over  sidewise,  likewise  where  the  grids  join  on  a  pier  or  wail.  The  selec- 
tion of  the  brick  or  tile  is  a  matt^  of  great  importance  as  it  is  expensive 
to  repack  a  tower.  Selection  should  be  based  on  actual  experience  with 
the  mat^ial  in  a  Glover  tower,  or  reconuuendation  by  an  expert.  Upon 
this  bridge  bepus  the^actual  packing  of  the  tower  from  the  chemical  or 
reaction  point  of  view.  The  lining  may  con^t  of  large  lumps  of  quarts 
appnudmatdy  8  to  10  in.  in  diameter  at  first,  and  later  of  smaller  sizes. 
Pumice  stone  or  lava  pieces  shaped  to  the  ^des  and  filled  with  graded 
pieces  have  been  used  with  great  success,  ^so  acid-proof  brick.  Ridges 
of  dust,  however,  are  apt  to  form  on  the  fiat  upper  surfaces  of  the  brick 
so  that  they  should  always  be  used  on  edgs.  In  some  cases  the  depoation 
of  flue  dust  is  very  heavy  indeed  and  necessitates  the  opening  of  the 
towers  and  the  washing  down  with  acid,  cleaning  out  at  intervals  every 
one  or  two  years.  Properl/  constructed,  however,  there  is  no  need 
whatever  of  such  frequent  cleaning.  If,  therefore,  bricks  set  on  edge  are 
used  for  the  lowex  portion  of  the  packing  for  the  first  couple  of  feet  they 
should  be  set  apart  as  widely  as  possiUe,  and  it  is  best  to  b^n  the 
packii^  with  spedally  large  tiles.  Where  lumps  of  either  lava  or 
pumice  are  used,  they  should  at  first  be  of  lai^  siie,  12-18  in.,  and  should 
be  carefully  laid  so  as  not  to  obstruct  the  gas  passages  and  so  that  the 
sharper  coTaers  are  upward  to  prevent  the  lodgment  of  dust.  The  pack- 
ing material  of  Niedenfuhi^Lunge  illustrated  in  Fig.  84  has  all  the  advan- 
tages of  the  brick  except  economy.  In  fact,  it  is  better  in  almost  every 
respect  than  the  brick  filling  but  b  probably  too  expensive  for  ordinary 
use.  A  diamond-shaped  brick  set  on  edge  and  with  the  edges  notched 
out  to  rest  down  over  the  bricks  below,  has  been  very  successfully  used 
tor  this  purpose  in  a  number  of  plants.  It  leaves  practically  no  surface 
on  which  dust  can  collect,  as  the  surfaces  have  an  inclination  of  about  60° 
to  the  horizontaL  The  inclined  sides  ot  this  brick  are  slightly  ribbed  in 
atdex  to  produce  resting  places  for  the  acid  and  ragged  edges  over  which 
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the  uprising  currente  can  pass  sharply,  pushing  out  the  liquid  and  expomng 
as  much  surface  as  possible.  One  criticism  to  be  made  of  the  diamond 
Bectioned  brick  is  that  they  do  not  retain  sufficient  quantities  of  acid 
(lack  of  great  porosity)  to  permit  of  a  gradual  surface  concentration  and 
diffu»on  of  the  weaker  acid  and  to  delay  the  passage  of  the  liquid  down 
through  this  section  of  the  tower  by  their  absorptive  or  retaining  qualities, 
In  this  respect  pumice  or  lava  would  be  more  advantageous,  but  the 
surface  exposed  by  the  diainond-«haped  brick  is  many  times  that  which 
could  be  obtfuned  by  the  ordinary  rough  ahapii^  of  lava  blocks  or  lumps 
unless  they  were  specially  dressed  to  about  the  same  shape  and  size  as  the 
rhomboidal  brick.  Like  all  special  packings,  however,  these  rhomboidal 
bricks  are  expfflisive,  bemg  approximately  U  cents  each. 

At  the  top  of  the  tower  the  t^uperature  has  generally  fallen  to  about 
100"  C,  and  it  is  no  longer  necessary  to  protect  the  lead  so  carefully 
.  from  the  action  of  the  gasra.  Nevertheless  it  is  as  well  to  cany  a  porUon 
of  the  thickness  of  the  tower  lining  up  practically  to  l^e  top  of  the  tower; 
4^  in.  or  even  9^  in.  is  desirable,  merely  as  a  general  protection  for  the 
lead  and  as  a  semiporous  surface  for  interaction.  The  actual  top  plate 
or  lute-.plate  of  the  tower  is  not  so  subject  to  heavy  wear  and  tear  because 
it  is  largely  cooled  by  the  incoming  acids  and  being  always  locat«d  some- 
what above  the  outlet  from  the  tower,  is  at  the  top  of  a  dead  space. 

The  top  plate  of  the  tower  is  shown  in  Fig.  84,  in  which  are  small 
depresdons  or  cups  located  all  over  the  top,  arranged  so  as  to  occupy 
little  room  in  order  to  secure  as  many  such  sources  of  supply  as  possible 
with  the  limited  area  of  the  tower  top.  Each  of  these  cups  is,  as  a 
rule,  oval  and  provided  with  a  division  wall  separating  the  oval  into  two 
equal  add-receiving  cups.  At  the  bottom  of  each  of  these  half  cups 
is  a  small  pipe  extending  down  into  the  tower  for  a  few  inches  and  extend- 
ing up  into  the  half  cup  for  from  2  to  5  ins.  according  to  the  taste  of  the 
designer.  Lead  thimbles  or  short  pipes  with  one  cli»ed  end  and  serrated 
open  edges  are  inverted  over  these  up-standing  pipes  and  complete  tJie 
liquid  lutes.  When  acid  is  run  into  the  depreadon  it  must  fill  up  for  a  height 
of  3  or  4  ins.  before  acid  can  flow  into  the  tower  at  all,  and  the  pipe  through 
which  it  flows  is  of  such  a  diameter  that  it  flows  down  around  the  e^e 
in  a  thin  stream  rather  than  sucking  in  with  a  rush.  Any  method  which 
will  supply  all  of  these  half  cups,  *me  edde  with  a  small  r^pilar  stream 
of  nitrous  vitriol  and  the  other  with  a  small  stream  of  chamber  at-ict, 
will  give  us  a  good  distributing  system.  Ordinary  cocks  on  the  pipes  to 
r^ulate  each  stream  are  out  of  the  question,  as  they  plug  up  and  it  is 
practically  imposmble  to  regulate  the  size  of  the  stream  accurately.  The 
usual  s>'Btem  of  making  the  subdivision  is  that  indicated  in  Fig.  84,  wh&e 
a  series  of  lips  are  dressed  over  on  one  or  both  sides  of  a  straight  or  circular 
trough  and  each  of  these  lips  is  permitted  to  slightly  overflow,  the  siie  of 
the  stream  being  easily  regulated  with  a  very  great  minuteness  by  a  slight 
tap  or  blow  above  or  below  on  the  crest  of  the  lip.    Each  ot  these  little 
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streams  has  a  pipe  to  convey  it  to  the  proper  point  at  the  top  of  the 
tower. 

On  the  floor  above  the  head  of  the  tower  (in  order  to  secure  the  head 
for  a  constant  and  steady  flow  to  the  towers)  is  located  the  tank  and  gen- 
erally also  the  level  apparatus.  It  is  customary  to  ir.ake  the  top  and  sides 
of  the  tower  very  much  lighter  lead  than  the  bottom.  About  16  lb.  lead 
13  generally  deemed  heavy  enough.  It  b  false  economy  to  so  reduce  the 
thickness'  of  lead  thct  a  renewal  of  any  portion  of  the  tower  will  be 
necessary.  Good  'policy  demands  that  the  tower  be  so  built,  like  the 
"  wonderful  one  horse  chwse,"  that  when  one  piece  requires  repfuring, 
the  whole  thing  may  as  well  be  taken  down. 

The  Capaci^  of  Glover  Tower.  It  b  found  desirable  to  maintfun,  at 
least  approxiiratcly,  a  certain  fixed  relation  between  the  size  or  capacity 
of  the  Glover  tower  ar.d  the  size  or  cubical  capacity  of  the  chamber  instaUer 
tioD.  Opinions  as  to  thb  relation  vary  somewhat  and  should  in  any  caae 
always  be  expressed  in  terms  of  actual  working  volume  of -the  Glover  tower 
and  not  of  the  total  space  within  the  lead.  Experience  has  indicated  that 
if  the  tower  is  properly  packed  there  b  no  gain  obtained  by  extending  the 
net  height  of  actual  packing,  more  than  about  20  ft.  Consequently 
the  size  will  he  a  matter  of  variation  in  cross-section  rather  than  in  height. 
Thb  cross-section  has  in  some  cases  teen  as  great  as  25  or  30  ft.  in  diameter 
without  detriment  to  the  action  of  the  tower.  About  300  or  350  cubic 
feet  of  actual  Glover  tower  packing  space  is  allowed  per  ton  of  sulphur 
burned  per  day. 

Acid  Coolers.  The  acid  running  away  from  the  bottom  of  the  tower 
and  coming  from  recent  contact  with  the  hot  gases  will,  as  a  rule,  be  very 
hot-  (about  130*  C).  Even  when  the  burner  gases  are  cool  it  is  about 
100°  C.  It  may  be  higher,  but  as  60"  acid  begins  to  boil,  at  about 
180°  C,  a  much  higher  temperature  than  150'  cannot  reasonably  be 
•  expected.  Nor  b  it  desirable,  because  under  most  conditions  all  of 
thb  acid  must  be  cooled  either  before  storage  or  before  its  retL-rn 
to  the  Gay-Lussac  tower  for  absorption  of  nitrous-vitriol.  For  this 
purpose  there  are  generally  located  just  below  the  bottom  of  the 
towers  cooling  worms  or  tanks.  Sometimes  air  coolers  are  used.  As 
far  as  possille  the  hot  acid  should  be  kept  out  of  contact  with  the  lead 
until  the  latter  is  cooled  on  the  other  side  by  moderately  cold  water,  other- 
wise the  wear  and  tear  on  the  lead  coolers  will  be  heavy  as  was  explained 
in  describing  the  corrosive  properties  of  acid,  Fig.  85  illustrates  one  of 
the  most  convenient  devices  for  cooling  of  Glover  tower  acid  (where 
water  b  moderately  scarce).  A  wooden 'tank  is  built  cross-divided  into 
a  number  of  compartments,  tightened  up  with  bolts  and  linod  with  6  lb. 
lead.  Along  one  side  of  it  b  a  lipped  trough  of  stoneware  sections 
backed  with  asbestos  millboard  and  beaten  into  an  IS  lb.  lead  trough 
covered  with  wood.  In  each  of  the  compartments  b  placed  a  nested 
coil  of  1  in.  AA  lead  pipe  provided  at  the  inlet  end  with  a  Buchner 
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or  eilica  funnel  extendii^  do'wn  into  the  end  of  the  coil  below  the  top 
surface  of  the  water.  The  bottom  end  of  the  coil  b  brou^t  up  over 
the  edge  of  the  tank  so  that  the  coil  always  stands  full  of  acid  and  the 
various  tiuns  of  the  coil  are  separated  by  flat  irons  suitably  bolted  together 
in  order  to  malLe  the  coil  a  rigid  unit.     Each  compartment  is  provided 
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with  a  sepfu-ate  plug  in  the  bottom  and  a  trou^  underneath  by  which 
it  may  be  entirely  emptied  of  mud  or  water  in  order  to  wash  it  out 
or  permit  the  examination  of  the  coil  to  establish  its  tightness.  Elach 
coil  is  separately  fed  by  a  short  syphon  lying  in  the  Up  from  the  hot  acid 
gutter  at  the  back  and  each  discharges  separately  into  a  cold  acid  trough 
at  the  front  (or  back)  of  the  system.  Beneath  this  cold  acid  trough  U 
located  the  wider  water  overflow  trough  the  top  of  which  is  tightly  covered  . 
to  prevent  steaming.  A  daly  litmus  test  of  the  overflow  of  each  tank 
reasonably  insures  the  absence  of  serious  leak  in  any  one  of  the  coils. 
If  a  leak  b  suspected  the  corresponding  syphon  may  be  lifted  without 
seriously  upsetting  the  action  of  the  several  other  coils  and  the  coil  in 
question  can  be  lifted  out  by  a  chain-fall,  removed  entirely  from  its  box, 
and  a  reserve  coil  placed  with  very  little  delay.  If  the  leak  is  certun 
it  is  not  even  necessary  to  remove  the  water  from  the  box. 

In  another  type  of  cooler  (suitable  for  ample  water  supply)  the  action 
of  the  extremely  hot  acid  upon  the  lead  pipe  is  almost  wholly  avoided 
by  having  in  the  tank  sufficient  volume  of  cooled  acid  to  mix  immediately 
with  the  hot  acid  flowing  in  before  it  comes  in  contact  with  the  cool- 
ii^  pipes.  In  this  manner  much  longer  life  is  secured  for  the  cooling 
pipes.  The  flow  from  the  Glover  is  divided  into  only  two  streams  (two 
being  necessary  in  order  to  permit  repairs  to  be  made  to  one  of  the 
devices).     Two  large  tanks  are  located  below  (and  sometimes  within  the 
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Glover  foundation)  and  are  lined  with  16  lb,  lead.  Inside  of  this  lining 
and  supported  on  lead-covered  iron  frames  are  large  flat  coils  of  1"  AA  lead 
pipe,  which  are  independently  supplied  with  cold  water  and  planned  to 
m^ntain  a  layer  of  cooler  acid  at  the  top  into  which  the  hot  acid  flows. 
Below  this  level  the  acid  is  slowly  and  steadily  settling  downward  to 
the  bottom  of  the  tank  cooled  everywhere  by  the  lower  portions  of  the 
various  coils,  and  as  the  water  is  fed  to  all  coils  at  the  bottom  this  poF> 
tion  of  the  acid  obtains  the  prolonged  benefit  of  the  coldest  water  avutable 
in  the  system.  This  finally  cooled  acid  from  the  bottom  of  the  tank  is 
drawn  over  by  a  syphon  to  the  Glover  acid  storage  tanks.  In  order  to 
prevent  the  acid  from  being  too  much  heated  by  the  surrounding  liquid, 
the  syphon-pipe  is  itself  surrounded  by  sewer-tile  or  other  stoneware 
pipe,  sometimes  two  layers  being  used  and  the  space  between  the  pipe 
and  the  tile  packed  with  asbestos  fiber.  Sinlilarly  the  pipes  carrying  the 
cold  water  down  to  the  bottom  of  the  coils  may  be  covered  with  insulating 
pipes  if  this  is  necessary,  but  generally  no  such  precaution  need  be  taken. 
Unless  the  Glover  tower  is  set  very  high  (so  that  the  space  available  under 
it  is  great)  it  is  preferred  not  to  locate  the  tank  under  the  Glover 
because  it  must  be  made  too  shallow  for  the  most  efficient  working,  or  the 
storage  tanks  beneath  the  chambers  become  too  tow.  It  is  better  to  allow 
space  (either  beside  the  Glover  or  between  the  Glover  and  the  first 
chamber)  on  a  separate  platform  about  6  feet  below  the  level  of  the  Glover 
tower  for  devices  of  this  character.  This  brings  them  nearly  on  the  level 
of  the  chamber  floor,  not  more  than  2  or  3  feet  below  it  at  most,  permits 
the  flow  of  the  acid  from  the  cooling  devices  by  gravity  to  the  storage 
tanks  and  still  permits  the  elevation  of  these  storage  tanks  above  the 
ground  high  enough  to  locate  all  acid  eggs  below  them  without  much 
excavation. 

Stmage  Tanks.  Tanks  for  the  handling  of  acid  are  generally  made 
of  timber  lined  with  6  or  8  lb.  lead.  It  is  desirable  to  have  in  each  tank 
at  the  head  of  the  tower  several  hours'  supply  of  acid  for  the  tower  in 
question.  The  tanks  at  the  bottom  of  the  towers  both  for  Gay-Lussac  and 
Glove'  acid  should  have  at  least  a  day's  capacity  and  the  tanks  for  chamber 
acid  may  have  any  desired  capacity  according  to  the  method  in  which 
the  acid  is  to  be  used.  These  tanks  may  all  be  satisfactorily  located 
under  the  chambers  and  should  be  covered  or  provided  with  a  sub-roof 
under  the  chamber  floor  and  located  if  possible  far  enough  from  that 
floor  to  allow  of  access  to  the  floor  for  examination  when  necessary. 
Cooling  of  the  acid  is  generally  required  for  the  Glover  tower  acid  only. 
In  some  fllants  it  is  thought  desirable  to  cool  the  Gay-Lussac  acid,  but 
usually  this  is  unnecessary,  unless  the  Gay-Lussac  acid  is  to  be  recirculated 
or  a  portion  of  it  used  in  intermediate  towers. 

Chamber  Reactions.  Turning  now  to  the  chambers,  it  is  well  to 
consider  briefly  the  general  types  of  reactions  which  are  expected  to  be 
performed  therein.     Several    theories  of  the  operation  have  been  sug- 
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gested  and  it  will  be  interesting  to  present  these  and  conader  them 
briefly. 

Davy,  observing  the  presence  of  N02HOSO3  crj-stals  and  the  necessity 
of  water  for  the  reaction,  proposed  the  explanation  that  ZSOa+SNOa 
+H20  =  2N02HOS03+NO  forming  droplets  in  the  chamber  atmosphere 
which  sink  into  the  acid  at  the  bottom  and  are  diluted  thereby,  water 
being  condensed  on  the  side  curtains  in  larger,  proportion  and  diluting  thia 
bottom  acid.     On  dilution 

2NO2HOSO2+H2O  =  2H2SOi+NO+NOa 

which  partly  oxidizes  2N0+02=2N02  again  to  unite  with  more  SOs- 
The  objections  to  this  are  that  bo  much  more!  water  condensation  is  not 
observed  on  the  curtains  and  instead  of  there  being  much  more  NO  and 
NO2  near  the  bottom  they  seem  to  be  evenly  distributed  through  the 
gases. 

Berzelius  and  others,  including  Peligot,  Weber,  and  Raschig,  regarded 
the  formation  of  uitrosyl  sulphuric  as  wholly  accidents  or  abnormal. 

Lunge,  Hurter  and  Sorel  substantially  agree  that 

N20a+2H2804«^2NO2HOS02+H20, 

calculated  the  theoretical  rate  of  formation  in  close  agreement  with 
fact,  and  su^ested  circulation  of  drops  through  varying  conditions  of 
temperature  and  practically  constant  H2O  and  N2O3  vapor  tension. 
HjS04.2H20  passes  to  the  central  hot  zone,  is  concentrated,  takes  up 
N203  to  form  nitrosyl,  passes  to  cooler  sides,  absorbs  water  decompos- 
ing nitrosyl  and  forming  sulphuric  67  per  cent  near  walls  at  75''  =  27  mm. 
At  center  90°,  27  nmi.  =  73  per  cent.  Observations  confirm  these  facts. 
The  particle  of  aqueous  H2SO4  floats  about  in  the  chamber  gases, 
being  carried  up  in  the  middle  and  down  at  the  sides;  on  the  one-hand, 
owing  to  the  heat  of  the  reaction  and,  on  the  other  hand,  owing  to  the 
cooling  action  of  the  chamber  sides.  These  particles  of  acid  are  alter- 
nately subjected  to  higher  and  lower  temperatures.  When  the  tem- 
perature is  raised  concentration  increases  by  evaporation  and  the  acid 
is  able  to  absorb  or  retwn  greater  quantities  of  N2O3.  This  N2OS  when 
absorbed  from  the  surrounding  medium  may  carry  SO2  in  along  with  it 
together  with  water  or  other  constituents  necessary  to  make  sulphuric 
acid.  Then  on  pas^ng  over  and  down  along  the  chamber  sides  the  par- 
ticles are  subjected  to  a  more  saturated  atmosphere  and  to  a  cooling  action 
which  tends  to  condense  moisture  upon  their  surface.  The  moisture  may 
have  traveled  side  by  side  with  the  particles  for  many  feet,  but  not  have 
encountered  conditions  favorable  to  condensation.  As  soon  as  the  moist- 
ure is  condensed  on  the  particles,  thereby  diluting  them,  the  nitrosyl- 
sulphuric  acid  is  decomposed,  liberating  the  N20a  and  forming  sulphuric 
acid  which  is  added  to  the  mass  of  the  particles.  Whether  this  NaOs 
on  ita  w^  out  from  the  surface  of  the  particles  forms  additional  sulphuric 
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acid  in  any  mtuuter  is  not  essential,  but  probably  it  does  not.  When 
liberated,  thia  NaOg  travels  side  by  side  with  the  particles,  the  Burrouud- 
ing  SO3  and  the  moiature  envelope,  until  the  temperature  is  again  rused 
in  the  middle  zone,  when  more  moisture  is  liberated  from  the  particles  and 
N3O3  is  again  taken  up. 

This  is  at  least  a  clear  view  of  what  may  go  on  during  the  greater 
portion  of  the  chamber  operation.  Unqueetiooably  during  the  early 
portion  of  the  action  at  the  entrance  of  the  first  chamber  (when  extremely 
rapid  formation  of  sulphuric  acid  occurs)  Glover  tower  reactions  also 
0CCIU-. 

Surface  CtHitsct  The  importance  of  surface  contact  and  impingement 
of  gases  caimot  be  denied  or  overlooked.  In  1S84  McTear  (J.S.C.I., 
'84,  228)  carried  out  an  mteresting  series  of  experiments  by  placing  a  tray 
12x12  ins.  in  the  chamber  and  noting  the  amount  of  sulphuric  acid  col- 
lected cm  the  upper  surfaces  of  the  tray  and  of  glass  plates  supported  over 
it.  Taking  the  deposition  of  acid  on  the  upper  surface  of  the  tray  alone 
(700  grams  per  day)  as  unity,  this  deposition  was  increased  2.3  times  by 
supporting  in  a  vertical  position  above  the  tray  12  pieces  of  glass,  12X6  ins. 
wide,  having  a  total  surface  approximately  12  times  as  great  as  the  sur- 
face of  the  tray.  When  placed  horizontally,  12  ins.  wide  and  arranged  as 
before,  the  depontion  of  acid  was  4.5  times  as  great  as  that  of  the  tray. 
It  was  found  that  a  single  vertical  surface  exposed  to  impingement  of  the 
gas  condensed  about  30  per  cent  more  acid  than  the  other  surface  and  that 
a  horizontal  plate  coUected  on  both  upper  and  lower  surfaces  very  nearly 
as  much  as  when  placed  vertical.  This  is  a  purely  surface  action.  As 
early  as  1861  it  was  suggested  to  make  vitriol  in  a  long  channel  filled 
with  horizontally  supported  glass  plates,  but  such  an  installation  would 
have  had  too  little  permanence.  Partitions  of  brickwork,  of  suspended 
glass  plate  and  even  chambers  filled  with  coke  have  been  tried.  Steam 
aspirators,  and  even  fans,  have  been  used  to  circulate  the  gases  about 
in  the  chambers.  But  to  date  the  most  successful  method  of  mixing 
and  cooling  the  gases  and  fixing  the  suspended  liquid  is  the  use  of  towers 
between  the  chambers.  These  towers  may  be  supplied  with  a  down- 
flow  of  acid  or  other  cooling  means.  Thyss  and  Sorel  both  attempted 
to  use  such  towers  (in  the  former  case  made  of  lead  and  in  the 
second  caie  filled  with  some  sort  of  packing)  before  Lui^  sug- 
gested plate  towers.  What  is  probably  the  best  developed  plate  system 
is  that  of  George  Lunge  and  Ludwig  Rohrmann,  patented  in  1886, 
1887.  1889,  the  plates  being  placed  so  that  holes  do  not  register  and 
the  drops  from  the  edge  of  one  hole  strike  upon  the  plate  below. 
Gilchrist  has  filled  the  tower  with  a  number  of  horizontal  cooling  pipes  of 
triangular  section  and  allowed  air  to  circulate  through  these  pipes.  The 
system  has  found  great  favor  in  many  American  plants.  The  smaller  sizes 
of  diamond-shaped  bricks  (rhomboidal  packing)  offer  great  advantages 
of  surface  and  stabihty.     The  writer's  experience  with  simpler  and  less 
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expensive  packii^,  however,  has  been  entirely  satisfactory.  The  tower 
may  be  sprayed  witli  ordinary  chamber  acid,  unless  the  inten«ve  system 
of  operation  is  to  be  applied  when  nitrous  vitriol  can  be  profitably  used 
therewith,  but  too  great  concentration  should  be  avoided  since  we  have 
here  neither  the  high  temperature  nor  the  rich  sulphurous  gases  to  denitrate 
the  strong  mtrous  vitriol.  Re-circulation  of  these  towers  with  a  strength 
about  the  same  as  made  in  adjoining  chambers  is  recommended. 

Cooling  also  is  certainly  essential,  as  the  formation  of  Uquid  cannot 
continue  without  heat  dissipation.  Cooling  is  so  important  that  in  Tlngland 
a  nearly  fixed  relation  between  cooling  surface  (0.2  sq.ft.  per  cu.ft.)  and 
chamber  capacity  is  recognised. 

As  the  reaction  in  the  chamber  progresses^  to  completion,  however, 
we  may  confidently  predict  from  the  general  law  of  the  mass  action  (com- 
mon sense)  that  it  will  become  slower.  At  the  latter  end  SO2  (and  oxygen) 
becomes  somewhat  exhausted,  the  more  exhausted  or  rare  the  SO2  becomea 
the  more  infrequent  will  be  the  contact  of  SO2  molecules  with  those  of 
nitrosyl  sulphuric  acid  or  nitrogen  oxide  capable  of  making  it.  Thus  in 
spite  of  any  mixing  or  cooling  or  other  action  to  which  we  may  submit 
the  gases  we  can  be  sure  that  reactions  will  be  very  slow  at  the  end.  About 
30  per  cent  of  the  total  weight  of  acid  is  made  in  the  first  chamber  where 
a  number  of  chambers  (4  to  6)  are  used.  Where  only  three  chambers  are 
used  this  is  more  likely  to  be  from  30  per  cent  to  40  per  cent  and,  with 
only  two  chambers,  may  be  60  per  cent  or  even  80  per  cent.  With 
,  the  lai^er  number  of  chambers  the  last  (No.  6)  makes  only  1  to  3  per  cent 
of  the  total  acid.  With  three  chambers  from  9  to  20  per  cent  of  the  total 
acid,  and  with  only  two  chambers  from  20  to  35  per  cent  or  40  per  cent 
mdy  be  expected  (these  figures  are  all  exclusive  of  the  acid  made  in  Glover 
and  Gay-Lussac  towers,  the  former  averaging  from  10  to  IS  per  cent  and  the 
latter  in  the  well-operated  chambers  below  5  per  cent), 

Sight  holes  are  used  for  observing  the  color  of  the  gases  for  presence 
of  moisture  and  niter.  As  the  reaction  progresses  heat  is  necessarily 
liberated,  .becomes  sensible  as  temperature,  is  partly  dissipated  by  the 
walls,  and  gives  an  excellent  indication  of  the  operation.  Thermometers 
are,  therefore,  very  generally  used. 

Niter  Control.  As  might  be  expected,  niter  is  the  important  variable. 
A  temporary  cessation  of  niter  supply  will  cause  a  rapid  fall  of  tem- 
perature in  the  first  chamber,  as  much  as  twenty  degrees  in  a  few  hours, 
simultaneously  affecting  the  strength  of  acid  produced.  The  percentage 
of  niter  in  the  gases  has  the  greatest  influence  on  temperature,  because 
within  wide  limits  it  controls  the  rate  of  production  of  sulphuric  without 
necessarily  at  aH  affecting  the  yield  of  acid  or  the  consumption  of  niter. 
The  simplest  indication  of  niter  conditions  is  the  color  of  the  gases.  In 
the  first  half  of  the  travel  (cubical  space)  white  sulphuric  mist  and 
reduction  by  SO2  to  colorless  NO  prevent  any  color  being  observed. 
About  the  middle,  however,  a  ftunt  tint  (yellowish  NjOa),  and  before 
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passing  to  the  Gay-Lussac,  in  fact,  in  the  middle  of  the  last  chamber,~a 
distiDCt  red  (N2O4)  appears  (not  a  clear  red,  which  means  dry  gases, 
but  a  misty  red). 

The  quantity  of  niter  lost  varies  much  with  skill  of  operating  and 
adequateneas  of  recovery  plant  to  the  intensity  of  working.  There  is 
always  some  loss;  never  below  1.5  parts  per  100  of  sulphur  bumed=0.5 
per  cent  of  the  actu^  H2S04  produced.  This  figure  generally  ranges 
from  .75  to  1.25  however.  With  ordinary  su^e  Gay-Lussac  and  Glover 
1.0  per  cent  ia  good  working  and  O.S  per  cent  is  excellent.  As  the  cost  of 
niter  is  from  10  to  20  per  cent  of  the  total  manufacturing  .cost  of  the  acid, 
careful  economy  of  niter  is  essential. 

One  of  the  first  steps  in  "  doctoring  "  a  chamber  m  to  make  sure  of 
ample  niter  supply.  Deficiency  is  more  objectionable  than  excess  and  is 
indicated  by  paleness  of  end  chamber,  decreasing  nitrous  strength  of 
Gay-Lussac  acid,  absence  of  ferrous  sulphate  test  first  in  middle  or  end 
bottoms,  possibly  by  red  fumes  at  exit  (SO3  to  Gay-Lussac),  decrease  in 
quantity  or  strength  of  drit>s,  presence  of  N2O  in  exit  gases,  eto.  The 
Berious  consequences  are  decrease  of  production,  SO3  escaping  to  the 
last  chunber  in  too  great  quantity  with  moisture  preventing  proper  for- 
mation of  NO3HOSO2;  formation  of  nitric  and  further  removal  of  niter 
from  the  system,  possibly  complete  reduction  to  N2O  not  recoverable; 
passage  of  niter  as  NO  with  SO2  to  Gay-Lussac;  absence  of  absorption 
added  to  decomposition  of  nitrous  vitriol  by  SO3  leading  to  loss  of  niter 
both  in  bottoms  and  at  exit  because  too  liiUe  niter  is  present. 

Drips.  "  Drips  "  is  a  name  given  sample  acid  collected  by  troughs  from 
the  inner  surfaces  of  side  curtains  or  by  trays  clear  inside  the  chambers  and 
[Hped  to  the  outside  for  testing.  It  slowly  "  drips  "  from  these  pipes. 
Weakness '  of  the  drip  means  either  too  much  water  (when  quantity 
will  be  full  or  excessive)  or  too  little  formation  of  acid  (causing  lower 
temperatures  and  also  smaller  quantity).  Other  things  being  right, 
the  strength  of  drip  serves  as  a  guide  to  the  admission  of  steam  or  spray. 
When  the  drip  becomes  too  weak  the  steam  supply  should  be  sharply 
reduced  for  a  time  and  then  resumed.  Too  much  water  in  presence  of 
excess  of  oxygen  reacts  with  the  lower  oxides  to  form  HNOg,  the  cxindensa- 
tion  of  which  on  the  chamber  side  is  apt  to  be  injurious.  The  glass 
sight-jars,  or  windows,  should  not  be  dripping  wet,  merely  beaded  over. 
Continued  excessive  supply  of  steam  and  consequent  formation  of  nitric 
acid  leads  to  too  much  nitric  in  the  suspended  acid  which  is  carried  down  to 
the  bottom  acid,  weakening  the  stre^th  of  the  same  and  increasing  its 
content  of  niter  by  the  nitric  brought  down.    This  action  is  cumulative, 

■  The  Btrength  depends  largely  on  the  point  of  collection,  4  to  6"  B*,,  weak«r  near 
tbe  BurfBce  of  the  chamber  (owing  to  the  cooling  and  condensation  near  the  curtain) 
and  stronger  iiam  the  int«nor,  unleffl  very  strong  chamber  acid  is  being  made,  when 
this  difference  will  be  lees.  It  is  almost  obvious  that  the  absolute  strength  of  the 
drip  is  not  so  important  as  how  the  strength  varies  from  day  to  day  aad  from  fint 
ehambtt  to  last. 
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since  the  weaker  acid  on  the  bottom  itself  tends  to  hold  more  nitric. 
The  yield  falls  off  and  consumption  of  niter  increases.  Action  on  the 
lead  does  permanent  damage;  white  drips  result.  Also  the  chamber 
becomes  pale.  When  the  drip  becomes  too  strong  it  may  mean  that  the 
chamber  is  very  rich  in  niter  or  that  there  is  too  little  moisture.  Another 
possible  evidence  of  the  absence  of  moisture  is  the  presence  of  chamber 
crystals  on  the  glass  plates  or  lute  covers.  When  the  quantity  of  the 
drip  decreases  it  is  sure  to  indicate  either  an  absence  of  acid  manu- 
facture or  an  absence  of  moisture.  In  the  latter  case  the  strength  of  the 
drip  is  apt  to  b§  high;  in  the  former  case  the  strength  of  the  drip  is  low. 

Draft  Draft  should  be  primarily  regulated  according  to  analyses 
of  gases  at  Glover  entrance  and  at  exit.  Too  much  draft  shows  at  butners 
by  weak  gas,  while  too  little  draft  is  indicated  by  the  absence  of  Oa- 
Too  much  draft  weakens  the  reaction  and  carries  it  back  too  far  in  the 
chambers,  losing  SOa  and  niter.  Too  Sttle  permits  over-reduction  and  loss 
of  niter,  finally  perhaps  loss  of  SOa,  and  certainly  loss  of  profit  on  the 
investment.  The  passage  of  gas  throu^  the  chambers  as  a  whole,  is 
observed  with  delicate  pressure  gages. 

Chamber  ConstructicHi,  The  following  special  principles  underlie 
chamber  construction  and  any  chamber  det^  should  be  considered  with 
each  of  them  in  mind. 

1.  Variations  of  pressure  inside  the  chambers  may  amount  to  more 
than  J  in.  water  column,  or  about  3  lbs.  per  square  foot  over  the  entire 
suriace  of  the  chamber  so  that  precautions  must  be  taken  to  prevent  the 
side  curtwis  from  sucking  in  (or  bulging)  by  frequent  attachment  of  both 
the  curtains  and  the  top  to  a  suitable  framework. 

2.  Variations  of  temperature  expand  and  contract  the  lead,  so  curved 
comers  or  movable  attachments  to  the  framework  should  be  provided  to 
permit  movement  without  buckling  or  bending  the  sheets,  particularly  at 
joints. 

8.  The  supporting  and  smrounding  framework  should  be  rigid.  As 
the  safe  tensile  strength  of  lead  at  0°  or  100°  C.  is  only  about  500  lbs. 
per  square  inch  (a  sheet  being  self-supporting  for  a  hei^t  of  about  90  ft.), 
shiftily  of  the  framework,  failure  of  supports,  or  sticking  of  movable 
attachments  produces  destructive  strains.  In  open-eided  chambers, 
wind  strains  must  also  be  provided  against. 

4.  The  corrosion  going  on  continuously,  though  slowly,  is  augmented 
by  higher  temperature,  excessive  moisture  in  the  gases,  increased  niter 
content,  absence  of  SOa,  too  rapid  movement  or  impingement  of  the  gases, 
or  alternate  action  of  liquid  acid  and  gases.  The  points  of  most  severe 
attack  therefore  are  as  follows:  around  the  entrance  to  the  first  chamber, 
owing  to  the  heat,  richness  and  velocity  of  the  whirl  of  gases  circulat- 
ing to  join  the  incoming  stream;  the  end  opposite  this  entrance  (if  the  first 
chamber  is  not  very  long)  owing  to  richness  and  impingement  of  the  enter- 
ii^  stream;  the  whole  of  the  first  chamber  because  the  temperature  is 
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higher,  the  gases  richer  and  reactioD  more  active;  any  points  where  the 
sides  are  uncooled  by  the  outside  air,  as  points  in  contact  with  timber  frame- 
work, the  inner  sheet  of  a  lap  joint,  the  bottom  when  it  rests  on  the  floor 
if  it  is  not  covered  with  mud  or  a  layer  of  liquid,  and  side  curtains  where 
they  descend  inside  the  bottom  pan;  the  last  chamber  where  all  SO2  is 
pretty  well  exhausted,  acid  mist  is  much  thinner  and  where  in  the  absence 
of  SO2  the  reaction  N2O4+H3S04  =  NO2HOSO2+HNO3  takes  place  (or 
with  excess  moisture  even  the  reaction  2NOzH20+02=2HN03). 

Most  of  the  chamber  plants  now  in  operation  have  wooden  supporting 
framework  of  vertical  studding  crowned  with  a  wall  plate  rounded  on 
the  upper  inside  edge  and  beveled  away  outward  below  the  round.     The 
lead  side  curtains  bend  out  over  the  round,  are  nuled  down  to  the  plate 
and  strapped  to  the  studding.     In  this  construction,  seams  are  generally 
run    vertically   and   either   a  large   section   or   the   whole    side   of  the 
chamber,  is  burned  lying  upon  the  floor  within  the  chamber  frame  and 
then  hoisted  into  place,  or  burned  at  the  top  and  let  down  after  secur- 
ing the  edge  to  the  plate.    The  side  and  end  curtains  being  thus  placed 
in  position,  a  movable  scaffold 
the  width  of  the  chamber  is  set 
up  within  the  walls,  the  succes- 
^ve  sheets  of  the  ceiling  are  laid 
upon  the  scaffold,  and  the  long 
joints  burned  three  or  four  at  a 
time.    The  ends  of  each  sheet 
extending  out  over  the  side  sheets 
where  they  turn  over  the  plate 
are    burned    fast;     straps    are 
burned  on  the  ceiling  and  at- 
tached  to  beams    laid    as  the 
work  progresses.    The  scaffold  ia 
moved  fdong  underneath  leaving 
a  finished  ceiling.     For  conven- 
ience the  scaffold  is    generally 
made   to   travel    on    wheels  lor 
rollers.     Finally   when   the   last 
sheets  are  placed  the  scaffold  is 
dismembered  into  sections  and  removed  between  two  of  the  side  sheets 
which  have  been  left  unbumed  for  a  portion  of  their  height.     The  floor 
is  then  well  cleaned.    The  bottom  sheets  are  laid  clear  across  the  chamber 
bottom  turping  up  inside  and  over  a  rim  of  side  boarding  18  to  20  ins. 
high  in  similar  way  on  all  sides,  sheet  after  sheet  beii^  bumed  on  as 
Ifud.     The  flues  are  generally  left  until  the  last  and  give  entrance  and 
exit  holes  for  the  workmen  while  engaged  in  laying  the  bottom,  making 
the  Bnal  (^eao-up  before  starting  as  well  as  testing  the  tightness  of  the 
work. 
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Figs.  86  and  88  show  a  more  modem  type  of  construction  (although 
the  wood  is  stilt  much  used)  consisting  of  a  steel  framework.  Cbambere 
of  -this  type  are  apt  to  be  built  of  greater  relative  height  and  as  seen, 
Fig.  88,  a  different  system  of  attachment  '■  to  the  framework-  is  used. 
Incidentally  it  might  be  said  that  this  attachment  presents  many 
advantages,  since  it  can  generally  be  located  on  the  outer  face  of  a  joint 
and  the  point  of  attachment  will  therefore  be  better  protected  from  corro- 
sion within,  by  the  lap.  Laps  are  almost  invariably  burned  on  the  out- 
ude  edge  so  that  the  extra  lead  of  the  lap  can  serve  to  protect  from 
corrosion  the  point  at  which  the  joint  is  made. 

Coonection  of  Chambers.  In  connecting  the  chambers  one  with 
another,  circular  or  rectangular  lead  gas  flues  are  used.  It  is  generally 
preferable  to  make  the  flues  circular  because  they  can  then  be  provided 
with  longitudinal  stays  of  wooden  slats,  easily  enclosed  and  supported 
by  iron  rings.  In  some  cases,  however,  square  flues  are  much  more 
desirable  as  a  matter  of  convenience  and  engineering. 

The  connections  between  chambers  have  generally  been  taken  from 
the  lower  portion  of  the  end  of  one  chamber  to  top  of  the  preceding  cham- 
ber. A  great  deal  of  experience,  however,  has  indicated  that  it  makes 
very  little  difference  from  what  point  the  outlet,  or  to  what  point  the 
inlet  is  taken.  The  natural  circulation  of  the  chambers  is  very  quickly 
set  up  regardless  of  the  height  at  which  the  gases  may  happen  to  be  intro- 
duced.    This  is,  of  course,  to  a  less  extent  the  case  when  forced  draft  is  used. 

In  making  attachments  for  connections  to  the  chambers  and  in  making 
repairs,  the  curtains  and  the  tops,  as  well  as  the  connecting  flues,  may  be 
freely  cut  into  and  changed.  The  greatest  care,  however,  is  used  to 
avoid  disturbing  the  bottom  basin  because  of  its  very  great  importance 
in  the  storage  of  acid,  and  because  of  the  extreme  difficulty  of  repairing 
leaks  in  the  bottom. 

The  various  arrangements  for  observation,  takii^  of  drips,  tem- 
peratures, level  of  acid  within  the  chambers,  etc.,  are  as  a  rule  scattered 
at  different  points  throughout  the  chtunber.  There  seems,  however,  to 
be  no  advantage  in  this  wide  distribution  of  points  of  observation  and  in 
some  cases  they  have  been  concentrated  together.  For  drawing  off  the 
acid  from  the  bottom  of  any  chamber  a  lead  syphon  is  allowed  to  dip  into 
the  bottom  pan  where  an  alcove  in  the  curtain  allows  aufllicient  space 
for  it  to  stand.  Acid  is  thus  drawn  from  the  chamber  to  a  "  boot  "  or 
pot  set  in  the  floor  outside  and  made  as  high  as  the  side  boarding  of  the 
chamber  bottom.    Acid  is  drawn  from  each  chamber  to  the  chamber 

'Id  the  wooden  frame  it  was  noted  that  the  plate  ie  slightly  ovwhuiig  on  the 
inside  so  that  the  lead  should  not  touch  the  framework  at  any  point.  To  prevent  the 
mickii^  in  by  draft,  or  the  pushing  out,  the  entire  curtain  must  be  attached  by  lugs 
or  straps  to  the  framework.  Such  attachment  unless  slotted  should  not  be  made 
before  the  chambers  are  started  up,  because  the  elongation  of  the  lead  when  heat«d 
will  throw  too  much  strain  upon  the  straps. 
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preceding  it,  and  a  similar  boot  U  almost  invariably  placed  at  both  the 
outlet  from  the  later  chamber  and  inlet  to  the  earlier  chamber,  the  boots 
being  connected  by  a  pipe  and  each  supplied  with  its  own  syphon.    From 
the  first  chamber  acid  is  drawn  to  the  supply-tanks  of  the  e^fi  or  lifts 
to  the  Glover  tower,  and  to  the  same  or  other  supply  tanks,  possibly 
for  use  of  the  concentrating  sj^tem  where  66°  acid  is  being  made,  though 
such  acid  is  generally  taken  from  later  chambers  because  acid  there  is 
purer.    likewise  tdcoves  are  best  made  at  the  extreme  ends  of  the 
chambers  for  drawing  off.    The  writer  prders  a  single  observation 
alcove  with  boot  at  each  end  of  each  chamber.    The  greatest  care 
is  generally  observed  to  avoid  making  unnecessary  boles  in  the  bottom 
sheet  of  the  chamber  or  doing  anything  to  disturb  the  layer  of  mud 
over  the  chamber  bottom  and  expose  the  lead  to  consequent  corrosion. 
For  ttuB  reason  a  sheet  of  ^ass  or  piece  of  thin  tile  is  frequently  placed 
under  the  bottom   of  the  iimer  syphon-leg  to  prevent   the  flow  from 
disturbing  any  sediment  which  may  lodge  on  the  bottom  of  the  chambers. 
Siqpply  d  Water.     The  steam 
inlets  to   the   chambers  or   water 
sprays,  as  the  case  may  be,  prefer- 
ably the  latter,  are  located  alimg  the 
top  of  the  chamber,  and  the  connec- 
tions are  sometimes  carried  down  to 
index  valves  located  on  the  working 
floor  or  on  a  working  gallery  accord- 
ing to  the  preference  of  the  designer. 
If  water  sprays  are  used  they  are 
*  preferably  located  on  the  top    of 

the  chamber,  15  to  30  ft.  apart, 
and  sta^ered.  No  spray  should 
be  used  at  the  beginning  of  the  first 
chamber  where  the  ample  supply  of 
moisture  from  the  Glover  is  avail- 
able. Connections  may  be  provided 
for  the  last  chamber  but  would  rarely 
Fio.  87.  be  used.     Steam  is  often  preferable 

in  the  last  chamber  to  sustain  the 
temperature.  In  some  cases  special  water  pimips  and  storage  vessels 
ue  used,  but  the  source  of  supply  depends  largely  on  local  conditions. 
In  all  cases,  however,  the  water  should  be  well  filtered  in  a  general 
filter,  and  in  addition  a  small  lead  strainer  provided  with  the  finest 
brass  wire  gauze  should  be  inserted  in  the  water  supply  line  right  next 
to  tiie  spray  nozzle.  The  water-luted  method  of  connectit^  sprays 
into  the  top  of  the  chambers  is  shown  in  Fig.  87,  which  illustrates 
an  acid-proof  8[H'ay '  in  position.  A  is  the  water  supply  line,  B  the 
*  Made  I^  Schutte  ft  Ko^ng  Co.,  12th  and  Thompson  Sbi.,  PhUaddphia,  Pa. 
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shut-off  cock,  C  the  filter  cylinder,  D  the  removable  plug  for  filter  yAitsa 
cleaning,  and  E  the  lead  pipe  water-luted  at  F  and  easily  removable. 

Draft  It  has  been  ahown  that  a  certain  time  is  required  to  complete  the 
reaction  to  the  point  when  the  remaimi^  gaees  may  safely  be  introduced 
into  the  Gay-Luasac,  that  a  sudden  increase  of  draft  upsets  the  operation 
of  absorption  and  leads  perhaps  to  loss  of  niter,  that  a  sudden  decrease 
leads  to  absence  of  SOa  and  niter  or  relative  excess  of  moisture  and  fixation 
of  niter  in  the  last  chamber,  and  that  either  change  of  draft  leads  to 
variation  in  composition  of  burner  gases.  In  order  to  better  overcome 
the  variations  of  wind  pressure  and  barometric  pressure  and  reduce  the 
operation  of  the  chambers  to  a  smooth  and  even  process  variable  by  inten- 
tion only,  the  regulation  of  draft  is  of  the  utmost  im[>ortance.  For  this 
purpose  an  automatic  regulator  is  generally  located  either  between  the 
last  chamber  (or  tower)  and  the  Gay-Lussac,  or  at  the  exit  of  the  Gay- 
Lussac. 

^tedal  Chanil>ers.  Certain  special  chambers  deserve  mention  and 
comment.  Theodore  Meyer  utilizes  the  centrifugal  action  of  gases 
introduced  tangentially  into  a  circular  chamber  to  separate  the  converted 
gases  from  those  which  have  not  undergone  conversion,  the  temperature 
of  which  has  not  thereby  been  rused.  The  circuitous  path,  it  is  claimed, 
insures  better  exposure  of  every  particle  of  gas  for  a  longer  period  to  the 
action  of  the  nitrous  vapors.  Fig.  88,  Plan  No.  2,  illustrates  the  arrange- 
ment. Several  arc  in  satisfactory  operation  in  the  United  States  and  a 
number  abroad,  but  the  writer  does  not  happen  to  know  of  any  that  are 
doing  phenomenal  work. 

F.  J.  Falding's  invention  is  described  as  an  apparatus  for  making 
sulphuric  acid  consisting  of  one  lead  chamber  higher  than  it  is  long  or 
wide,  combined  with  a  Glover  tower,  means  for  cooling  the  reaction  prod- 
ucts from  the  chamber  and  a  Gay-Lussac  tower.  J.  B.  F.  Herreschoff 
has  for  fifteen  years  been  advocating  the  advantages  of  chambers  con- 
siderably higher  than  their  width,  pointii^  out  that  the  construction  of 
roof  and  fotmdation  were  substantially  the  same  for  any  height  and  that 
it  was  the  sides  and  not  the  top  of  the  chamber  which  gave  most  efficient 
cooling.  Great  credit  is  due  Falding  for  hb  pioneering,  even  though  in 
no  instance  does  thb  chamber  appear  to  have  achieved  phenomenal 
intensity  or  economy.  It  is  claimed  that,  "  in  the  improved  lead  chambers, 
the  hot  gases  ascend  by  convection  to  the  top  of  the  chambers,  whereas 
the  lower  zone  is  relatively  cold  and  the  mixture  of  fpises  may  be  draw]} 
off  from  the  bottom  of  the  single  chamber  with  the  reaction  practically 
quantitatively  complete."  Fig,  88  gives  some  extremely  good  details 
for  attachment  of  chambers  to  structural  steel  frames,  together  with 
general  elevation  and  plan  of  Falding's  chamber  (elevation  1  and  phm  1) 
as  compared  with  Meyer's  tangent  system  (plan  2  and  elevation  2),  and 
with  the  ordinary  style  of  chambers  (plan  3  and  elevation  3).  The 
largest  chambers  in  the  world  were  built  on  this  system  at  Copperhill, 
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Tenn.,  for  the  Tennessee  Copper  Co.  A  view  of  this  plant  is  given,  Fig. 
86.  The  single  chamber  effect,  however,  is  subject  to  too  quick  varia- 
tions and  consequent  disturbance  of  condition,  and  does  not  seem  to  give 
better  action  in  any  respect. 

Niter  Recovery.  The  Gay-Lussac  tower  should  next  be  considered, 
for  in  it  as  much  as  possible  of  the  oxides  of  nitn^en  must  be  absorbed 
in  sulphuric  of  not  less  than  60°  B^.  in  order  that  they  may  be  returned 
to  the  system  by  dilution  and  heat  in  the  Glover  tower.  As  the  nitrous 
vitriol  supplies  about  90  per  cent  of  the  niter  used  in  the  process,  it  is 
obvious  that  proper  means  for  the  recovery  of  the  niter  is  essential.  It 
has  been  seen  that  a  reduction  in  the  amount  of  niter  supplied  by  the  Glover 
quickly  reduces  the  rate  of  conversion  and  the  temperature  in  the  chambers, 
that  if  too  much  SO3  and  moisture  are  permitted  to  reach  the  last  chamber, 
a  reaction  occurs  that  tends  to  tie  up  niter  as  HNO3  in  the  bottom  acid 
there  and  that  the  resulting  gases  go  to  the  Gay-Lussac  poorer  in  niter, 
too  rich  in  SO3  and  moisture,  thus  tending  to  denitrify  the  outflowing  acid. 
Not  only  does  this  tend  to  disturb  the  action  of  the  Gay-Lussac,  but  it 
tends  to  weaken  th^  nitrous  supply  going  to  the  Glover  and  further  reduces 
the  supply  to  the  chambers.  The  disturbance  is,  therefore,  cumulative. 
It  is  counteracted  in  two  ways.  Two  Gay-Lussac  towers  are  used  in 
series  and  the  flow  on  the  first  is  made  a  recirculated  flow  much  heavier 
than  the  supply  of  fresh  acid  to  the  succeedii^  tower  or  of  nitrous  vitriol 
to  the  Glover.  The  effect  is  proportionally  lessened.  Also  a  considerable 
depth  of  bottom  acid  is  carried  in  the  chambers  at  about  the  strength  when 
slight  dilution  rapidly  liberates  niter.  Not  only  does  the  increased  mass 
of  this  acid  serve  as  a  balance  wheel,  its  higher  v^mr  pressure  of  N3O3 
supplying  niter  to  the  chamber  gases  when  their  partial  pressure  is  low, 
but  it  also  acts  as  a  direct  corrective  whenever  by  lack  of  niter  the  drips 
become  weak  and  slightly  dilute  the  bottom  acid.  Too  much  emphasis, . 
'  however,  cannot  be  laid  on  the  smooth  and  even  regulation  of  the  niter 
supply.  One  of  the  objections  to  potting  of  niter  is  that  the  action  is 
somewhat  irregular,  whereas  nitric  acid  run  into  the  Glover  tower  along 
with  the  nitrous  vitriol  can  be  regularly  supplied  and  instantly  adjusted. 
Similarly  the  first  step  toward  avoiding  trouble  is  to  provide  the  chambers 
with  an  ample  stock  of  niter  rapidly  and  repeatedly  renewed  by  providing 
them  with  ample  Glover  capacity  and  large  Gay-Lussacs. 

Dimensions  of  Gay-Lussac.  The  dimensions  of  the  Gay-Lussao 
tower  necessarily  correspond  in  a  measure  with  those  of  the  chamber  and 
with  the  capacity  of  the  biuners  as  well  as  the  method  of  operation. 
Intensive  working  naturally  requires  the  larger  Gay-Lusiac  capacity. 
One  per  cent  of  the  total  chamber  space  may  be  sufficient  for  English 
practice  of  22  cu.ft.  to  29  cu.ft  per  pound  of  sulphur.  Two  per  cent 
Gay-Lussac  space  may  suffice  for  the  American  practice  of  16  cu.ft.  to 
22  cu.ft.  per  pound,  but  3  per  cent  of  the  chamber  space  is  almost  neces- 
sarily required  for  intensive  working  on  the  basis  of  less  than  16  cu.ft.  per 
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pound.  As  a  matter  of  fact  it  would  be  economy  in  the  long  run  to  use 
not  less  than  2  per  cent  in  any  case  and  3  per  cent  if  the  method  of  operat- 
ing the  chambers  is  to  be  more  intensive  than  20  cu.ft.  per  pound  of 
sulphur.  These  percentages  apply  to  the  space  occupied  by  the  packing 
and  tta  interstices  and  not  to  the  total  space  within  the  lead  shell. 

Gay-Lossac  Packing.  The  packing  of  the  Gay-Lussac  may  consist 
of  coke,  but  it  is  probably  true  that  the  best  grades  of  coke  occasion  a 
considerable  loss  of  niter.  Tile  or  special  earthenware  shapes  are  widely 
employed  and  the  greatest  advantages  are  claimed  for  them,  but  in  all 
probability  pumice  on  ttie  whole  gives  the  best  result  and  only  its  expense 
is  agunst  it.  Whether  coke,  pumice  or  stoneware  is  'used  the  greatest 
care  should  be  used  in  its  selection.  Laboratory  tests  are  not  satis- 
factory for  this  purpose  and  experience  with  the  character  of  the  material 
in  actual  tower  service  should  be  the  only  guit^e  to  its  selection.  As 
with  the  Glover  tower,  the  supply  of  acid  to  the  Gay-Lussac  should  be 
as  regular  and  evenly  distributed  over  the  entire  cross-section  as  possible. 
With  the  Gay-Lussac,  however,  we  have  only  one  kind  of  acid  to  supply. 
The  sante  luting  principle  is  used,  only  the  cups  are  not  alternately  supplied 
with  a  different  kind  of  acid.  From  the  Gay-Lussac  the  gases  are  generally 
allowed  to  exit  directly  to  the  atmosphere  or  to  some  large  stack  if  one 
having  the  needed  spare  capacity  is  at  hand.  Lui^  states  that  the  Gay- 
Lussac  towers  need  not  be  lined  as  are  the  Glovers.  They  need  not  be, 
but  it  is  frequently  considered  to  be  in  the  long  run  economical  to  protect 
the  Gay-Lussac  towers  from  possible  mechanical  injury  and  from 
immediate  contact  nith  the  gases  by  a  thin  lining  of  a  single  wall  approx- 
imately 9i  ins.  Some  space  b  thus  sacrificed,  but  in  the  latter  towers 
constructed  these  days  the  proportion  of  this  space  is  relatively  small. 

The  higher  towers  require  horizontal 'joints  in  the  lead  sheets  which 
cannot  generally  be  obtained  long  enough  to  reach  to  the  bottom  of  the 
tower.  These  joints  should  always  be  made  by  lapping  and  burning  on 
the  outside  with  the  lap  hailing  down  on  the  inside.  None  of  the  main 
vertic"i  joints  should  be  near  a  comer.  The  changes  of  temperature  in 
the  Gay-Lussac  tower  are  said  to  be  less  than  those  in  the  Glover  and 
it  is  generally  stated  that  the  Gay-Lussac  sides  may  well  be  burned  to  the 
bottom  pan.  As  a  matter  of  fact,  however,  in  a  properly  lined  Glover 
the  temperature  of  the  lead  shelLis  not  greatly  above  that  of  the  atmosphere 
and  the  range  of  variation  of  the  lead  itself  is  approximately  the  same 
in  the  Gay-Lussac  and  Glover.  There  seems  to  be  no  good  reason  for 
changing  the  construction  in  this  respect.  A  similar  framework  (except 
higher  and  therefore  stronger)  and  similar  methods  of  attaching  the  sides 
to  the  framework  are  used  with  the  Gay-Lussac  that  have  been  described 
for  the  Glover. 

Orculatliig  System.  It  is  now  proper  to  desribe  in  more  detail  the 
acid  circulating  syetem  and  the  apparatus  provided  for  this  purpose.  It 
will  be  appftfeot  that  large  quantities  of  acid  have  to  be  elevated  to  the 
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tope  of  the  towers.  CalculatioD  shows  that  the  nitrous  gases  for  their 
sufficient  recovery  require  that  an  amount  of  60°  Bi.,  equivalent  to  60 
per  cent  of  the  total  production  of  the  chambers,  be  run  down  the  Gay- 
LuEsac  per  day.  In  practice  this  is  generally  90  to  150  per  cent.  When 
intensive  work  is  used,  150  to  300  per  cent  is  needed.  The  practical  limit 
is  sometimes  introduced  by  the  heating  and  concentrating  capacity  of 
tl  e  Glover.  The  denitrating  action  of  the  Glover,  however,  is  very 
largely  dependent  on  direct  action  of  SO2  (importance  of  havii^  rich 
hot  gases)  and,  if  the  chamber  acid  is  otherwise  concentrated  or  is  used 
up  in  the  riorks,  or  is  sold,  and  the  Glover  acts  mainly  if  not  wholly  as 
a  denitrator,  this  concentrating  limit  is  net  so  quickly  felt.  The  Glover 
product  must  be  always  about  60°  (77.6  per  cent)  or  the  absorption  in 
the  Gay-Lussac  will  be  unsatisfactory.  The  chamber  acid  will  not  much 
exceed  53°  B^.  (69.6G  per  cent)  and  the 
mixture  of  acids  at  the  head  of  the 
Glover  should  not  be  stronger  then  58° 
B6.  (74.36  per  cent),  preferably  lees,  if 
It  is  to  be  fully  denitrated  and  niter  is 
not  to  be  lost  as  an  impurity  with  60° 
acid  shipped  or  used.  This  58°  would 
permit  (for  the  concentration  in  the  — 
Glover  of  the  entire  "make"  of  chamber  •=/ 
acid)  the  admixture  of  two  times  this     ZJ 


*^o-  89.  Fia.  90.— Kertner  Automatic  Elevator. 

"  make  "  from  the  Gay-Lussac.  Twenty  tons  60°  acid  made  per  day 
would  thus  require  40  tons  for  the  Gay-Luasac  and  the  elevation  of  100 
tons  to  the  heads  of  the  towers  if  a  single  Gay-Lussac  were  used.  Two 
Gay-Lussacs  would  mean  the  elevation  of  more  than  140  tons  per  day. 

This  lifting  has  almost  universally  %een  done  by  compressed  air 
admitted  into  vessels,  Fig,  89.  These  "  eggs"  are  filled  with  acid  through 
a  pipe  containing  some  form  of  check  valve  that  prevents  ita  return.  Air 
is  then  automatically  or  manually  admitted  through  another  pipe.  A 
third  pipe  from  the  bottom  of  the  vessel  permits  the  acid  under  pressure 
to  leave  the  vessel  followed  by  the  rush  of  air  of  equal  or  slightly  greater 
compressed  volume  than  the  acid  pumped— a  method  wasteful  in  the 
extreme.  Fig.  90  shows  one  of  the  automatic  Kestner  lifts  attached 
to  a  small  acid  egg,  the  operation  of  which  will  be  apparent  from  the 
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Ulustration.  These  Keetner  lifts  have  been  used  for  years  by  many  of 
the  largest  acid  manufacturers  and  have  given  entire  satisfaction.'  Mod- 
erately heavy  waUed  lead  pipe  is  used  throughout  the  chamber  plant  for 
tike  transportation  of  acid. 
Recently  lead-lined  iron  pipe 
has  found  great  favor  for  that 
portion  of  the  acid  lines  sub- 
jected to  very  heavy  pressure 
(Uke  those  from  the  eggs  to 
the  beads  of  the  Gay-Lussac 
tower)  or  to  jars  by  recipro- 
cating pumps  or  lifts.  Geared 
pumps  if  made  of  iron  require 
excessive  repairs.  Stoneware 
pumps  have  not  this  objec- 
tion, but  are  hardly  safe  to 
use  above  30  lbs.  pressure  or 
40  ft.  acid-head.  Centrifugal 
pumps,  arranged  in  stages, 
have  been  tried  with  excel- 
lent success  for  low  lifts  of 
strong  acid,  but  in  the  cham- 
ber work  all  of  the  acid  is  62° 
or  weaker  and  the  necessity 
for  perfect  regularity  of  oper- 
ation makes  it  undesirable 
tff  multiply  the  mechanical 
devices  necessary  to  accom- 
plish the  single  lift.  Positive 
acting  steam  pumps  have 
been  used  successfully  for 
acid,  but  are  corroded  and  it  is  doubtful  whether  they  are  any  more 
economical  than  the  best  air  lifts  (Pohl^)  where  the  necessary  depth  is 
obt^able.  Figs.  01,  92,  and  93  show  the  general  arrangement  of  three 
different  types.  PohI4  lifts  consume  only  about  half  the  mf  required  for 
blowing  by  e^s,  furnish  a  steady  stream  like  a  pump,  are  without  moving 
parts  and  can  be  made  practically  free  from  wear.  For  small  installations 
they  are  very  satisfactory  even  for  lifting  by  stages  when  the  necessary 
depth  can  be  obt^ned  without  too  much  expense.  A  is  the  air  pipe 
throi^  which  compressed  air  is  carried  down  to  the  bottom  of  a  well  or 
shell  surrounding  the  pump  pipes,  fi  is  an  acid  pipe  connected  with  the 
tank  supplying  acid  to  be  elevated.  C  is  the  pipe  for  carrying  the  mixed 
lur  and  acid  up  to  the  point  of  delivery.    The  distance  from  the  bottom 
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of  the  acid  tank  to  the  bottom  of  the  well  or  point  of  emission  of  air  ehoutd 
be  at  least  one-half  of  the  lift  from  the  tank  to  the  point  of  delivery.  The 
three  different  arrangements  bxq  substantially  the  same  in  general  effect 
but  Fig.  93  is  to  be  preferred  because  by  this  arrangement  it  is  possible  to 
'get  at  and  remove  either  the  air  pipe  or  the  acid  supply  or  the  lifting  pipe 
without  affecting  the  general  arrangement  of  the  whole  apparatus.  Also 
at  the  head  of  the  air  lift  long  curves  (Z>,  F^.  92)  ^ould  be  used  rath^ 
than  angles  since  the  shock  of  the  alternate  plugs  of  air  and  heavy  acid 
frequently  causes  sufScient  jarring  to  injure  the  pipe.' 

Movranent  of  Gases.  The  fans  used  for  actuating  the  gases  in  the 
chamber  system  are  of  three  types,  according  to  location,  between  the 
dust  chambers  and  the  Glover,  between  the  Glover  and  the  acid  chambers, 
or  between  the  acid  chambers  and  the  Gay-Lussac. 
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In  the  first  case  a  steel  fan,'  water  cooled,  is  used  very  successfully 
in  handling  the  hot  gases;  in  the  second  place  a  regulus  metal  fan  ^  is 
frequently  used  as  that  illustrated  in  Fig.  94,  and  in  the  third  instance 
a  stoneware  fan  *  may  be  used  such  as  is  illustrated  in  Fig.  95.  Stone- 
ware fans  may  possibly  be  used  between  the  Glover  and  the  first  chamber, 
but  the  high  temperature  is  exceediagly  liable  to  cause  breakage  of  a  fan 

'  The  quantity  of  acid  handled  in  a  large  Bulphuric  add  plant  operating  on  the 
intensive  system,  is  very  great  indeed,  reaching  in  smne  instances  6000  t«Ds  a  day. 
Elevation  of  this  add  by  the  old  blowing  method  would  be  subject  to  an  almost 
prohibitive  expense,  particularly  in  view  of  the  higher  Gay-Lusaac  towers  and  the 
larger  general  scale  of  oommercial  operation.  So  far  the  best  method  of  elevating 
large  quantities  of  add  in  the  chamber  S3^tem  is  that  emplo3rcd  by  Utley  Wedge, 
This  consists  of  balanced  steel  mine  skips  attached  to  a  cable  running  over  a  hoisting 
drum  located  above  the  beads  of  the  towers  or  in  an  adjacent  boistiiiig  house. 

'  Manufactured  by  A.  P,  O'Brien,  Richmimd,  Va. 

■  Manufactured  by  the  Sturtevant  Blower  Co.,  of  Hyde  Park,  Mass. 

<  The  particular  fan  is  selected  from  the  patterns  of  the  Didier-March  Co.,  New 
York  City. 
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blade  or  of  the  entire  blast  wheel.  Running  at  such  high  speed  any 
break  might  cause  very  aerious  damage  to  the  lead  flues,  or  chambers,  or 
both.  On  the  other  hand,  the  regulus  metal  fan  (owing  to  the  heat, 
velocity  and  considerable  ni- 
ter content  of  the  gases)  is 
subject  to  rapid  corrosion. 
Such  a  fan  may  also  be  used 
between  the  chamber  and  the 
Gay-LuBsac  but,  in  this  case, 
there  is  no  objection  to  using 
the  stoneware  fan  which  is 
entirely  practical  and  abso- 
lutely permanent.  In  the 
writer's  opinion,  where  only 
one  fan  is  used  it  is  best 
located  between  the  burners 
(or  else  the  dust  chambers) 
and  the  Glover  tower,  and 
constructed  on  the  O'Brien 
principle.  Extremely  satis- 
factory results  have  been 
obtained  in  this  way.  Where  this  i»  objectionable  or  where  it  is 
desired  to  operate  with  a  balanced  draft  (two  fans)  as  recommended 
by  Falding,  the  second  fan  can  best  be  located  just  before  the  Gay- 
Lussac  tower.  For  this  purpose  the  writer  prefers  the  larger  sizes  of 
stonewaie  fans. 

Steam  jets,  formerly  considered  so  valuable,  are  an  extremely  expen- 
»ve  means  of  securing  draft  and  should  only  be  used  in  case  of  emergency 
for  which  purpose  they  are  best  located  at  the  exit  of  the  Gay-Lussac  tower. 
Beyond  question,  however,  much  can  be  done  to  reduce  the  amount  of 
power  necessary  to  secure  a  good  draft  (if  not  eliminate  mechanical  draft 
entirely)  by  judicious  selection  of  flue  cross-sections  and  of  relative  heights 
of  inlete  and  outlets. 

This  is  particularly  the  case  where  the  ground  configuration  permits 
location  of  apparatus  at  very  different  levels  without  the  building  of 
expensive  supports  and  foundations.  When  the  Glover  is  located  well 
above  the  burners,  the  chambers  set  high  above  the  ground,  when  a  tall 
Gay-Lussac  is  used  and  open  packing  employed  for  these  towers  with 
large  connecting  Sues,  natural  draft  is  generally  found  to  be  sufficient  for 
"moderate"  workiiyj.  "Intensive"  working  with  narrower  chambers, 
intermediate  towers,  laiger  percentage  of  niter  to  be  recovered  and  two 
Gay-Lussacs  more  closely  packed,  requires  forced  draft.  The  use  of 
fines  burners  and  efficient  dust  chambers  further  adds  to  the  resistance 
in  the  patlT  of  the  gases. 

Purification  oi  Su^uiic  Add.    Sulphuric  acid  as  manufactured  in 
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the  chambers,  particularly  as  concentrated  in  the  Glover  tower,  exhibits 
certain  impurities  that  are  quite  important  from  an  industrial  point  of 
view.  These  are  lead,  iron,  arsenic,  selenium,  antimony,  aluminum  salts, 
nitrous  oxides  and  nitric  acid,  platinum,  mercury,  the  alkalies,  calcium, 
end  copper.  Most  of  these  impmdties  can  be  traced  directly  to  Que  dust 
and  experiments  carried  out  during  the  develbpment  of  the  contact 
process  indicate  that  practically  all  of  these  impurities  can  be  removed 
by  filtration  provided  other  reasons  justify  sufficient  coolii^  to  permit 
thorough  filtration  before  passing  to  the  chambers.  Unfortunately, 
this  prevents  the  use  of  a  Glover  because  the  gases  cannot  be  satis- 
factorily filtered  unless  they  are  cooler  than  200"  C.  Much,  however,  can 
be  done  to  reduce  the  amount  of  these  impurities  by  the  thorough  removal 
of  dust. 

Where  pure  acid  is  required,  however,  none  of  these  preliminary  means 
will  serve.  The  acid  must  be  treated  specially  in  order  to  obtwn  the 
desired  results.  It  is  found  that  if  the  acid  is  treated  with  H2S  for  the 
removal  of  arsenic,  practically  all  other  impurities  are  removed  at  the 
same  time  and  the  acid  is  even  clarified  from  some  inert  suspended  matters 
that  are  undesirable  in  appearance  only.  If,  however,  a  thoroughly  pure 
and  limjud  acid  is  required,  there  is  practically  no  way  of  obtaining  it 
except  by  distillation  on  the  one  hand  or  the  use  of  the  contact  system 
on  the  other.  Sulphuric  acid  as  made  in  the  chambers  will  vary  in  it^ 
arsenic  content  from  about  0.1  per  cent  up  to  about  0.3  per  cent  accord- 
ing to  the  ore  used  and  the  amount  of  dust  carried  over  from  the  burners. 

Where  concentrated  acid  aloi^  with  battery  acid  is  to  be  made  by  the 
Herreschoff  system  the  easiest  way  of  disposing  of  arsenic  b  probably 
to  oxidize  it  thorot^hly  with  nitric  acid  and  heat,  after  which  the  excess 
of  nitric  is  removed  with  ammonium  sulphate.  As,  however,  the  use  of 
the  Herreschoff  system  of  concentration  is  exceedingly  limited,  two 
general  methods  of  purifying  are  most  common,  both  depending  upon 
the  action  of  sulphides  liberating  H3S.  As  acid  of  55°  B^.  acts  directly 
on  the  H2S,  decomposing  it  and  giving  o£E  sulphur  that  is  extremely 
difficult  to  remove  by  filtration,  it  is  best  in  carrying  out  the  puri- 
fication of  the  acid  to  have  it  diluted  to  about  45°  or  48°  B€.  Herein 
lies  the  chief  objection  to  the  chamber  process  for  the  making  of  pure 
acid.  The  chamber  process  should  concentrate  substantially  the  entire 
make  to  at  least  60°  B^.  by  use  of  the  Glover  tower,  simultaneously 
denitrating  all  the  nitrous  vitriol  from  the  Gay-Lussac.  If  purified 
acid  is  required,  this  concentrated  acid  from  the  Glover  must  be  diluted 
with  considerable  quantities  of  water  or  else  the  chamber  acid  must  be 
taken  and  slightly  diluted  for  the  purpose.  Then  after  purification  it  is 
practically  impossible  to  concentrate  the  purified  acid  by  the  heat  of  the 
Glover  tower,  even  when  carrying  out  the  nitration  in  another  Glover, 
without  so  far  causing  the  contamination  of  the  acid  as  to  undo  all  that 
has  been  done  by  purification.     This  explains  why  many  works  manu- 
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facturing  acid  for  the' general  trade  have  so  long  retained  the  old  system 
of  purifying  acid  direct  from  the  chambers  and  then  concentrating  it 
above  the  burners  and  finally  in  platinum  stilb.  Likewise  it  explains  the 
great  progress  made  by  the  contact  procesB  with  manufacturers  whose 
output  is  distributed  widely  to  the  general  chemical  trade. 

After  the  sulphuric  acid  has  been  diluted  to  the  necessary  strength, 
it  is  submitted  to  the  action  of  substances  producing  hydrogen  sulphide, 
or  to  the  action  of  the  gas  itself,  in  large  tanks  arranged  for  alternate 
precipitation  and  intermediate  settling  of  the  arsenic  sulphide  produced 
and  likewise  arranged  to  be  connected  alternately  with  filter  tanks  where 
the  last  traces  of  this  mud  can  be  separated  out  from  the  acid.  The 
method  most  generally  used  in  this  country  is  believed  to  be  the  purifica- 
tion by  means  of  gaseous  H2S.  This  is  prepared  by  the  action  of  sul- 
phuric acid  on  ferrous  sulphide  in  a  heavily  built  generator,  omilar  in 
principle  to  the  Kipp. 

The  hydrogen  sulphide  gas  is  supplied  to  the  acid  in  either  of  two  ways, 
tanks  or  towers.  The  objection  raised  to  the  former  is  that  the  gas  has  to 
be  pumped  throi^h  such  a  con«derable  depth  of  liquid;  this  seems  unim- 
portant when  it  is  considered  that  it  only  means  malring  the  generator 
somewhat  more  resistant  to  pressure  and  arrao^xig  the  gas  pipes  bo 
that  they  can  be  elevated  nearer  to  the  surface,  when  the  gas  generation 
is  substantially  over,  to  let  the  residual  gas  out  of  the  generator.  If 
towers  are  used,  the  acid  is  distributed  to  their  tops  in  very  much  the  usual 
way  and  they  are  carefully  packed  with  shaped  stoneware  or  brick  pieces 
of  approximately  triangular  section  so  that  no  fiat  upper  surface  can  be 
presented  for  the  collection  of  the  precipitate.  Slight  pressure  is  some- 
times used  in  the  tower  and  generally  the  exit  gases  are  scrubbed  with 
water  or  milk  of  lime  to  retwn  any  HaS  that  might  otherwise  pass  away. 
The  test  used  to  ascertain  when  purification  has  been  sufficiently  complete 
is  the  ordinary  Marsh  test.  The  acid  running  down  out  of  the  tower  is 
yellow  in  color  and  extremely  muddy.  Sometimes  part  of  the  arsenic 
sulphide  is  removed  by  preliminary  settlii^.  Others  take  the  entire 
mud  directly  to  the  filter  tanks,  false-bottom  tanks  with  grid  composed 
of  heavy  plank  covered  with  lead  or  acid-proof  brick  having  com- 
municating gutters  underneath.  In  either  case  the  grid  is  covered 
first  with  pieces  of  quartz  and  then  with  finer  material  until  the  grade  of 
ordinary  sand  is  reached  over  which  is  a  perforated  lead  sheet  to  prevent 
disturbing  the  sand  when  the  wsenic  sulphide  is  removed.  The  filtering 
layer  thus  formed  is  finally  covered  with  a  layer  of  arsenic  sulphide  dry. 
The  acid  is  run  in  carefully,  not  to  disturb  this  layer,  and  then  the  level  of 
acid  maintained  without  allowing  it  to  reach  the  surface  of  the  filter  until 
it  is  found  necessary  to  empty  the  filter  entirely  to  clean  it.  The  period 
for  cleaning  such  a  filter  is  approximately  one  to  five  weeks  according 
to  the  quantity  and  impurity  of  the  acid  used.  From  the  bottom 
of  the  tank  a  down-fiow  pipe  passes  into  a  liquid  separator  to  which 
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suction  is  applied  and  out  of  the  bottom  of  which  the  acid  flowB  into  s 
liquid  lute  provided  in  a  tank  from  12  to  18  ft.  below  accordin^to  the 
suction  to  be  used. 

A  better  practice  in  precipitating  the  fuwnic  sulphide  is  to  use  separate 
tanks  for  the  precipitation  from  those  used  for  filtraticm  and  also  a  final 
absorption  tower.  The  predpitation  tanks  are  provided  with  steam  pipes 
for  heating  and  with  perforated  pipes  for  introducing  the  H2S.  The 
latter  are  connected  from  a  general  HaS  main  leading  to  the  generator. 
Each  tank  is  covered  and  has  a  inpe  for  the  unabsorbed  H2S  which 
leads  it  to  a  small  absorbing  tower.  Down  this  tower  is  run  a  stream  of 
acid  just  sufficient  to  supply  the  capacity  of  the  purification  plant. 
That  is,  while  one  tank  is  being  treated  another  is  being  filled  t^  the  alow 
stream  of  acid  from  the  tower  and  the  rate  of  filling  of  the  second  tank 
is  so  regulated  that  it  is  ready  to  treat  by  the  time  the  other  tank  is  ready 
to  be  filled.  A  set  of  filter  tanks  is  provided  on  a  considerably  tower 
level.  Unlike  the  usual  filter  tank  these  have  a  lat^  compartment  below 
the  filter  bed  into  which  the  acid  is  conducted  from  the  tanks  above  so 
that  the  filtration  takes  place  upward  through  the  bed,  and  clear  add 
appears  above  and  can  be  syphoned  off  at  the  convenience  of  the  operatcr. 
In  the  precipitating  tanks,  the  treatment  can  be  so  arranged  as  to  allow  a 
considerable  period  for  settling  and  part  of  the  acid  can  then  be  drawn  off 
from  the  upper  tanks  directly  into  the  upper  compartment  <rf  the  filter 
tanks  sufficiently  clear  for  practical  purposes.  The  advantage  of  filtra- 
tion from  the  bottom  upward  is  that  when  the  filters  finally  become  clogged 
it  is  not  necessarytodisraantle  them  or  remove  any  of  the  material.  Instead 
the  mud  is  drawn  from  the  bottom  compartment  along  with  some  acid 
into  a  settling  tank  from  which  the  clearest  acid  can  be  returned  for 
filtration.  The  outlet  from  the  lower  compartment  is  then  switehed  to  a 
storage  tank  used  for  preparing  dilute  acid  for  the  hydn^n  sulphide 
generator  and  the  water  hose  is  turned  into  the  upper  compartment  above 
the  filter.  The  passage  of  water  downward  through  the  filter  carries 
backward  out  of  the  interstices  all  the  accumulated  arsenic  sulphide  and 
leaves  the  filter  substantially  clean  and  ready  to  start  in  agfun  on  a  new 
cycle. 

By  this  means  sulphuric  acid  conttuning  a  total  impurity  of  .05  per 
cent  can  readily  be  obtained.  The  arsenic  is  substantially  eliminated 
if  the  treatment  is  carried  out  with  gaseous  HjS,  falling  to  about  .003 
per  cent.  For  comparison  it  may  be  noted  that  the  best  contact  acid 
contwns  about  .000005  per  cent. 

Of  the  various  methods  used  for  the  precipitation  of  the  arsenic  and 
other  impurities  by  generation  of  the  H2S  within  the  liquid,  probably  the 
best,  and  certainly  the  most  frequently  used,  has  been  the  precipitation 
with  barium  sulphide.  The  advantages  presented  by  barium  sulphide 
are  two-fold.  First,  the  barium  itself  is  precipitated  as  sulphate  in  the 
liquor  and  adds  greatly  to  the  wdght  and  density  of  the  precipitate. 


SULPHURIC  ACID  173 

Second,  substantially  no  soluble  material  is  left  in  the  liquor  to  interfere 
with  subsequent  concentration  or  use  of  the  acid.  The  acid,  however, 
must  be  diluted  to  sp.  gr.  1.4  contwaing  50  per  cent  of  H2SO4.  To 
obtain  the  best  results  it  must  then  be  heated  to  about  80°  C.  and  a 
warm  solution  of  barium  sulphide  74"  to  8°  B6.  run  in  at  the  bottom 
of  the  vessel  in  such  a  manner  as  to  prevent  the  escape  of  H2S.  The  most 
convenient  way  of  doing  this  is  to  divide  the  liquid  through  as  many 
small  openings  as  will  permit  the  passage  of  the  gas  without  pluggii^ 
up  by  formation  of  the  precipitate.  These  openings  may  profitably  be 
placed  beneath  a  perforated  shelf  of  lead,  or  a  ribbed  shelf  without  perfora- 
tions but  around  the  edges  of  which  are  serrations  to  divide  the  bubbles 
of  gas  again.  The  separation  of  the  purified  liquid  from  the  mud  may 
be  carried  out  by  either  of  the  usual  filtration  methods.  The  oidy  objec- 
tion presented  by  the  barium  sulphide  treatment  is  that  the  purification 
cannot  be  carried  so  ^ar  in  this  way.  Nearly  double  the  amount  of  arsenic 
remans  in  the  acid.  This  can,  of  course,  be  removed  by  subsequent 
treatment  with  gaseous  H2S,  but  if  the  treatment  by  gas  is  to  be  under- 
taken, the  whole  operation  might  better  be  carried  out  by  the  gaseous 
method. 

The  Concentration  of  SuliAuiic  Add.  Two  f^'stems  of  concentration, 
illustrating  the  wide  range  of  principles  employed  in  practice,  will  be 
described. 

The  first  mstallation,  Figs.  96  and  97,  will  be  that  hkely  to  be  found 
in  a  chemical  plant  manufacturing  a  good  grade  of  66°  acid;  according 
to  methods  at  the  disposal  of  one 
who  does  not  control  or  care  to  pay 
royalty  upon  contact  processes.  The 
acid  will  have  been  purified  in  some 
manner,  probaUy  by  the  use  of  H2S 
gas,  and  will  be  approximately  46" 
B4.  Lump  burners  will  be  found 
of  the  usual  type  except  that  prob- 
ably the  flue  above  the  arches  will 
be  somewhat  higher  at  one  end. 

The  common  fine  above  the  burner  is  crossed  at  suitable  intervals 
with  supporting  beams,  set  in  reinforced  concrete.  Beginning  with  the 
burner  furthest  away  from  the  supply  of  acid,  the  fiue  is  very  low,  increas- 
ing in  height  toward  the  acid  supply  end.  This  results  from  the  successive 
rise  <rf  the  lead  pans  to  allow  for  the  downward  flow  of  the  acid.  Upon 
these  protected  I-beams  are  laid  cast-iron  plates,  ij  ins.  thick  at  the  lower 
end  and  1  in.  at  the  upper  end  furthest  away  from  the  burner  arch.  Passing 
backwaid  along  the  flow  of  the  acid  each  of  the  beams  is  raised  1  in. 
higher  than  the  preceding.  On  the  iron  plates  a  layer  of  coarse  sand  is 
placed,  as  thin  as  can  be  made  with  absolute  certainty  of  everywhere 
having  a  separation  of  sand  between  the  iron  and  lead  in  order  to  prevent 
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immediate  contact  between  them,  as  these  points  would  thus  become  ovet^ 

heated  and  cause  excessive  corrosion  of  the  lead.    Two  or  three  layers 

of  thin  asbestos  paper  may 

be  used  instead  of  the  sand. 

The  pans  vary  gradually 

,  -  in  depth  from  8  to  14  ins. 

and  Vary  also  in  thickness, 

from  25  to  10  lb.  lead  being 

used.    After  the  pans  are 

all  in  place  the  long  double 

edges  where  they    abut, 

Fio.  97.  are  bent  over  to  form  lips. 

The  direct  flowing  of  the 

acid  over  these  Ups  is  not  altc^ther  dearable,  first  because  it  weare  the 

hp,  and  second  because  the  2  ins.  left  below  the  top  of  the  pan  does  net 

give  a  sufficient  factor  of  safety  in  case  of  temporary  obstruction  to  the 

flow.    For  the  transfer  of  the  acid  under  ordinary  ciroumstances,  therefore, 

a  small  syphon  hung  in  this  lip  is  preferred. 

From  the  series  of  pans,  Fig.  97,  the  acid  continues  itR  downward 
flow  into  another  series  of  pans,  which  may  immediately  adjoin 
the  first  series  or  be  located  in  an  «itirely  different  building.  These  pans 
utilize  the  waste  heat  from  the  higher  concentration  apparatus  to  be 
described,  and  are  located  over  the  flue  supported  on  perforated  cast- 
iron  plates.  These  plates  give  a  larger  output  with  entire  safety  and 
better  fuel  economy,  but  do  not  serve  to  protect  the  flue  below  as  do 
the  solid  plates  rimmed  around  the  edge.  The  acid  then  flows  from 
the  pan  to  the  platinum  still,  the  rate  of  flow  being  r^ulated  auto- 
matically. 

Platinum  Stills.  Many  shapes  and  patterns  of  platinum  stills  have  been 
defflgned  and  special  advantages  claimed  for  each.  In  all  probability 
the  net  result  is  just  about  the  same  in  the  long  run  except  that  the  lower 
and  longer  pans  are  more  economical  of  platinum.  Some  stills  are  pro- 
vided with  baffle  partitions  causing  a  circuitous  flow  of  the  acid  through  the 
still,  the  advantage  claimed  for  these  being  that  a  better  concentration 
is  obtained  in  a  single  operation.  Against  this  must  be  set,  not  only 
the  small  increase  in  platinum,  but  also  the  very  great  increase  in  liability 
to  leakage  and  in  irregular  strains  on  the  bottom  of  the  pan.  Corrugated 
bottoms  are  used  in  some  patterns  of  platinum  still.  They  present  about 
60  per  cent  more  surface  for  transfer  of  heat,  but  on  the  other  hand, 
increase  to  some  extent  the  difficulty  of  making  »de  joints  and  con< 
aequently  the  liability  to  leakage.  They  have,  however,  the  advantage 
of  stiffening  the  bottom.  IJning  with  gold  has  been  found  to  greatly 
increase  the  life  of  the  platinum  pan  and,  at  the  present  relative  prices 
of  gold  and  platinum,  is  a  very  marked  saving.  Gold  re^sts  about  seven 
times  as  well  as  platinum.     The  gold  is  not  plated  on  or  attached   by 
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dipping,  but  must  be  attached  by  the  method  invented  by  one  of  Heraeus's 
aasistants.  The  overheated  gold  is  poured  on  top  of  the  platinum  ingot 
heated  nearly  to  fusion,  forming  a  double  ingot  which  is  then  rolled  into 
the  sheet  to  be  made  up  into  stills. 

The  chief  agents  injurious  to  the  stills  are  the  hydrogen,  carbon, 
sulphur  and  silica  (from  the  fire  gases,  causing  crystaUization  and  brittle* 
ness  of  the  platinum) ,  or  mercury  (forming  amalgam)  or  iron  and  aluminum 
sulphate  with  traces  of  calcium  sulphate,  magnesium  sulphate,  lead  sul- 
phate and  silica  (from  the  acid  in  the  stills,  forming  crusts  and  tending  to 
cause  local  overheating,  undue  mechanical  strain,  and  possibly  chemical 
mjury). 

A  pair  of  stills  which  with  accessories  weighs  about  100  lbs.  and  cost 
$75,000  in  1913,  now  would  cost  about  $150,000. 

The  prohibitive  cost  of  platinum  ($105  per  oz.)  makes  it  temporarily 
obsolete.  Better  deigned  stills  with  tile  lining,  Kestner  stills,  towers, 
or  silica  dishes  in  cascade  are  rapidly  replacing  it. 

Where  concentration  of  sulphuric  acid  is  to  be  carried  out,  it  ia  often 
found  to  be  desirable  to  remove  the  last  traces  of  lower  oxides  of  nitrogen. 
This  is  best  done  by  addition  of  ammonium  sulphate,  liberating  the  nitro- 
gen as  such.  Nitrosyl  sulphuric  acid  reacts  with  aumionium  sulphate 
as  follows:  2N02HOS02+(NH4):S04  =  3H2S04+2H20+4N.  With 
NaOa  the  reaction  is  N203+2NH3=3H30+4N.  With  nitric  acid, 
3HN03+5NH3  =  9H20+8N.  Ordinarily  about  .1  to  .5  per  cent  of  am- 
monium sulphate  is  required.  It  has  been  foimd  that,  while  the  reac- 
tion of  nitrosyl-sulphuric  and  HiO^  is  rapid,  with  nitric  it  is  slow.  There- 
fore the  presence  of  nitric  acid  in  sulphuric  to  be  concentrated  nitrous-free 
should  be  as  far  as  possible  avoided  and  as  an  sdded  precaution  it  is  well 
to  add  the  aimnonium  sulphate  far  enough  in  advance  that  it  may  have 
ample  chance  to  be  heated  and  boiled  with  the  acid  for  a  considerable 
time  before  passing  to  the  still.  This  is  most  conveniently  carried  out 
in  the  present  installation  by  the  addition  of  the  ammonium  sulphate  to 
one  of  the  earlier  pans.  Of  course  where  purified  acid  is  being  treated, 
as  in  the  particular  installation  described,  the  addition  of  ammonium 
sulphate  will  hardly  be  necessary. 

What  has  been  for  many  years  regarded  by  some  as  the  most  perfect 
type  of  concentrating  apparatus  for  sulphuric  acid,  is  the  still  or  furnace 
which  was  invented  by  Mr.  L.  Kessler,  securing  from  the  French  National 
Society  for  the  Encouragement  of  Industry  the  first  gold  metal.  Since 
its  original  development  in  1890  the  apparatus  has  been  improved  in 
minor  details,  but  it  is  substantially  the  same  and  still  remains  one  of  the 
best  for  the  concentration  of  sulphuric  acid  that  has  ever  been  developed. 
Fig.  98  shows  the  arrangement  of  the  Kessler  apparatus.  Fig.  99  and 
100  is  a  detail  of  the  portion  in  which  the  hot  gases  first  come  in  contact 
with  the  acid,  and  also  of  that  portion  of  the  apparatus  in  which  the 
preliminary  concentration  is  carried  out.    In  C,  Fig.  98,  a  deep  coke  fire 
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U  built,  ui&king  it  pr&ctically    a    coke    producer-gas   inst^ation,  and 

ports  are  provided  above  the  fire  for  the  admission  of  a  regulated  supply 

of  excess  oxygen  for  burning  the  carbon 

monoxide  produced  in  the  coke  fire.     An 

excess  of  this  oxygen  is  allowed  so  as  to 

somewhat  reduce  the  temperature  of  the 

gas  and  the    heated   gases  are  takes 

through  the  fiue  into  the  saturex  at 

about  900°  C.    The  first  apparatus  is 

called  the  gasogen  or  gas-making  appa-  9 

ratus.    It  is  built  entirely  of  brick  prop-  9 

erly  buck-stayed,  provided  with  a  simple  ^ 

and  convenient  grate  and  an  opening  in  ¥ 

the  top  for  supply  of  coke.     The  fire  is 

built   80  that  it  requires  attention  not 

more  than  twice  during  the  twenty-four 

hours    and    sometimes    only   once     in 

twenty-four  hours.     During  this  period  of  ^"^-  98. 

replenishing  the  fire  a  damper  permits 

entire  shutting  off  from  the  concentrating  apparatus  so  that  any  dust 

formed  during  this  period  of  disturbing  the  fire  is  not  carried  into  the 

acid.    The  duration  of  this  interruption  does  not  exceed  one  hour,  and 

with  proper  equipment  may  be  completed  in  half  an  hour  or  less,  the 

larger  part  of  this  time  being  given  to  clearing  the  fire  of  dust  by  allowing 

it  to  bum  directly  up  the  stack  for  a  few  minutes.     After  the  gases  above 

the  fire  have  become  clear,  the  damper  is  opened  and  the  heated  gases 

admitted  directly  to  the  saturex. 

The  saturex  in  which  the  final  concentration  is  carried  out  consists 
of  a  volvic  lava  box  carefully  fitted  and  joined  with  acid  cement,  sur- 
rounded by  a  packing  of  extremely  fine  quartz  sand,  all  of  which  is  encased 
in  lead.  Openings  to  this  ^ox  with  volvic  lava  plugs  are  provided  at  the 
points  C,  Fig.  99,  so  that,  with  considerable  ease,  the  covering  plates  may 
be  removed,  the  plugs  withdrawn,  and  any  mud  which  collected  in  the 
apparatus  taken  out.  Supported  on  blocks  set  in  the  bottom  of  the 
basin,  are  partitions  extending  from  the  top  nearly  to  the  surface  of  the 
acid.  They  are  so  arranged  that  the  gas  entering  by  the  flue  cannot  pass 
out  of  the  box  through  the  opening  in  the  cover  to  the  plateau  or 
preliminary  apparatus,  without  passing  under  these  partitions.  Also 
they  are  so  arranged  as  to  give  the  greatest  length  of  narrow  opening 
between  the  bottom  of  the  partitions  and  surface  of  the  acid.  From 
here  the  gases,  more  or  less  laden  with  moisture,  and  containing  some 
suspended  or  entrained  particles  of  acid  and  some  anhydride  fume,  pass 
upward  from  the  saturex  into  the  plateau.  The  action  of  the  saturex 
is  not  generally  well  understood.  As  a  matter  of  fact  the  gases  are  not 
merely  blown  in  a  thin  stream  across  the  surface  of  the  acid,  as  is  gen- 
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erally  supposed.  Instead,  when  the  draft  is  started,  small  waves  are  made 
upon  the  surface  of  the  acid  which  gradually  increase  until  they  begin 
to  touch  the  bottom  surface  of  the  curtain.  The  instant  this  happens  a 
rather  violent  agitation  takes  place  accompanied  by  strong  bubbling  and 
splaslvig  of  the  acid  so  that  the  mixture  between  the  acid  and  the  gases 
is  much  more  thorough  than  is  generally  thought.    An  enormous  surface 


Fia. ». 

is  in  this  way  exposed  to  evaporation  by  contact  with  gases  of  very  high 
temperature.  The  entrance  temperature  of  the  gases  approximates  900"  C, 
but  the  evaporation  cools  the  gases  so  rapidly  that  there  is  very  little 
decomposition  of  the  acid  in  the  saturex.  In  making  98  per  cent  that 
boils  at  320"  C.  concentrated  acid  leaves  the  saturex  at  about  240". 
Whatever  is  decomposed  is  carried  up  into  the  plateau  and  largely 
recovered,  being  brought  back  with  the  weaker  acid.  The  process  of 
concentration  is  really  one  of  drying,  almost  like  a  partial  vacuum 
concentration,  because  the  fresh  gases  are  continually  blown  across  the 
surface  of  the  acid  and  carry  away  the  water  with  the  gases  rather  than 
compelling  evaporation  into  a  saturated  atmosphere.  The  temperatures 
throughout  the  apparatus  are  much  lower  than  ordinarily  correspond  to 
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the  concentration  made.  The  ease  with  which  97  or  98  per  cent  acid  may 
be  made  and  the  small  amount  of  fuel  required  for  that  purpose,  are 
marked  advantages  of  this  type  of  concentrating  apparatus. 

The  gases  passing  up  into  the  plateau  carrying  much  entrained  acid, 
BOtre  SO3,  with  oxygen  and  traces  of  SO2  from  the  decomposition  of  the 
sulphuric  acid  below,  find  their  way  upward  only  through  certaia  holes 
in  the  plateau  or  shelves,  each  of  these  holes  being  covered  by  a  calotte 
or  hood  having  a  serrated  lower  edge.  The  serrated  covers  break  up  the 
gases  passing  upward  and  compel  them  to  bubble  up  through  the  layer  of 
acid  tying  upon  the  plateau.  Evaporation  is  carried  out  on  five  successive 
levels  and  dilute  acid  being  fed  in  at  the  top  of  the  plateau  is  rapidly 
concentrated,  at  the  same  time  recovering  from  the  uprising  gases  prac- 
tically all  of  the  sulphuric  acid  which  they  contain  and  absorbing  some  of 
the  SOs-  The  contact  between  the  gases  and  the  liquid  is  so  thorough 
that  when  the  gases  pass  out,  their  temperature  has  fallen  to  about  95°  C. 
From  the  top  of  the  plateau  column  the  gases  are  drawn  through  the  flue 
into  the  coke  box  or  filter  box  b,  Fig.  98,  There  they  are  passed  down- 
ward through  a  coke  bed  which  rests  upon  a  grilled  false  bottom  composed 
of  iron  pipes  covered  with  lead.  Herein  are  caught  practically  all  of 
the  suspended  particles  of  H2SO4  which  have  succeeded  in  passing  the 
plateau,  and  a  slight  amount  of  SO3  in  its  suspended  condition  which 
IS  literally  filtered  out  of  the  gases. 

Following  these  general  principles  many  tunnels  of  brickwork  with  a 
tall  tower  packed  with  quartz  have  been  successfully  used  for  concentrat- 
ing acid  either  by  hot  gases  from  coke,  oil,  or  even  natural  gas  fires  between 
1914  and  1917.  Some  of  these  have  proven  unsatisfactory  and  hasty  war 
construction  has  caused  considerable  trouble. 

Since  the  extraordinary  war  demand  for  concentrated  acid  and  pro- 
hibitive prices  of  platinum,  large  numbers  of  cascade  systems  have  been 
installed.  These  consist  of  a  long  inchned  bench  of  brickwork  supported, 
in  part  on  structural  steel  and  provided  under  the  right-hand  end  in  Fig. 
98  with  a  grate  and  long  fire  box  for  complete  combustion  of  gases.  The 
hot  gases  then  pass  up  through  perforations  in  the  arch  into  a  long  flue, 
the  top  of  which  is  formed  of  special  tiles  having  large  holes  for  supporting 
evaporating  dishes  of  fused  quartz  (silica  ware)  or  special  iron  (Tautiron 
or  Duriron).  These  dishes  are  generally  round  over  the  hottest  part  of 
the  flue,  but  may  be  made  square  further  back  without  too  great  danger 
of  breakage.  Each  dish  has  an  elongated  spout  out  of  which  the  slow 
stream  of  acid  pours  or  "cascades"  mto  the  dish  next  below.  As  the 
acid  becomes  more  concentrated,  it  gives  off  acid  fumes  and  the  lower 
part  of  the  cascade  is  therefore  covered  over  with  large  slabs  or  tiles,  four 
of  which  are  provided  with  holes  connected  to  pipes  of  silica  and  stone- 
ware for  carrying  ofE  these  gases  to  water-cooled  lead  condensers.  Here 
the  stronger  acid  may  be  first  condensed  and  returned  with  the  feeding 
acid  of  the  system  while  the  aqueous  vapor  is  allowed  to  pass  off  entirely. 
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Such  cascades  had  wholly  superseded  platinum  stills  in  England  even 
before  the  war  and  have  done  the  same  here  in  the  last  few  years  for 
smaller  umt&    Most  large  units  are  tunnel  and  tower  systems. 

Storage  and  Packing  of  Su^hiuic  Add.  Unless  the  entire  product 
is  to  be  used  at  the  plant  where  it  is  made,  it  is  necessary  to  store 
the  acid  prior  to  shipment.  It  b  best  to  store  66°,  98  per  cent  acid,  and 
oleum  in  riveted  steel  tanks  generally  of  lai^  capacity,  emptied  either 
through  a  foot-valve  in  the  bottom  surrounded  by  a  low  upstand  to  pre- 
vent the  drawing  of  mud,  or  at  various  levels  through  the  side,  where 
specially  constructed  valves  having  stoneware  plugs  and  seats  are  used 
to  avoid  the  gradual  leakage  that  occurs  when  iron  valves  are  used.  As 
these  storage  vessels  are  much  too  large  to  permit  the  application  of  aai 
pressure  for  the  eLar>ating  of  the  acid,  it  is  customary  to  locate  them  on 
structural  steel  or  concrete  supports  high  enough  to  run  the  acid  by 
gravity  into  cars.  It  is  customary  to  make  these  tanks'  flat  bottomed, 
circular  and  hemispherically  domed.  Sometimes  lower  domes  are  used 
to  advantage.  Horizontal  tanks  shaped  like  boilers  are  used  where  it  is 
necessary  to  apply  pressure  and  the  storage  vessels  cannot  be  elevated 
to  deliver  by  gravity.  For  storing  acid  of  60°  Bi.  or  less,  certainly  for 
50°  B^.,  lead-lined  storage  vessels  are  preferable.  These  are  generally 
wooden  tanks  strongly  stayed  and  lined,  with  10-lb.  lead  throughout. 
In  some  instances  very  satisfactory  storage  vessels  have  been  made  by 
building  reinforced  concrete  tanks,  painting  the  interior  of  these  tanks 
with  pitch  and  lining  the  tank  with  lead.  The  foot-valve  arrangement 
with  porcelain  plug  and  seat  can  be  used  in  either  case.  The  seat  of  the 
valve  is  set  by  locating  it  in  place,  supported  from  below  by  a  few 
strips  of  wood  or  similar  material,  and  then  pouring  in  melted  sulphur 
all  around  it.  To  make  a  satisfactory  joint  great  care  should  be  used 
to  have  the  metallic  surface  as  well  as  the  outside  surface  of  the 
,  seat  clean  and  dry  and  the  sulphur  should  not  be  too  cool.  Also  the 
porcelain  valve  seat  should  be  carefully  warmed  up  so  that  contact  with 
the  hot  sulphur  does  not  crack  it.  These  plug  valves  are  operated  either 
by  screw  stem  or  by  lever.  Throughout  the  works  where  frequent  open- 
ing and  closing  Is  necessary,  and  acid  distributed  through  more  or  less 
complex  lines,  asbestos-seated  iron  plugs  or  cocks  are  used  with  great 
satisfaction,  but  should  be  systematically  operated  every  day.  Valves 
which  are  not  often  touched  for  years  and  yet  which  should  be  ready  for 
emergency  service,  are  much  better  installed  with  a  stoneware  plug  and 
seat  in  a  loose-fitting  cast  iron  socket  riveted  on  the  tank  bottom. 

A  blow-off  pipe  2  ins.  in  diameter  should  be  allowed  near  the  center 
of  the  tank  extending  fairly  well  down  away  from  the  manhole  plate  so 
that  the  blast  of  air  which  follows  blowing  the  e^  into  the  tank  may  And 
free  access  to  the  outside  atmosphere.  Through  this  pipe  a  rod  or  chain 
may  be  dropped,  or  better  connected  to  the  float  inside  the  tank  and 
carried  over  a  couple  of  pulleys  to  an  indicating  weight  on  the  outsid? 
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of  the  tank,  so  that  it  is  practically  never  necessary  to  open  the  tanks  in 
order  to  ascertain  the  amount  of  acid  therein  and  the  only  occasion  for 
loosening  the  manhole  is  the  cleaning  out  of  the  tank,  perhaps  once  in  a 
year  or  two.  In  thb  manner  the  corrosion  of  the  interior  is  very  much 
reduced  and  the  life  of  the  tank  greatly  increased. 

Sulphuric  acid  is  shipped  in  tank  cars,  tank  wagons,  drums  and  car- 
boys. A  tank  car  is  a  flat  car  upon  which  a  steel  tank  of  cylindrical 
shape  is  secured  on  its  side  by  necessary  tie  rods  and  end  blocks.  The 
ci^MUiities  of  tanks  thus  used  vary  from  60,000  lbs.  to  160,000  lbs.,  the 
thickness  of  sheet  steel  used  beii^  about  j  in.  On  the  bottom  is  generally 
provided  a  small  sump  or  well  into  which  the  "  blow-off "  pipe  dips  to 
empty  the  tank  as  completely  as  possible.  Sometimes  a  foot-valve  or 
cock  is  provided  on  the  bottom  of  the  tank  for  emptying,  but  the  better 
practice  b  to  blow  the  acid  out  of  the  tank  with  compressed  air  and  to . 
have  only  a  well-bolted  flanged  nipple  on  the  bottom  for  cleaning.  The 
tanks  are  preferably  provided  with  a  dome  having  a  manhole  plate. 
PassiiME  to  the  bottom  at  one  side  of  the  manhole  is  the  blow-off  pipe 
provided  with  a  cock  or  valve  to  be  shut  off  during  transit,  or  better  with 
a  blanked  flange  union.  Either  near  to  the  blow-off  pipe  or  on  the  oppo^te 
side  of  the  manhole  plate  is  the  air  pipe  extending  just  inside  the  dome 
provided  with  a  cock  and  a  cap  to  protect  the  threads. 

Drums  are  generally  made  of  light  sheet  steel  similar  to  glycerine 
drums.  Various  sizes  hold  between 500 and  1600  lba.of  acid.  Thedrums 
are  generally  provided  on  one  side  with  a  tapped  malleable  iron  boss, 
2  in.  hole,  with  a  screw  plug  served  with  a  lead  or  asbestos  gasket.  The 
carboys  in  which  small  quantities  of  sulphiuic  acid  are  shipped,  hold  about 
ISO  Ibe.  of  66°  acid,  consist  of  glass  bottles  (10  g^.  or  12  gals.)  protected 
from  breakage  by  a  casing  of  some  sort.  In  this  country  they  are  gen- 
erally enclosed  in  wooden  boxes  and  packed  in  hay,  the  packing  beit^ 
thoroughly  rammed  down  under  and  around  the  carboy  before  the  cover 
is  padded  on  and  nailed  down.  Sometimes,  particularly  for  nitric  acid, 
a  patented  packing  is  used  made  of  old  rubber  hose  nailed  to  the  inside 
of  the  box.  Vitrified  stoneware  cones  generally  serve  for  stoppers,  beii^ 
made  tight  with  "  putty  "  or  plaster  of  Paris,  and  tied  down  with  chei^ 
jute  b^^ng. 

Tlie  Ccmtact  Process.  The  name  is  derived  from  the  fact  that  by 
mere  "  contact "  with  a  so-called  catalytic  material,  the  SO2  of  burner 
gaaea  and  the  oxygen  of  the  residual  ur  are  caused  to  unite  to  form  SO3, 
which  is  then  either  separated  out  by  cooling  (not  usual)  or  absorbed  in 
sulphuric  acid  of  high  strength,  either  mainttuning  the  strength  of  this 
acid  against  the  dilution  by  weaker  acid  (or  water),  or  else  increasing 
the  strength  of  the  absorbing  acid  above  100  per  cent  by  the  absorption 
of  SO3  in  HaSO*.  When  the  acid  arrives  by  absorbing  SOs  at  a  strength 
at  about  106  per  cent,  equivalent  to  26.8  per  cent  per  SO3  dissolved 
in.H3S04,  absorption  becomes  alow. 
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The  word  catalytic  is  something  of  a  cloak  for  ignorance.  Betwe^i 
the  temperatures  of  300°  C.  and  900°  C.  the  mere  presence  oi  platjnum 
in  a  finely  divided  state,  or  platinum  black  serves  to  very  greatly  accel- 
erate the  reaction  SOa+OtiSOs.  At  first  dght  the  platinum  black 
appears  to  take  no  part  in  the  reaction.  It  merely  glows  and  gives  off 
beat.  The  action  starts  dbout  325°,  and  is  most  complete  between 
400  and  450°.  Similar  but  less  effective  resulte  are  obtained  at  higher 
temperatures  with  ferric  oxide,  particularly  ferric  oxide  containing  a 
little  copp»  oxide;  also  chnnnium  oxide  and  even  hot  silica  and  quartz 
assist  the  rate  of  progress  toward  equilibrium.  It  may  seem  that  none 
of  these  materials  take  part  in  the  reaction,  but  probably  each  of  them 
does  in  one  way  or  another.  Particularly  is  this  the  case  with  oxides 
of  iron,  coppo*,  chromium  and  with  the  sulphates  of  alkalies  and  alkali 
earth  metals.  In  the  light  of  more  recent  knowledge,  the  ori^nal  meaning 
of  "  catalytic  "  must  therefore  be  abandoned  or  modified  to  the  extent 
that  a  catalytic  reaction  may  be  defined  as  a  reaction  which  leaves  one 
of  the  aBoeting  compounds  substantially  unaltered  after  the  completion 
of  the  reaction.  Accordii^  to  the  law  of  mass  action  such  a  catalyte  or 
intermediate  reacting  compound  is  not  to  be  expected  to  affect  the  ultimate 
equilibrium  of  the  reaction,  that  is,  the  final  extent  to  which  the  reactiwt 
proceeds  in  an  infinite  length  of  time.  The  function  of  the  catalyte  is 
merely  to  affect  the  rate  at  which  the  reaction  proceeds,  and  thus  to  give 
it  sufficient  rapidity  to  be  of  practical  interest.  Sulphur  dioxide  and  oxygen 
unite  to  some  extent  (at  a  very  slow  rate  at  350°  to  375°  C.)  whether  ot 
not  a  catalyte  be  present.  The  presence  of  a  suitable  catalyte  (possibly 
acting  as  a  carrier  of  oxygen,  similar  in  effect  to  the  lower  oxides  in  the 
chamber  process)  greatly  increases  the  rate  of  reaction  so  that  the  sulphur 
dioxide  and  <Hcygen  at  375°  to  450°  combine  rapidly  and  produce  sulphur 
trioxide  with  nearly  theoretical  c(»npletene8s. 

We  are  apt  to  think  of  the  contact  process  as  the  development  of  the 
last  twenty  years,  overlooking  the  enormous  amount  of  effort  that  for 
nearly  a  century  was  spent  in  the  right  direction,  but  just  miasng  some 
litUe  step  which  was  important.  Until  about  1870,  however,  there  was 
no  great  commercial  demand  tor  very  strong  sulphuric  add.  Then  the 
demand  came  with  the  invention  of  alizarin,  followed  by  the  n^adfy 
increaring  donand  for  the  artificial  product.  In  1875  Clemens  Winkler 
published  some  of  the  results  of  his  efforts,  discua^ng  first  the  inadequacy 
of  the  old  methods  of  producing  fuming  acid  (distillation  of  sulphates) 
and  then  his  own  attempt  to  syntbesize  SOs,  recommending  platinized 
asbestos  for  the  purpose,  but  making  an  error  which  possibly  delayed  the 
development  of  the  contact  process  more  than  twenty  years.  Contraiy 
to  Guldba^  and  Waage's  law  of  mass  action,  even  then  well  known,  be 
stated  that  stoichiometric  proportions  of  gases  should  be  used.  As  a 
matter  of  fact,  we  know  to-day  that  it  is  the  excess  of  oxygen  present  with 
these  gases,  which  gives  us  as  complete  a  ctmvermon  as  is  now  commdV 
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cmlly  obtuned.  We  know  also  that  the  presence  of  the  nitrogen  has  little 
effect,  merely  serving  to  dilute  the  gases  slightly,  placing  them  under  a 
leas  partial  preesure  and  only  in  that  way  slightly  affecting  the  com- 
pletenesB  of  the  reaction.  For  twenty-five  years  his  error  was  repeated 
in  one  text^book  after  another.  Winkler  himself,  however,  pureued  his 
work  technically  at  Freiberg,  much  more  ratlonaUy  than  any  of  his 
publications  indicated.  In  1878  he  used  sulphur  dioxide  and  air  and 
in  1881  already  had  large  plants  in  operation  and  continued  to  perfect 
the  process  till  1890  or  later.  In  1881  Knietsch  took  up  the  work  ae 
Ludw^shafen  on  the  Rhine,  and  in  1896  patented  the  cooling  of  ths 
contact  chamber  to  remove  the  excessive  heat  of  reaction  which  cause. 
a  reverse  reaction,  decom[x»ee  SO3  and  prevents  complete  convermont 
Equilibrium  was  reached  almost  as  quickly,  with  more  complete  con- 
version into  sulphur  trioxide,  and  .the  heat  was  used  to  preheat  the  in- 
cfflning  gases.  Also  quite  independently  of  Winkler  at  Freibei^,  Knietsch 
showed  the  influence  of  numeipus  impurities  that  occurred  in  burner  gas 
from  the  continued  activity  of  the  platinum  contact  mass  and  devised  a 
very  complete  method  of  purifying  burner  gases  which  was  patented  by  hJTn 
in  1898.  Somewhat  ramilar  work  was  carried  out  more  or  lees  indepen- 
dently by  Herreschoff  and  Fei^uson  in  this  country  ayear  or  so  later.  About 
the  same  time  Clemm  and  Hasenbach  developed  the  iron  contact  aa  a  first 
stage  of  oonveision  combined  with  the  platinum  contact  as  a  second  stage. 

These  investigators  showed  that  arsenic  trioxide  and  arsine  poisoned 
the  platinum  contact  mass,  largely  redudng  its  powers  of  CQnveruon 
until  after  the  arsenic  has  been  removed.  The  iron  contact  mass  is  not 
injured  by  the  presence  of  some  copper  or  even  a  considerable,  amount  • 
of  arsenic,  but  on  the  contrary  its  activity  is  increased.  On  the  plati- 
num mass  the  volatile  compounds  of  selenium,  antimony,  lead  and 
some  other  metalloids,  have  a  poisonous  effect  though  less  marked.' 
Chlorine,  hydrochloric  or  hydrofluoric  acid  temporarily  reduce  its  activity; 
mlicon  tetrachloride  deposits  silica  which,  like  dust  or  any  other  sus- 
pended matter,  covers  tJie  contact  mass  from  ready  access  to  the  gases.  Two 
great  difficulties,  therefore,  stood  in  the  way  of  carrying  out  the  reaction 
completely,  i.e.,  to  the  extent  of  95  to  98  per  cent  of  the  theoretical,  and  its 
commercial  application.  These  were :  first,  the  heat  generated  by  the  com- 
bination  of  the  gases,  tendii^  to  elevate  the  temperature  of  the  gases  to  such 
an  extent  that  instead  of  continuing  their  union,  they  reached  equilibrium 
between  dissociation  and  union  owing  to  elevation  of  temperature;  second, 
the  poisoning  or  inhibiting  acti<m  of  impurities  upon  the  platinum  mass, 
these  impurities  being  brought  over  in  the  gases  from  the  burners. 

Construction  of  Contact  Plant.  In  order  to  illustrate  the  various 
principles  used  in  the  construction  of  contact  plants,  it  would  be  necessary 
to  describe  a  number  of  different  plants  more  or  less  in  detul  provided 

'  For  the  belt  detailed  disciu^on  <rf  the  Contact  I^ooess,  se^  Lun^,  "  SulpbuTi; 
A«d  and  AlksU/'  Hiird  Edition,  Vol.  I,  part  2,  p.  975, 
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actual  installations  were  used  to  illustrate  the  principles.     Instead  of  that 
a  typical  arrangement  of  the  installation  is  given  in  Fig.  101,  in  the  form 


Fio.  101.— DiagrammBtic  Contant  Plant. 

of  a  schematic  diagrun  which  will  be  described  in  detail  and  which  illus- 
trates the  principles  used  in  the  majority  of  the  contact  plants  in  this 
country,  and  it  vill  then  be  indicated  what  portion  of  this  installation  can 
be  left  out  to  operate  under  various  separate  principles  that  are  in  use. 
Air  enters  at  the  openii^  A  into  a  drying  tower  B  filled  with  quartz 
or  other  loose  material  down  through  which  strong  sulphuric  acid  is 
flowii^.  The  lur  pwBee  up  throi^h  this  tower  and  on  its  way  is  almost 
completely  dehydrated.  It  then  passes  down  by  the  pipe  Si  to  the 
pyrites  burners  C  into  the  cinder  pit  under  which  it  b  admitted  by  the 
pipes  B2,  Bs,  Bi,  etc.  The  doors  of  these  burners  C  are  of  two  kinds, 
upper  and  lower,  the  upper  being  for  the  insertion  of  the  pyrites  and 
the  lower  for  the  removal  of  the  cinder.  Both  of  these  should  be  made 
as  tight  as  possible  by  the  use  of  asbestos  gasketa  and  screw  spiders  or 
similar  devices.  Through  the  flue  above  these  burners  the  gases  pass 
into  a  contact  shaft  D  where  they  pass  over  the  cinder  produced  by  the 
burners.  This  cinder  is  removed  through  the  doors  C2  from  the  burners, 
is  screened  in  order  to  remove  dust  and  a  portion  of  it  is  then  put  in 
through  the  funnel  into  the  contact  shaft  D.  About  10  per  cent  of 
the  cinder  is  used  to  advantage  in  this  way.  The  necessity  for  renewing 
the  cinder  arises  through  the  accumulation  of  dust  in  the  interstices 
and  the  fact  that  the  cinder  gradually  becomes  so  saturated  with  arsenic 
and  other  impurities  that  it  does  not  react  promptly.  The  chief  con- 
sideration, however,  is  the  reductaon  of  draft  by  stoppii^  up  of  the  inter- 
stices with  dust.  A  portion  of  the  cinder  may  then  be  shaken  down 
into  the  cinder  pit  of  the  contact  shaft  and  removed  by  the  door  Di. 
By  the  heat  of  the  gases  direct  from  the  burners  this  contact  shaft  will 
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be  muntfuned  at  a  temperature  between  600^  and  800°  C.  and  in  order  not 
to  have  the  temperature  fall  too  low,  the  shaft  is  jacketed  as  well  as  pos- 
sible by  somewhat  heavy  walls  of  brickwork  and  other  devices.  As  the 
whole  burner  system  and  contact  shaft  operates  under  suction,  it  is  pref- 
erable to  enclose  the  entire  setting  in  a  steel  plate  cover  closely  riveted 
and  cautfced.  In  this  contact  shaft  the  gases  are  partly  converted,  about 
40  to  50  per  cent  of  the  SO3  present  when  they_  leave  the  burner  cliambers 
being  changed  over  into  SO3,  and  sufficient  heat  being  generated  by  this 
reaction  to  m^ntain  the  temperatiu^  of  the  gases.  Leaving  the  (Mm- 
tact  shaft  by  the  pipe  Dz,  the  gases  are  somewhat  cooled  and  are  introduced 
into  the  cooling  tower  E.  This  tower  consists  of  a  riveted  steel  plate 
shell  over  the  outside  of  which  water  is  poured,  the  water  beii^  collected 
in  a  trough  at  the  bottom  and  carried  away.  Some  acid  condenses  in  the 
pipe  Dz  and  runs  into  the  tower  E.  Also  considerable  acid  coUect«  in 
the  tower  E  and  is  removed  by  the  pipes  shown  at  the  bottom.  One 
such  tower,  unless  of  considerable  size,  would  be  insufficient  to  cool  the 
gases  so  that  they  pass  through  the  pipe  Ei  into  a  second  tower  £2  (or 
third)  of  similar  character,  whence  thoroughly  cooled  they  pass  by  the 
pipe  Ei  into  the  absorbing  tower  F.  This  tower  consists  of  either  riveted 
steel  plates  or  scml-stcel  castings,  or  cast  iron  poured  into  a  mold  contun- 
ing  a  wTought-iron  outer  shell.  The  reason  for  this  precaution  is  that 
cast  iron  is  affected  by  SO3  in  a  peculiar  way,  the  SOs  seeming  to  enter 
into  the  pores  of  the  cast  iron  and  cause  a  gradual  expansion,  placing 
the  metal  under  such  strain  that  it  cracks  or  even  bursts  apart. 
The  tower  F  is  filled  with  quartf  or  similar  surface-expoai^  material 
and  is  fed  from  above  with  a  slow  stream  of  acid  for  the  purpose  of 
absorbing  the  SO3  in  the  gas.  From  the  tower  F  the  gases  pass 
on  to  the  pipe  Fi  into  the  tower  F2,  which  is  of  similar  construction 
and  likewise  provided  with  a  flow  of  acid,  the  strength  and  character 
of  which  will  be  mentioned  later.  Thence  through  the  pipe  F3  the  gases 
pass  to  the  blower  or  actuating  means  for  the  system,  the  part  of  the 
apparatus  hitherto  described  being  operated  under  suction.  From  the 
blower  the  gases  pass  by  the  pipe  /f  to  a  series  of  vaived  branches  Hi, 
Ha,  Hz,  etc.,  leading  into  filters  /,  /i,  I2,  etc.  These  filters  are  mere 
boxes  of  iron  or  lead  containing  a  deep  layer  of  fine  coke,  or  fine  slag  from 
the  basic  open  hearth  process.  In  either  case  the  action  is  largely  one 
of  gaseous  filtration,  in  order  to  remove  the  last  suspended  impurities 
that  have  not  been  taken  out  by  the  washing  or  the  centrifugal  action  of 
the  fan.  This  purification  is  so  thorough  that  the  gases  no  longer  betray 
the  presence  of  the  dust  in  a  strong  beam  of  light  nor  do  they  yield  up  any 
impurity  to  filtration  by  a  close  pli^  of  cotton  wool.  If  there  be  sus- 
pended sulphuric  acid  left  in  the  gases  tht^  will  blacken  the  plug  of 
cotton  wool,  or  if  any  traces  of  dust  remain  these  will  be  deposited 
upon  the  cotton  and  show  their  discoloration.  The  number  of  filters 
ore  thus  placed  in  parallel  in  order  to  permit  the  cutting  out  of  one  filter 
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by  closing  the  entrance  and  %xit  valve  and  the  renewii^  of  the  filtering 
body  without  interruption  of  the  process.  From  these  filters,  the  gases, 
thoroughly  purified,  pass  away  through  the  valved  connecting  pipes  I3,  li, 
h,  etc.,  to  the  assembling  gas  mtun  J.  From  here  two  courses  are  open 
to  tbem,  but  the  normal  course  used  as  a  rule  throughout  the  operation 
of  the  plant  will  be  first  described  and  the  emergency  course  Ji  described 
later.  Normally  the  gases  pass  through  Jz  downward  through  the 
valve  K3  into  the  heat  exhanger  M.  This  heat  exchanger  is  constructed 
very  much  like  a  tubular  boiler  having  the  tubes  Mi  connected  between 
headers  M2  and  JI/3  and  the  incoming  gases  pass  downward  through  theee 
tubes  and  out  of  the  heat  exchanger  by  the  pipe  Mt  up  to  the  distributing 
mfun  K,  During  the  passage  through  tiie  heat  exchat^r  M  they  have 
been  partially  heated  up  by  the  hot  gases  passing  away  from  the  platinum 
converter  B.  They  are  agun  heated  up  by  being  passed  down  throu^ 
the  heat  exchanger  N  of  similar  construction,  having  the  pipes  Ni 
between  the  headers  ^^2  and  Na  outside  of  which  pipes  are  passing  the 
hot  gases  from  the  first  converter  Q.  The  now  thoroughly  heated  gases 
leave  tbe  heat  exchanger  N  through  the  pipe  Nt  and  pass  upward  into 
the  pipe  0  and  downward  through  O2  into  the  converter  Q.  This  converter 
consists  of  a  cylindrical  cast^ron  box  containing  a  number  of  layers 
of  platinized  asbestos  supported  on  punched  sheets  of  steel.  The 
gases  pasMng  down  through  this  platinised  asbestos  are  further  cooverted 
and  heated  by  this  action.  They  then  pass  away  through  the  pipe  Qz,  and 
around  the  pipes  A^i  and  are  cooled  by  the  incoming  gases  passing 
through  the  inside  of  these  pipes.  From  this  heat  exchanger  they  pass 
through  the  pipe  Q3  into  the  second  platinum  converter  R,  having  similar 
layers  of  contact  material  Ri  supported  on  steel  trays.  This  converter 
may  be  somewhat  larger,  in  order  to  insure  the  complete  conversion  of  the 
now  nearly  exhausted  gases.  From  here  they  pass  through  the  pipe 
Ra  into  the  heat  exchai^F  M,  where  they  pass  around  the  outside  of  the 
pipes  and  give  up  some  of  their  heat  to  the  incoming  gases,  passing 
down  through  the  pipes.  Leaving  this  heat  exchanger  throu^  the  pipe 
Pa  they  pass  the  final  cooler  S  which  is  agaha  ctmstracted  somewhat  like 
a  boiler  having  headed  pipes  Si  between  the  headers  1S2  and  Sa,  only 
in  this  case  instead  of  being  cooled  on  the  outside  by  gas  these  pipes  are 
cooled  by  water  fed  through  the  pipe  St  and  overflowii^  to  the  pipe  Ss. 
The  now  thoroughly  cold  gases  pass  through  the  pipe  Sa  into  the  absorb- 
ing tower  T.  This  tower  is  filled  with  porous  or  other  acid-proof  mate- 
rial and  Ib  sprayed  with  acid  from  the  distributor  T2,  after  which  the  gases 
are  permitted  to  exit  through  the  pipe  T3  to  the  atmosphere. 

The  passage  of  the  various  Liquids  used  for  treatment  of  this  gaa 
should  now  be  traced.  The  acid  for  absorbing  sulphur  trioxide  from  the 
iron  conversion  enters  through  the  pipe  a  to  the  tank  b  at  the  foot  of  the 
tower  Fi,  and  adds  itself  to  the  liquid  flowing  down  from  the  tower. 
Thence  it  flows  to  the  pipe  bi  into  the  egg  c,  and  is  thrown  up  by  the  pipe 
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Ci  into  the  tank  d  at  the  head  of  the  tower.  The  acid  added  by  the  pipe 
a  should  be  of  such  strength  and  quantity  as  to  maintain  the  flow  of 
acid  down  the  tower  F2  somewhere  between  93  and  99  per  cent,  pref- 
erably about  97  per  cent,  because  the  absorption  of  SOs  is  much  more  rapid 
and  complete  in  sulphuric  acid  between  97  per  cent  and  98  per  cent 
than  in  acid  which  is  either  much  weiJcer  or  stronger.  From  the  tank 
d  most  of  acid  is  permitted  to  flow  down  the  tower  ^'2,  but  as  the  acid 
increases  in  quantity  through  the  absorption  of  sulphur  trioxide  on  the 
one  hand  and  the  addition  of  weaker  acid  from  the  pipe  a  on  the  other 
band,  the  overflow  goes  to  the  supply  tank  e  of  the  tower  F,  whence  the 
acid  trickles  down  in  a  slow  stream  through  the  tower  F  and  may  be  rused 
to  a  strength  equivalent  to  105  or  106  per  cent  H3SO4,  and  be  taken  to 
the  finished  acid  tank  g.  Calling  the  acid  105  per  cent  means  that  the 
sulphuriD  acid  contains  sufficient  sulphur  trioxide  dissolved  in  it  that, 
when  the  necessary  water  is  added  to  unite  with  this  sulphur  trioxide 
and  produce  sulphuric  acid,  the  total  quantity  of  acid  of  100  per  cent 
produced  will  be  5  per  cent  greater  than  the  amount  of  H2S04  and  SO3 
taken.  The  strength  may  likewise,  of  course,  be  expressed  by  giving 
the  percentage  of  free  SO3  dissolved  in  the  H3S04.  The  acid  collected 
by  condensation  in  the  cooling  towers  E  and  E2  will  be  impure  owing 
to  the  amount  of  dust  carried  over  from  the  iron  contact  shaft  and 
may  profitably  be  used  in  the  preliminary  drying  tower  B  flowing  down 
the  pipes  ga  and  g*  into  the  egg  h  whence  it  is  blown  up  by  the  pipe 
hi  into  the  tank  i  at  the  head  of  the  drying  tower.  The  excess  of  the 
drying  acid  thus  accumulated  may  be  flowed  over  to  the  pipe  Aa  and 
utilized  for  any  convenient  purpose  in  the  works.  A  deficiency  of  acid 
from  these  cooling  towers  is  made  up  from  the  finished  tank  g  by  adding 
acid  through  the  pipe  gi. 

The  absorption  of  the  sulphur  trioxide  produced  by  the  platinum  con- 
tacts Q  and  R  may  be  completely  carried  out  in  a  single  tower  T  pro- 
vided the  stretch  of  the  acid  in  this  tower  be  maintained  at  the  most 
advantageous  point  between  97  and  98  per  cent.  A  steady  flow  of  weaker 
acid  is  taken  in  through  the  pipe  j  to  the  tank  k  where  it  is  cooled  and 
thoroughly  mixed  with  a  stream  flowing  out  through  the  pipe  ^ 
from  the  tower.  From  a  special  compartment  of  this  tank  or  an  inde- 
pendent tank  located  beside  it,  ^2,  the  acid  is  thrown  up  by  a  centrifi^al 
pump  or  other  convenient  means  by  the  pipe  Au  into  the  supply  tank 
I  at  the  head  of  the  tower,  whence  it  flows  through  the  pipe  h  to  the 
distributor  within  the  tower.  A  heavy  stream  of  acid  is  carried  in  order 
that  the  sulphur  trioxide  absorbed  may  not  too  greatly  increase  the 
percentage  of  the  acid  on  its  way  down  the  tower.  Whatever  excess  of 
acid  is  formed  in  this  system,  as  in  the  other,  overflows  to  the  tank  k^  and 
is  regarded  as  finished  acid.  Owing  to  the  careful  preliminary  purifica- 
tion ol  the  gas  this  acid  is  very  much  purer  than  that  produced  by 
the  iron  contact.    In  some  plants,  therefore,  the  iron  contact  is  not 
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used  and  the  gases  pass  directly  from  the  burners  into  a  large  cooling 
chamber  that  takes  the  place  of  the  towers  E  and  E2,  after  which  it  is 
washed  with  sulphuric  acid  as  in  the  towers  F  and  F2,  which  without  the 
iron  contact  does  not  increase  the  volume  of  the  supply  liquid  materially 
because  there  is  no  sulphur  trioxide  to  speak  of.  By  using  stronger  sul- 
phuric acid  in  the  tower  F2  the  gases  are  thoroughly  dried  and  are  pre- 
pared to  go  to  the  filters.  The  complete  conversion  is  carried  out  in  two 
steps  in  the  converters  Q  and  R  and  all  of  the  sulphur  trioxide  produced 
is  then  absorbed  in  the  tower  7"  by  97  to  98  per  cent  acid.  In  such  an 
installation  the  parts  D,  B,  h  and  t  would  be  omitted  as  the  preliminary 
purification  of  the  gases  has  been  shown  to  be  more  effective  if  the  gases 
were  moist.  In  fact-  moisture  is  injected  into  them  as  they  leave  the 
burners  and  before  they  are  cooled  in  the  large  chamber  which  accord- 
ing to  that  method  of  working  would  replace  the  cooling  towers  E  and  E2. 
In  the  other  method  of  workii^  the  gases  instead  of  passii^  through  a 
more  complicated  conversion  like  that  shown  would  be  heated  by  exchange 
with  the  gases  as  they  left  the  iron  contact  D,  and  would  then  he 
taken  directly  to  a  single  platinum  converter  which  might  be  located 
between  two  iron  contact  shafts  or  in  any  other  convenient  position  for 
sustaining  its  temperature.  The  second  stage  of  the  absorption  of  the 
gaseous  sulphur  trioxide  thus  produced  luiglit,  of  course,  be  carried  out 
in  a  second  set  of  absorbii^  towers  similar  to  F  and  F2.  If  a  very  com- 
plete conversion  is  to  be  made  in  the  final  platinum  converter  the  tem- 
perature must  be  carefully  regulated  and  provision  made  both  for  addi- 
tional heating  of  the  gases  and  reducii^  the  amount  of  beating  action. 
When  it  is  necessary  to  increase  the  temperature  of  the  gases  pasmg 
through  the  first  converter  Q  as  for  instance  in  starting  up  of  the  plant, 
the  heater  P  is  available  and  provision  is  made  through  the  valve  Oi  and 
Pi  for  passing  the  gas  through  this  heater  into  the  pipe  O2  by  shutting 
the  valve  0  whenever  this  is  desired.  The  heater  P  consists  of  an 
ordinary  coal  heater  of  special  design  provided  with  the  firing  door  P3  and 
having  inside  heating  pipes  Pi  and  a  stack  for  exit  of  the  coal  gases,  Ps. 
When,  on  the  other  hand,  it  is  desired  to  reduce  the  temperature  of  the 
gases  passing  through  the  first  converter  it  is  possible  by  opening  the 
valve  /[  to  admit  cold  gases  directly  from  the  pipe  J  into  the  pipe  L  and 
thence  into  the  converter.  When  a  less  violent  cooling  action  is  desired 
the  valve  K2  may  be  opened  and  the  gas  admitted  to  the  pipe  K  before 
passing  through  the  heat  exchanger  N.  It  will  be  obvious  that  the  pur- 
pose of  breaking  up  the  conversion  into  a  series  of  stages  is  to  reduce  the 
amount  of  heat  liberated  at  any  particular  stage  and  avoid  the  necessity 
of  cooling  the  gases  during  conversion.  It  amounts  substantially  to 
usii^  a  weaker  gas  at  each  st^e  in  the  converMon.  Another  method  of 
getting  at  the  same  result  is  to  make  the  converter  Q  very  much  wider 
and  allow  the  radiation  from  the  thin  layer  of  contact  material  at  the  top 
to  preheat  the  gases  to  such  a  degree  tlTat  the  contact  mass  itself  is  suf- 
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ficiently  cooled  by  radiation  to  the  upper  portion  of  the  converter  in  which 
the  gases  are  being  heated.    Another  method  of  securing  this  result  is 
to  construct  the  converter  like  the  heat  exchangers  N  and  M  and  to 
place  the  contact  material  within  the  tubes,  passing 
the   gases  on   their  way  to  the  contact  around  the 
outside  of  the  tube  so  that  the  mass  in  the  tube  is 
continually  kept  cool  by  the  passage  of  the   gas 
around  the  outside.     This  was  the  method  devised 
originally  by  Knietsch  for  maintaining  within   the 
contact  chamber  a  temperature  which  at  the  hottest 
portion   of   the   chamber   should   be  between    the 
composing  and  decomposing  temperatures  of  sulphur 
trioxide.    This  most  elegant  form  of  contact  chamber 
which  combines  within   itself  the  converter  proper, 
and   the   heat   transferrer  is  illustrated  in  Fig.  102. 
The  gases,    after    leaving   the    burners   and   being 
mixed  with  steam  and  cooled  in  a  large  cooling  and 
settling  chamber  designed  to  take  the  place  of  the 
towers  E  and  E2,  Fig.  101,  were  then  washed  as  in 
towers  F,  F2,  the  washing  being  repeated  in  successive  towers  until  the 
gases  no  longer  showed  any  impurity.      Special  washing  liquid  might 
be  used  for  different  characters  of  special  impurities  depending  on  the 
kind  of  ore  used  and  they  were  then  finally  dried  in  a  tower  like  F2. 
Such  gases  were    then    passed   directly  in    through    the  opening  A^ 
Fig.   102,   whence   they   were   permitted    to   circulate   back   and   forth 
across  the  outside  of  the  pipes  S  extending  down  through  the  chamber 
and  finally  reaching  the  bottom  of  this  chamber  to  pass  upward  through 
these  pipes  themselves  and  to  the  contact  material  supported  in  layers 
within  these  pipes.      As    the  gases  became  heated  on  their  way  down 
to  the  end  of  the  pipes  and  as  the  reaction  at  this  entrance  was  more 
violent,  the  temperature  at  this  point  rose  to  the  desired  degree  and  the 
conversion  proceeded  very  rapidly.     Then  as  the  gases  passed  on  through 
the  contact  material  contuned  in  the  pipes  they  would  find  cooler  and 
cooler  layers  of  contact  materials   so  that  their   equilibrium   might  be 
retuned  at  its  most  complete  stage,   at  approximately   400'  to   426°, ' 
before  being  removed  from  the  pipes.     In  this  manner  90  to  95  per  cent 
or  even  97  per  cent  of  the  SOj  may  be  converted  in  a  single  converter,  and 
if  desired,  the  temperature  of  the  gases  can  be  raised  partly  by  an  added 
exterior  transferrer,  through  which  the  converted  gases  pass  on  their  way 
to  beii^  finally  cooled  and  absorbed.     The  final  cooling  may  take  place  in 
a  separate  cooler,  S,  Fig.  101,  or  the  absorption  liquid  may  be  so  rapidly 
cooled  that  the  hot  gases  can  be  cooled  and  absorbed  simultaneously. 
If  stroi^  oleum  is  to  be  made,  however,  they  should  first  be  thoroughly 
cooled.    If  98  per  cent  acid  is  to  be  made  a  single  absorbing  tower  may 
be  used,  but  if  oleum  is  to  be  made  it  b  more  desirable  to  carry  the 
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absorption  out  in  s  seriea  of  towers  the  last  of  which  is  supplied  with  97 
to  9S  per  cent  acid  in  order  to  make  an  entirely  complete  absorption. 

Broadly  speaking,  it  may  be  said  that  the  coet  of  manufacturing 
sulphuric  acid  by  the  contact  system  is  not  much,  if  any,  higher  than  that 
by  the  chamber  system.  The  operation  is  somewhat  more  sensitive  and 
delicate  and  involves  the  use  of  more  refined  machinery,  so  that  a  higher 
class  of  labor  has  to  be  employed.  The  conversion  when  the  contact 
system  is  operated  properiy  is  practically  as  complete  as  that  in  the 
chambers.  Well  designed,  the  contact  system  requires  practically  no 
fuel  for  preheating  the  gases  and  the  power  required  for  driving  the  gases 
through  the  more  resistant  series  of  chambers  used  in  the  contact  system 
is  more  than  made  up  by  the  absence  of  niter  consumption.  The  cost 
of  installation  is  somewhat  higher  owing  to  the  considerable  quantity 
of  platinum  used,  hence  the  attempt  to  substitute  other  materials  as 
oxide  of  iron,  but  it  is  doubtful  whether  in  the  long  run  the  substitution 
works  any  economy.  One  advantage  of  the  contact  system,  particularly 
where  platinimi  alone  is  used,  is  the  great  purity  of  acid  resulting  from 
the  necessary  thorough  purification  of  the  gases,  but  for  ordinary  manu* 
facture  of  sulphiuic  acid,  particularly  in  districts  more  or  lees  remote 
from  foundry  and  machine  shop  facilities,  there  is  considerable  question 
whether  the  contact  system  offers  great  inducement  to  the  manufacturer. 


=y  Google 


CHAPTER  V 

NITRIC  ACID 

WILUAM  M.  GROSVENOR 

Occurrence.  The  usu&l  commercial  Btrengths  of  nitric  acid  are  "  38°" 
{56.5  per  ceat),  "40°"  (61.4  per  cent),  and  "48°"  (91.4  per  cent). 
"  Pale  acid,"  "  free  from  lower  oxides  "  (that  is,  less  than  0.1  per  cent 
of  NO,  NjOa  and  NzOi)  may  be  of  any  strength,  but  is  generally  made 
from  acid  stronger  than  40°  B^.  (sp.gr.  1.381)  by  dilution  because  the 
weaker  acid  does  not  "  bleach  "  well.  "  Red  acid  "  is  generally  40"  B&. 
or  stronger  and  contfuos  dissolved  lower  oxides.  "  Dynamite  acid,"  is 
strong  acid  for  making  96  per  cent  mixed  acid  (34  per  cent  HNO3  and  62  per 
cent  H2SO4).  It  was  formerly  necessary  to  have  the  nitric  acid  93  per  cent, 
but  now  that  "  oleum  "  is  used,  it  need  only  be  88  per  cent.  "  Spent  acid  " 
is  the  mixed  acid  diluted  and  partly  deprived  of  HNO3  by  use  in  nitrating 
organic  Eiubstances;  and  "  fumii^  nitric,"  is  very  strong  acid  containing 
much  lower  oxides.  "  Weak  nitric,"  generally  applied  to  acid  38°  B6.  or 
leas,  obtuned  from  the  final  towers  or  tourilles  of  the  condensing  system, 
ifi  also  frequently  called  "  tower  acid,"  particularly  when  used  to  supply 
the  Glover  tower  of  a  chamber  system.  "  Aquafortis  "or"  stror^  water  " 
(because  of  its  great  solvent  power)  is  the  name  given  nitric  acid  by  Geber 
(a.d.  750-800),  or  one  of  his  inunediate  predecessors,  who  made  it  by 
heatii^  together  saltpeter,  copper  vitriol  and  alum.  The  first  mention 
of  the  present  process  of  making  it  is  by  Basil  Valentine  (a.u.  1450-1500) 
who  says,  however,  that  this  method  had  long  been  used.  Nitric  acid 
was,  therefore,  one  of  the  earliest  mineral  acids  known. 

Industrial  InqxHtance.  Nitric  acid  occupies  a  peculiar  position, 
somewhat  like  that  of  sulphuric,  of  great  industrial  importance  as  an 
intermediate  step  in  the  production  of  other  products.  Its  salts  are  used 
to  some  extent  in  electroplating  since  practically  every  one  is  soluble, 
in  fireworks  aad  colored  lights  because  of  their  high  oxidizing  power, 
and  it  is  essential  to  the  manufacture  of  many  organic  compounds  besides 
nitrocelluloses,  azo  and  diazo  dyes.  In  tonnage  and  value,  it  stands 
among  the  leading  chemical  products,  the  yearly  output  being  68,717 
tons,  valued  at  96,816,736.  In  the  form  of  nitrates  or  substitution  products 
it  is  essential  in  some  way  to  the  production  of  practically  every  explo- 
sive, a  very  lai^  proportion  of  the  synthetic  dyestufts,  azo,  diazo  and 
amido,  also   pyroxylin  plastics,  while  its  salts   (chiefly  from  natural 
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deposits),  are  used  (or  fertilizer  in  this  country  to  the  extent  of  89,&46 
tons  per  annum.  The  growth  in  the  manufacture  of  these  products  is 
ehown  in  the  following  table: 

ISM  1»M  leoa  1914 

Nitric  add: 

Quantity,  troie 31,542  54,190  68,717  78,589 

Value $2,961,700  $5,232,527  $6,816,736  $8,487,572 

FertiUierB: 

Quantity,  torn 2,887,004  3,591,771  5,240,164  8,432,206 

Value $42,097,673         $56,973,634  $02,369,631       $153,260,212 

Explotdvee: 

Quantity,  tons 107.000  181,043  244,586  243,412 

Value $16,950,976         $28,283,767  $38,n6,816         $41,277,717 

Artificial  dyestuSa: 

Quantity,  tOHB 3,291  2,300  6,134  6,085 

Value $1,806,730  $1,764,454  $3,462,438  $4,652,947  , 

Pyroxylin  plastics: 

Quantity,  tons 1,037  1,483 

Value $2,259,338  $2,671,380  $5,682,379  $8,876,509 

Nitric  acid,  particularly  when  strong  and  pure,  approaches  the  value 
of  a  fine  chemical,  costing  from  4  to  5i  cents  per  pound  of  the  HNO3  it 
contains,  and  selling  from  5  to  7  cents.  Much  less  "  weak  acid  "  is  made 
and  sold  than  formerly  for  two  reasons.  First,  the  improvement  in  nitric 
acid  processes  has  made  it  possible  to  produce  all  the  acid  of  sufficient 
strength  for  "  bleaching  "  (i.e.,  removing  red  lower  oxides  of  nitrogen) 
if  not  already  bleached  in  makii^.  Second,  the  development  of  the 
sulphuric  contact  process  making  105  per  cent  H2S0<  has  made  the  entire 
output  of  the  nitric  acid  plant  (avera^  87-88  per  cent)  available  for  making 
mixed  acid.  When  the  sulphuric  economically  obtainable  was  only  98 
per  cent,  it  was  necessary  to  use  93  per  cent  HNO3  for  making  mixed  acid 
for  nitroglycerine,  dynamite,  guncotbon,  etc.,  and  only  about  one-half  to 
three-quarters  of  the  output  of  a  nitric  plant  was  strong  enough  for 
making  "  mixed  acid."  The  balance  had  to  find  a  market  as  weaker  acid 
or  as  nitrates.  The  war  has  about  doubled  both  prices  and  produc- 
tion. 

Properties.  Strong  nitric  acid  when  free  from  lower  oxides  and  freshly 
made  is  practically  colorless,  but  the  action  of  light,  slightly  elevated 
temperatures,  or  traces  of  organic  matter,  g«^ncrally  gives  it  a  slight  pale 
amber  tint  gradually  developing  into  a  clew  pale  red-brown.  It  is  more 
mobile  than  sulphuric  acid  of  tike  strength  and  about  one-third  lighter 
in  weight,  Pure  acid  of  99.5  per  cent  reaches  a  specific  gravity  of  1.52 
(49.6°  B6.).  Unlike  sulphuric  acid,  the  anhydride  is  not  stable  in  solu- 
tion in  the  acid  (unless  H2SO*  is  present),  so  strengths  higher  than  100 
per  cent  are  not  made,  but  N3O4  dissolved  in  the  acid  increases  its  specific 
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gravity  until  12  per  cent  of  NaO*  has  a  density  of  1.92  (about  56°  B6.), 
and  shows  a  greater  oxidizing  power  than  the  pure  acid. 

The  destructive  action  of  nitric  acid  on  oi^anic  matter  is  rapid,  partly 
oxidising  and  partly  nitrating  (forming  nitric  esters  or  NO3  substitutions). 
The  oxygen-containing  bodies  of  the  paraffine  series  tend  to  form  oxalic 
acid,  the  — CHOH  groups  to  form  esters,  a  charactetistic  also  exhibited 
by  cellulose,  glycerine  and  under  proper  conditions,  starch.  The  sulphur- 
containing  bodies  tend  to  sulphonic  acids,  while  the  aromatic  series  is 
characterized  by  its  greater  tend^icy  to  form  nitro  derivatives.  Most 
ordinary  metals  are  attacked  by  nitric  acid  of  various  strengths,  gold  and 
platinum  excepted.  The  hydrogen  liberated  acts  upon  the  nitric  acid 
to  reduce  an  additional  portion  of  it,  liberating  various  oxides  of  nitrogen, 
depending  on  the  concentration  of  the  acid  and  the  temperature.  Broadly 
speaking  the  more  concentrated  the  acid  the  more  bigher  oxides  will  be 
produced  and  dilute  acid  will  be  largely  reduced  to  anunonia.  Lead  and 
iron,  however,  are  somewhat  slowly  acted  upon  by  strong  acid,  iron  in 
particular  being  the  material  generally  used  for  the  distilling  part«  of 
nitric  acid  apparatus.  Its  protection  at  this  point  is  due  to  three  causes, 
chiefly  the  presence  of  sulphuric  acid,  superseding  or  inhibiting  the  action 
of  the  nitric  and  forming  insoluble  sulphates  which  protect  the  surface; 
second,  the  high  temperature  which  prevents  condensation  of  acid  on 
the  surface,  and  lastly  to  some  extent  the  peculiar  passivizing  action  which 
nitric  acid  possesses  for  iron  surfaces. 

MaQufactnre.  In  this  country  Carter  &  Scattergood  of  Philadelphia 
b^aa  the  manufacture  of  nitric  acid  in  1824  but  the  industry  was  not 
very  important  until  1862,  when  the  discovery  of  nitroglycerine,  followed 
by  other  nitro-explowves,  opened  a  new  field  for  it. 

Two  general  methods  of  making  nitric  acid  are  important,  first,  the 
old  reaction  of  Basil  Valentine  from  nitrate  of  soda  (natural  deposits) 
by  action  of  an  excess  of  sulphuric  acid  and  distillatiod  of  the  liberated 
nitric  acid,  the  reaction  approximating, 

NaN03+H2S04  =  NaHS04+HN0a. 

The  presence  of  chlorides  in  the  nitrate  liberates  HCl  which  reacts, 

HCI+HN03=HaO+N02CI, 

each  atom  of  CI  carrying  away  an  atom  of  N  which  is  lost  to  nitric  acid 
manufacture.  Too  high  a  temperature  at  the  start  increases  a  side-reac- 
tion, always  present  to  some  extent  particularly  in  the  presence  of  a  dehy- 
drating agent  like  an  excess  of  sulphuric  acid;  i.  e., 

4HNO3  «  2H3O-|-0a-|-2N2O4 

The  N3O4  thus  produced  is  difficult  to  condense  and  injurious  to 
Uie  product.    Too   high   a  temperature  at  the  end  of  the  distillation 
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tends  to  the  formation  of  sodium  pyrosulphate  and  water  according  to 
reaction 

2NaHS04 +heat  =  NaaSaO? + HaO 
and  further, 

Na2S207 + heat = Na2SOi+S03. 

The  volatile  products  of  both  of  these  reactions  are  injurious  to  the  strength 
and  purity  of  the  nitric  acid  produced. 

The  second  method  is  synthetic  and  developed  from  Sir  Wm.  Crookes' 
fascinating  suggestion  in  1890,  that  the  ultimate  exhaustion  of  the 
natural  deposits  should  be  anticipated  by  perfecting  the  combustion  of 
air,  giving  a  practically  inexhaustible  source  of  nitrogen  products  for 
fertilizers.  This  modern  process  consists  in  burning  the  nitrogen  of  the 
air  with  its  oxygen  in  an  elongated  electric  arc  and  quickly  cooling  the 
resulting  gases.  It  is  only  within  the  last  five  years  that  it  has  developed 
commercially — principally  in  Norway,  Sweden  and  Switzerland  because 
of  the  cheap  water  power  available  there.  Mixed  oxides  of  nitrogen  are 
thus  produced  and  their  oxidation  completed  in  reaction  towers  after 
which  they  are  absorbed  in  milk  of  lime.  The  acid  neutralized  pro- 
duces "nitro-lime "  chiefly  used  for  fertilizer.  It  is  questionable 
whether  the  production  of  strong  nitric  by  this  process  can  be  carried 
out  economically  except  when  extremely  cheap  electric  power  (from 
water  falls)  is  available.  In  this  country  one  commereial  failure 
was  made  during  the  early  stages  of  the  development  of  this  process, 
but  another  installation  is  practically  completed  and  under  much  more 
favorable  auspices  promises  better  results.  As  a  method  of  making 
strong  nitric  acid  however,  it  offers  little  inducement.  Weak  nitric  acid 
increases  in  strength  on  distillation  until  69  per  cent  is  reached,  after 
which  a  hydrate  (2HN03-3H80)  of  about  70  per  cent  HNO3  distills  over 
at  a  constant  boiling-point.  Some  methods  of  overcoming  this  difficulty 
and  making  the  synthetic  process  directly  available  for  the  production 
of  strong  acid,  have  been  proposed  but  commercial  success  has  not  yet  been 
attained. 

The  practical  processes,  then,  make  nitric  by  treatment  of  sodium 
nitrat«  with  sulphuric  acid.  Four  methods  of  decomposing  have  been 
claimed  as  successful,  those  of  Prentice,  Uebel,  Valentiner  and  the  various 
forms  of  plain  still  (most  generally  used  in  this  country). 

Prentice  Process.  This  method  consists  in  continuously  mixing  the 
nitrate  and  an  unusually  large  excess  of  sulphuric  in  a  separate  vessel  pro- 
vided with  a  condenser  to  which  the  NaO*  and  CI  liberated  are  supposed 
to  pass,  leaving  the  nitric  to  be  distilled  off  free  from  these  impurities. 
It  was  said  to  have  worked  for  some  time  satisfactorily  at  Stowmarket, 
England,  and  to  be  capable  of  producing  its  entire  output  at  a  strength 
of  94  per  cent.  The  feature  apparently  most  criticised  was  that 
12  parts  of  oil  of  vitriol  were  required  for  10  of  nitrate  of  soda,  but  this  is 
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no  more  than  should  be  used  to  get  a  good  niter  cake  cotituning  30  per 
cent  free  acid,  easy  to  fuse  and  fluently  mixing.  A  very  slight  loss  of 
nitric  at  4^  cents  per  pound,  quickly  makes  up  for  any  saving  in  sulphuric 
at  half  a  cent  per  pound.  The  acid  then  made  was  not  what  we  would 
regard  as  well  bleached  but  this  could  easily  have  been  remedied. 

Uebel's  Process.  In  this  system,  Fig.I03,half  of  the  nit«r  cake  {approx- 
imately NaHS04,  which  results  after  expelling  the  last  nitric  acid  from  a 
charge  in  retort  A),  is  run  into  an  equivalent  weight  of  moderately  strong 
sulphuric   acid   in   the  pan  B  located  over  the  flue  C.    In  this  pan  the 
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heat  of  the  niter  cake  serves  to  drive  out  15  or  20  per  cent  of  water  from 
the  sulphuric  acid,  and  form  practically  anhydrous  "  polysulphate " 
NaH3(S0i)2>  This  is  m^ntained  in  a  fused  oondition  by  the  heat  of 
the  flue  C  below,  retained  by  the  cover  D,  and  is  drawn  off  by  the  valved 
pipe  E  and  the  gutter  F  into  a  hoisting  pot  G  that  can  be  elevated  by 
chain  fall  or  power  hoist  and  by  trolley  rail  carried  over  the  feed  hole  of 
the  retort  H  or  H'.  These  are  charged  alternately,  at  intervals  of  about 
4  hours,  with  700  to  900  lbs.  of  nitrat«  of  soda,  dried  by  spreading  out  in 
the  iron  pans  /.  Chai^ng  is  done  through  the  feed  hole  K,  which  is 
then  closed  with  a  stone  or  Btoneware  plate  L  and  covered  with  nitrate 
of  soda.  Sometimes  the  holsjing  pat  is  provided  with  a  bottom  nipple 
(fittmg  a  small  hole  in  the  plate  L)  closed  inside  with  a  plug  valve. 
Bon.etiir-es  the  fused  "  polj  sulphate  "  is  poured  in.  Particularly  in  the 
latter  case  it  must  be  added  slowly  as  the  hot  liquid  liberates  considerable 
nitric  acid  as  vapor.  To  avoid  unnecessary  heating  at  this  stage  the 
damper  M  is  closed,  all  the  fire  beii^  given  to  the  retort  H',  which  b 
then  beii^  boiled  off.  When  the  polysulphate  is  all  in  (about  45  minutes) 
the  damper  M  is  opened  and  the  boiling  off  of  H  is  begun,  which 

D,ui,z.;l;,L.OOglC 


196  INDUSTRIAL  CHEMISTRY 

occupira  from  2  to  3  hours.  Durii^  this  time  boiling  oS  of  H'  is  com- 
pleted, the  damper  M'  is  closed  and  by  opening  the  valve  0  the  liquid 
biaulphate  in  H'  is  run  down  to  the  lower  retort  A.  The  retort  A 
is  never  whoUy  emptied  (except  in  shuttii^  down)  so  that  the  incoming 
bisulphate  blends  with  the  already  highly  heated  chaise  and  thus  gives 
up  the  last  of  Its  nitric  acid.  The  now  empty  retort  H'  is  then  (usually 
after  slight  cooling)  charged  with  its  nitrate  of  soda  and  a  fresh  hoisting 
pot  of  liquid  polysulphate.  As  a  matter  of  fact,  however,  Uebel's  retorts 
are  generally  operated  with  sulphuric  instead  of  polysulphat€S. 

Valeatiner  Process.  By  this  method  the  nitrate  is  decomposed  under 
a  vacuum.  At  first  the  suction  was  commenced  as  soon  as  the  charge 
was  niade  and  increased  until  about,  one-third  of  an  atmosphere  remained, 
when  the  heat  was  applied.  It  was  found,  however,  that  the  intimate 
mixture  of  nitrate  and  acid  was  better  insured,  and  frothing  which  carried 
suspended  nitrate  upon  the  sides  of  the  retort,  was  prevented  by  tjirottling 
the  outlet  of  the  gases.  -About  2200  lbs.  of  nitrate  is  charged  into  the  retort 
A,  Fig.  104,  through  the  hole  B  having  an  iron  lid,  which  is  then  carefully 
diluted.  Sulphuric  acid  (2360  lbs.  66°  o.v.  or  preferably  96  per  cent) 
b  then  run  in  from  a  measuring  tank  or  scale  tank  C  by  a  pipe  D 
goosenecked  fmd  provided  with  a  cock.  When  the  acid  is  all  in,  suction 
is  applied  by  the  means  of  the  12X16  inch,  60  r.p.m.  vacuum  pump  E. 
This  is  protected  from  the  acid  fumes  and  chlorine  liberated  from  any 
NaCl  in  the  niter  by  a  series  of  wash  bottles  alternately  empty  and  about 
half  iilled  with  milk  of  lime.  Pipes  may  be  arranged  as  indicated  to 
insure  against  either  sucking  back  or  absence  of  liquid  in  it^  proper  wash 
bottle  when  operating.  Under  the  suction  and  heat  of  reaction  rapid 
evolution  of  nitric  vapor  begins.  To  prevent  its  becoming  too  r^id  a 
throttle  plate  with  a  small  hole  is  inserted  between  the  still  and  the  gas 
pipe  G,  which  is  provided  with  a  Y-branch  for  cleaning  and  is  but- 
mounted  by  a  short  length  of  wire-covered  glass  pipe  H  for  observing 
the  color  of  the  passing  vapors.  A  reducer  pipe  to  2\  ins.  then  takes  the 
gases  to  a  small  tourille  /  filled  with  broken  pumice,  where  entrained 
sulphuric  or  niter  dust  are  separated.  Thence  the  gases  pass  through 
two  large  stonew»%  coils  J  and  K  (2\  in.  bore  and  about  45  sq.ft. 
cooling  surface),  placed  in  wooden  tanks  supplied  with  cold  water  at  the 
bottoms  and  provided  with  overflows  near  the  tops.  Here  the  acid  is 
largely  condensed  and  most  of  it  flows  into  the  large  receiver  P.  Wire- 
covered  glass  pipes  L  and  M  are  provided  at  the  outlet  of  each  coil 
for  observing  the  color  and  rate  of  flow  of  the  acid  and  a  device  N  for 
drawii^  samples  for  testing.  A  three-way  cock  0  is  provided  to  pass 
any  weak  or  discolored  acid  into  the  smaller  jar  S,  the  flow  to  which  can 
be  observed  at  R.  Any  air  or  uncondensed  vapor  from  the  coils  passes 
through  the  pipe  Q  and  the  jars  S  and  T,  where  it  deposits  some 
acid,  and  then  upward  through  the  reflux  coolipg  worm  V,  2j  in.  bore 
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about  22  Bqit.  cooling  surface,  where  nearly  all  the  condensible  vapor 
is  caught  and  returned  to  the  jar  T.  Weaker  acid  collected  in  S  and 
T  may  be  added  to  the  96  per  cent  or  98  per  cent  sulphuric  used  for 
chai^g  the  retort.  Bleaching  of  the  acid  is  not  required  in  this  process 
for  two  reasons:  the  solution  pressure  of  NzOt  and  CI  in  the  acid  is  greatly 
reduced  by  the  vacuum,  and  also  the  low  temperature  of  vacuum  dis- 
tillation causes  very  little  breaking  up  of  the  nitric  to  form  N204-  The 
slight  loss  corresponding  to  the  HCl  liberated  and  oxidized  to  nitrosyl 


chloride  at  the  expense  of  nitric  is  inevitable.  No  loss  by  leakage  of 
joints  can  occur  under  suction  and  less  breakage  of  stoneware  results 
from  the  lower  temperatures  employed.  More  continuous  rapid  evolution 
of  vapor  makes  it  possible  to  run  off  the  charges  in  about  eight^hour  cycles. 
After  the  first  application  of  two-thirds  of  an  atmosphere  suction  it 
gradually  increases  as  evolution  of  vapor  be^os  to  reduce  the  tem- 
perature in  the  retort.  Heat  is  then  gently  applied  until  the  retort  reaches 
80°  and,  as  the  rat«  of  vapor  evolution  again  decreases,  is  gradually  nused 
to  130".  When  the  acid  flow  ceases  the  pump  b  shut  off  and  the  heat 
raised  to  facilitate  running  of  the  niter  cake  through  the  bottom  spout 
W.  An  excellent  quality  of  acid  (NaOj  —  .OS  per  cent)  is  produced, 
about  80  per  cent  averaging  96  per  cent  HNO3,  or  the  whole  output 
averagii:^  89  per  cent  if  weak  acid  is  returned  with  the  sulphuric  to  the 
retort.  The  niter  cake  produced  is  of  excellent  quality.  The  statements 
found  in  the  literature  ttiat  "  perfectly  pure  nitric  monohydrate  (HNOs) 
produced  by  this  process,  is  now  found  in  commerce  "  is  however  an  exag- 
geration, although  the  writer  regards  the  process  as  one  of  tiie  best  on 
the  market  to-day. 

Ccnnmtm  Process.  By  far  the  greater  proportion  of  nitric  acid,  however, 
is  made  by  the  simple  action  of  sulphuric  acid  on  the  nitrate  of  soda  at  sub- 
stantially atmospheric  pressure.  This  reaction  is  generally  carried  out  in 
ordinary  cast-iron  retorts  either  of  cylindrical  pattern  horizontally  placed, 
or  of  the  general  shape  of  deep  pots.    The  former  is  illustrated  in  Fig.  105, 
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in  which  A   is  the  brick  setting  properly  provided  with   buckstays  B. 
Through  this  setting  extend  caat-iron  cylinders  C  provided  at  either  end 
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with  a  closing  plate  D  consisting  of  either  cut  stone  or  cast  iron.  One  of 
these  plates,  generally  the  one  above  the  firing  door,  is  provided  with  two 
holes.  The  smaller  hole  E  serves  for  the  introduction  of  the  acid  and 
the  larger  hole  F  for  the  chaipng  with  nitrate  of  soda,  after  which  it  is 
closed  either  by  a  luted  cover  or  by  a  screw  plate.  The  plate  on  the  oppo- 
site end  is  provided  with  boles  G  into  which  the  exit  pipe  for  gases  is 
luted  and  H  for  tapping  off  niter  cake.  These  cylinders  vary  from  3  ft. 
in  diameter,  5  ft.  in.  length,  to  5  ft.  in  diameter  and  10  ft.  in  length, 
sometimes  the  diameter  .being  as  great  as  5  ft.  6  ins.  The  charges  of  nitrate 
of  soda  are  700  to  2200  lbs.  It  will  be  noted  that  a  relatively  small  grate 
area  and  a,  single  fire  is  used  and  much  of  the 
success  of  the  operation  Jn  yield,  quality  and 
speed  depends  on  its  careful  manipulation.  Ac- 
cording to  the  older  practice  only  a  slight 
exce-ss  of  sulphuric  acid  was  used  and  the  nit*T 
cake  remaining  behind  was  consequently  so 
hard  that  it  was  necessary  to  get  into  the  still 
and  dig  it  out.  Modem  practice,  which  to  a 
very  large  extent  utilizes   the  niter  cake   for  Fig.  108. 

other    manufacture,    permits    33   to    36   per 

cent  excess  of  sulphuric  to  remain  in  the  niter  cake.  The  end  plate, 
generally  that  in  the  rear,  is  provided  with  a  hole  at  the  bottom  for 
withdrawing  the  niter  cake,  this  hole  generally  being  closed  by  an  iron  peg 
or  tap  loosely  ground  in  and  sometimes  held  in  place  by  a  screw  handle- 
One  development  of  this  older  form  of  still  is  indicated  in  Fig.  106, 
which  shows  the  still  in  section,  the  lower  half  being  given  a  somewhat 
wider  flange,  the  upper  half  being  of  larger  diameter  and  lined  with  brick  to 
protect  this  half  of  the  still  from  the  action  of  the  nitric  gases.  In  some 
plants  the  nitric  stills  are  cast  all  in  one  piece  with  the  necessary  man- 
hole at  one  end  and  the  inlet  and  outlet  pipes  for  acid  and  gas  located  on 
the  axis  of  the  cylinder.-  Some  prefer  to  have  axial  trunnions  (bearings  in 
the  brickwork)  cast  on  the  ends  and  an  opening  on  one  side  of  the  cylinder 
to  be  turned  upward  during  charging,  thus  permitting  the  cylinder  to  be 


i.V.OOgIC 


NITRIC  ACID  169 

rotated  on  its  axis  when  the  niter  cake  is  to  be  removed,  dumping  the  same 
in  a  pocket  to  the  rear  of  the  fire-bed.  Considering  the  fluidity  of  the  niter 
cake,  however,  there  aeems  to  be  little  object  in  this  mechanical  com- 
plication. 

Pot  Still.  Another  form  of  still,  pot-shaped  in  general  outline,  is  shown 
in  Fig.  107.  The  bottom,  middle  section  and  cover  being  cast  in  separate 
pieces  to  permit  of  separate  renewal  according  to  the  wear  which  they  have 
Buffered.    The  belt  and  top  are  generally  lined  with  brick  as  indicated  in 
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Fig.  108.  The  bottom  piece  is  left  unlined  to  permit  the  free  transmission 
of  heat  and  because  the  corrosion  at  this  point,  where  there  is  always 
plenty  of  sulphuric,  is  very  much  less.  The  bottom  of  this  pot  is  pro- 
vided with  a  hole  F  set  in  a  trough  O,  thus  permitting  the  bisulphate, 
when  the  chai^  is  completed,  to  be  run  out  into  a  j>an  or  wagon.  The 
gas  outlet  H,  S  to  6  ins.  in  diameter,  and  the  charging  hole  /,  8  to  10 
ins.  diameter  are  provided  in  the  cover.  These  sections  are  luted 
tc^ther  with  acid-proof  cement,  for  which  purpose  "  Vitrex  "  cement  may 
well  be  used;  or  cement  made  up  at  the  works  from  asbestos  powder  con- 
taining a  tittle  finely  powdered  barium  sulphate,  made  into  a  thick  paste 
with  5  per  cent  silicate  of  soda  solution;  or  equal  parts  iron  filings  and 
'  powdered  brimstone,  thoroughly  mixed  with  4  parts  of  ground  fire- 
brick with  as  little  water  as  will  serve  to  make  a  thick  putty. 

Chargiiig.  After  completing  one  charge  and  before  putting  in  another, 
the  retorts  are  allowed  to  cool  somewhat  as  the  hottest  part  of  the  opera- 
tion is  at  the  end,  which  temperature  would  be  too  high  for  initiating  a  new 
charge.  The  nitrate  of  soda  charge  is  then  dumped  into  the  still,  gen- 
erally after  drying  if  strong  acid  is  required.  The  manhole  plate  is  luted 
or  clamped  on  and  the  sulphuric  acid  run  in  rapidly.  Evolution  of  nitric 
begins  before  all  the  sulphuric  acid  has  been  added,  but  a  light  fire  is 
started  before  the  evolution  slackens  and  the  heat  is  gradually  increased 
BO  as  to  ensure  a  steady  flow  of  nitric  acid.  A  single  charge  of  2200  lbs. 
is  generally  run  off  in  one  of  these  large  size  retorts  in  24  hours,  though 
hy  skillful  manipulation  it  is  possible  to  secure  two  chaises  in  24  hours 
or  at  most,  27  hours.  In  many  factories,  however,  it  is  found  most 
satisfactory  to  have  the  still  started  in  the  morning,  under  the  eye  of  the 
superintendent,  and  have  no  charging  done  at  night. 

D,uMZK;l;,V.OOg[C 


200  INDUSTRIAL  CHEMISTRY 

Distillation.  The  first  run  of  the  acid  is  generally  weak,  or  impure 
or  both.  It  ia  the  writer's  experieace  that  to  some  extent  this  depends 
on  the  character  of  nitrate  used  and  the  strci^b  of  the  sulphuric  acid 
applied.  Nitrates  contfuning  chloride  will  produce  impure  acid  to  b^;in 
with  because  of  its  contamination  with  nitrosyl  chloride.  If  the  charges 
are  made  in  too  hot  a'  still  or  if  the  sulphuric  acid  ia  run  in  too  rapidly, 
there  will  be  considerable  lower  oxides  in  the  first  run  of  acid.  Likewise, 
if  impure  nitric,  recovered  from  the  final  towers  of  the  condensation 
system,  has  been  mixed  with  the  sulphuric  used  for  charging,  most  of  its 
impurities  will  come  over  in  the  early  stages  of  the  reaction.  The  retort 
should  not  be  too  cold  at  the  time  of  charging  or  the  partial  condensation 
of  nitric  acid  on  its  surface  will  cause  excessive  corrosion  with  contamina- 
tion of  niter  cake  and  early  destruction  of  the  still.  The  whole  retort 
should  be  as  nearly  as  possible  the  same  temperature  throughout;  there- 
fore  it  is  desirable  to  have  the  retort  enclosed  as  completely  as  possible 
in  the  brickwork.  This  temperature  should  be  very  slightly  above  the 
boiling-point  of  the  nitric  acid,  enough  above,  however,  to  materially 
warm  up  the  charge  of  niter  when  added.  The  nitrate  of  soda  is  preferably 
dried  and  sulphuric  acid  used  at  approximately  93  to  95  per  cent,  or  equiv- 
alent strength  of  H2SO4  after  diluting  with  recovered  nitric.  Too  strong 
sulphuric  is  apt  to  promote  the  formation  of  lower  oxides  by  dehydration 
of  the  nitric  acid.  Too  early  an  application  of  the  fire  or  too  rapid  intro- 
duction of  the  sulphuric,  or  too  high  a  temperature  of  the  still  are  all  apt 
to  produce  irregular  and  incomplete  mixing  of  the  charge  by  distilling 
out  too  much  nitric  in  the  initial  stage  of  the  operation.  When  all  ooodi- 
tions  are  right,  a  gradual  and  steady  distillation  should  be^  when  about 
one-third  of  the  sulphuric  acid  has  been  introduced  and  should  only 
reach  its  full  strength  just  after  the  last  of  the  sulphuric  has  been  added. 

Condensation.  There  are  two  general  methods  of  carrying  out  the 
condensation  of  nitric  acid.  In  the  older  method  the  condensed  acid 
brings  down  with  it  such  lower  oxides  and  chlorine  as  it  may  carry  and  the 
product  is  separated  into  stronger  or  weaker  fractions  according  to  the 
requirements  of  the  market  and  the  uses  to  which  it  is  to  be  put  in  the 
plant.  This  system  is  naturally  best  adapted  to  the  production  of  extremely 
high  strei^h  acid,  because  of  the  separation  of  various  fractions.  It  ia 
necessary,  however,  to  treat  the  acid  thus  produced  in  order  to  purify 
it.  This  is  done  by  beating  the  acid  and  btowii^  out  the  impurities  with 
dry  air.  Some  of  the  high  strength  secured  is  lost  because  of  the  ten- 
dency of  the  strong  nitric  to  distill  out  of  the  mixture.  The  other  method 
consists  in  treating  the  distillates  from  the  still  on  the  refiux  ccmdenser 
principle  and  making  the  heated  gases,  sometimes  mixed  with  a  little  air, 
coming  from  the  still  serve  the  purpose  of  bleaching  the  acid,  thereby 
producing  substantially  the  entire  output  of  the  still  at  a  somewhat  lower 
percentage,  but  all  of  highly  bleached  and  purified  quality  so  far  as  lower 
oxides    and    chlorine   are    concerned.     Other   systems   of   condoosatioa 
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combine,  to  a  greater  or  less  d^ree,  the  two  different  characteristics  above 
outlined.  Three  or  four  such  systems  will  be  described;  in  the  first  instance 
to  show  the  extreme  of  condensation  and  subsequent  purification  and  in 
the  last  to  show  tlie  extreme  of  complete  production  and  automatic  bleach- 
ing by  the  action  of  the  hot  gases. 

Fig.  109  illustrates  the  condensing  plant  designed  to  operate  under 
the  first  mentioned  systems,  i.e.,  collection  and  subsequent  purification 
of  the  acid.  The  distillate  from  still  A  passes  over  into  a  first  receiver 
B  designed  to  catch  any  impurities  carried  over  by  foaming  or  excessive 
violence  of  distillation.  The  acid  in  this  receiver  is,  however,  under  normal 
conditions,  clear  and  pure  enough-  for  use  along  with  the  major  portion 
of  the  production.  Provision  is  therefore  made  for  carrying  this  acid 
down  by  the  pipes  C  and  the  gutters  D  to  the  general  receiving  reservoir 
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after  it  has  been  examined  and  proved  satisfactory  for  use.  The  greater 
portion  of  the  gas,  however,  passes  up  through  the  pipe  F  and  is  condensed 
in  coils  Q  surrounded  by  water  in  a  wooden  tank,  whence  the  condensed 
acid  flows  alot^  with  the  imcondensed  remainder  of  gas  into  the  receivers 
H.  Herein  collects  the  greater  portion  of  the  condensed  acid  and  it  is 
not  unusual  to  provide  a  pair  of  receivers  in  the  position  H,  one  intended 
for  strong  and  the  other  for  weak  acid.  In  the  pipe  between  G  and  H 
is  provided  a  three-way  cock  so  that  the  acid  according  to  its  strength  may 
be  separated  into  one  or  other  of  the  receivers.  Two  reservoirs  E  are 
provided  for  receiving  the  acid  respectively  from  the  two  receivers  H, 
whether  it  be  strong  or  weak.  After  leaving  the  receiver  H  the  gases  pass 
over  into  a  second  receiver  /  wherein  the  residual  portion  of  suspended 
liquid  may  be  collected,  as  also  the  return  drips  from  the  gas  pipes  leading 
into  the  recovery  towers  K  and  L.  This  gas  line  is  provided  with  branches 
J'  to  bring  the  gases  from  the  receiving  tank  M  into  which  strong  acid 
is  blown  from  the  receiver  E  when  it  is  desired  to  bleach  the  acid;  also 
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the  branch  J"  from  the  receiver  E  to  carry  off  any  uaoxidized  gases  that 
may  be  generated  in  that  receiver  and  the  branch  J'"  from  the  receiver 
at  the  top  of  the  tower  into  which  the  stronger  spraying  acid  is  blown. 
The  two  towers  K  and  L  are  connected  in  series,  packed  with  coke  and 
provided  with  an  outlet  N  connected  with  a  chimney  or  other  source  of 
draft.  In  these  towers  the  lower  oxidai  of  nitix^en  tu-e  absorbed  in 
respectively  stronger  nitric  in  the  tower  K  and  water  in  the  tower  h  and 
oxidized  by  the  air  which  comes  through  the  system  along  with  these 
gases  from  various  leakages,  etc.  The  weak  liquid  going  down  the  tower 
L  passes  through  the  pipe  I  into  the  receiver  V  whence  it  goes  into  an  air 
lift  I"  and  is  thrown  up  thereby  into  the  storage  tank  F  at  the  top  of  the 
other  set  of  towers.  From  here  a  pipe  p  permits  the  exit  of  the  air  used 
in  blowing  to  the  atmosphere  because  the  acid  in  this  tower  is  so  weak 
that  little  gas  will  be  .carried  away  from  it.  From  the  tank  P  a  pipe 
returns  the  weak  acid  to  the  top  of  the  tower  L  which  contains  a  distrib- 
utor to  insure  equal  flow  of  acid  down  through  the  cross-section  of  the 
tower.  The  receiver  I  receives  a  slight  but  steady  flow  of  water  main- 
taining the  acid  in  the  system  of  the  tower  L  at  about  18"  to  20°  B£. 
Naturally  with  the  addition  of  water  absorption  of  gas  and  oxidizing  of 
this  gas  into  nitric  acid,  an  excess  of  acid  accumulates  in  the  tank  P. 
This  excess  is  permitted  to  overflow  by  gravity  to  the  pipe  p'  into  the  strong 
acid  receiver.  0,  from  the  bottom  of  which  a  supply  pipe  is  carried  to  the 
tower  K.  From  the  bottom  of  this  tower  K  a  pipe  i  carries  the  strong 
tower  acid  into  the  receiver  ft'  whence  it  passes  into  the  ^r-lift  k"  and  is 
elevated  into  the  receiver  0.  In  this  tower  the  stronger  gas  is  absorbed 
and  oxidized  and  a  portion  of  the  outflow  from  the  tower  K  is  permitted 
to  pass  out  through  the  valve  q  into  the  receiver  Q  for  the  recovered  tower 
acid  which  will  be  from  35'  to  40°  B^.  The  strong  acid  accumulated 
in  the  receiver  E  is  elevated  by  a  Montejus  or  air  lift,  not  shown,  into  the 
receiver  M,  which  is  the  acid  supply  reservoir  for  the  bleaching  system. 
From  here  it  is  allowed  to  flow  in  a  slow  stream  through  the  coil  R  immersed 
in  a  hot  water  tank  and  thence  into  the  tower  iS, which  is  likewise  immersed 
in  a  deeper  hot  water  tank  and  is  fllled  with  pumice  stone  or  coke.  The 
temperature  of  the  hot  water  in  the  two  tanks  is  carefully  regulated  to 
heat  the  acid  to  approximately  80°  C.  and  a  slow  stream  of  air  is  supplied 
to  the  bottom  of  the  tower  S  through  pipes  not  shown.  The  acid 
warmed  up  in  the  coil  R  and  flowing  down  over  the  extended  surface  of 
the  coke  or  pumice  in  the  tower  S  is  fully  exposed  to  this  stream  of 
warm  air  and  thua  oxidized.  At  the  same  time  lower  oxides  of  nitrogen 
not  thus  oxidized  are  blown  out  by  the  stream  of  pir  into  the  coil 
above. 

This  coil  is  connected  as  a  reflux  and  is  given  a  very  small  supply 
of  water,  since  the  object  is  only  to  condense  the  liquid  which  might  be 
carried  out  with  the  gas.  The  lower  oxides  pass  out  through  the  coil 
T  into  the  strong  tower  t/  of  a  separate  recovery  system,  where  they 

D,uMZK;l;,V.OOglC 


NITRIC  ACID 


are  oxidized  as  were  the  lower  oxides  from  the  generating  plant  in  the  tower 
K.  Likewise  a  second  tower  B  for  weak  acid  is  provided  similar  to  the 
tower  L.  The  supply  of  acid  for  V  is  taken  from  the  reservoir  0  which 
supplies  the  other  strong  tower  K  and  the  weak  acid  for  supplying  the 
tower  V  is  taken  from  the  reservoir  P.  The  outflow  linea  at  the  bottom 
of  the  towers  U  and  V  respectively,  join  the  lines  k  and  I  respectively 
from  the  stroi^  and  weak  recovery  towers  connected  with  the  generating 
system  and  the  same  air  lifts  furnish  a  continuous  supply  for  both  the 
decomposing  and  the  bleaching  system.  After  passing  down  through 
the  heated  tower  S  the  acid  is  entirely  freed  from  chlorine,  contains 
less  than  0.10  per  cent  lower  oxides  figured  as  N2O3  and  is  received  in 
the  jar  W  for  test  and  examination,  whence  it  is  run  by  a  pipe  not  shown 


F[Q.  110. 
into  the  final  receiver  for  bleached  acid  X.  This  system  will  seem  to  be 
somewhat  complicated,  but  it  ia  found  to  be  thoroughly  efficient  and  lends 
itself  readily  to  careful  control  to  the  quality  of  acid  at  various  points. 
Some  of  the  larger  manufacturers  of  strong  nitric,  for  use  in  making  mixed 
acid,  both  in  this  country  and  abroad,  use  this  system,  with  great  success. 
From  94  to  96  per  cent  recovery  of  the  nitric  from  nitrate  of  soda  is  made 
and  the  average  strength  of  all  acid  produced  retumins  weak  acid  from 
the  receiver  Q  into  retort  A  along  with  the  sulphuric  acid  used,  is  about 
88  to  89  per  cent  without  special  dryihg  of  the  nitrate  of  soda  and  using 
sulphuric  acid  of  about  98  per  cent  before  dilution  with  the  weak  nitric. 
Gntmann  CondeilEer.  Somewhat  similar  in  principle  though  less  com- 
plicated in  arrangement  is  the  condenser  system  of  Gutmaiin  illustrated  in 
Fig.  110.  Here  the  gases  from  thestillsvl,  A',  etc.,  are  taken  over  through 
the  long  stoneware  pipes  B,  to  preliminary  receivers  C,  C,  etc.,  similar 
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to  those  used  in  the  plant  just  described.     These  serve  a  similai  pur- 
pose, i.e.,  to  catch  any  suspended  or  entrained  matter  that  may  be  carried 


over  by  foaming  or  by  excessive  violence  of  gas  evolution.     Fig.  Ill 
Bhows  a  side  view  of  the  same  plant  and  Fig.  112  an  end  elevation.    As 
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will  be  seeo  in  the  side  view  the  receivers  C  are  in  this  case  also  connected 
with  the  general  acid  line  to  the  finished  acid  receivers  so  that  if  the 
acid  collected  in  the  receiver  C  proves  of  satisfactory  quality  it  can  be 
run  ID  with  the  rest  of  the  production  from  the  plant.  From  this  receiver 
the  gases  pass  up  through  the  pipe  D  into  a  series  of  vertical  earthenware 
pipes  set  in  water  in  a  wooden  tank.  The  joints  are  made  just  above  the 
surface  of  the  water  and  just  below  the  bottom  of  the  tank.  The  pipes 
passing  out  through  slightly  tapered  holes  in  the  bottom  being  surrounded 
with  heavy  rubber  rings,  stand  down  into  the  hole  so  as  to  make  a  water- 
tight joint.  The  water  in  this  tank  is  maintained  slightly  warm  and  by 
proper  manipulation  a  well  bleached  acid  can  be  obtained.  The  gases 
after  passing  through  these  water-cooled  pipes  unite  in  a  general  gas 
main  which  conveys  them  to  the  final  recovery  tower,  which  is  sprayed 
with  acid  from  a  receiver,  not  shown  in  the  drawing,  in  a  manner  similar 
to  that  described  in  the  previous  plant.  ,  Here,  however,  only  one  tower 
is  customarily  used  and  the  weak  acid  made  is  not  as  strong  as  that 
obtuned  in  the  other  installation.  Lanterns  are  provided  for  observing 
the  color  of  the  gases  and  ctHttrolling  in  tttia  manner  the  draft  of  a 
chimo^  connected  to  the  pipe  through  a  final  receiver  intended  to  catch 
any  last  traces  of  suspended  acid  coming  over  from  the  splash  of  the 
distributor  in  the  tower.  The  yield  from  the  Gutmann  plant  is  ex- 
cellent and  substantially  all  the  acid  is  made  in  a  ready  bleached 
condition,  but  the  securing  of  thb  result  requires  somewhat  careful  manip- 
ulation of  the  cooling  water,  and  where  there  is  no  chamber  plant  to 
receive  the  weak  acid  made  in  the  tower  it  is  de^rable  to  have  two  towers 
in  series,  so  as  to  produce  the  weak  acid  of  somewhat  higher  strength  that 
can  be  used  to  better  advantage  in  mixii^  with  the  sulphuric  supplied 
to  the  retort.  An  injector  is  inserted  in  the  gs,s  pipe  between  the  still 
and  the  first  receiver  and  supplied  with  compressed  air  heated  by  passing 
through  pipes  set  in  the  brickwork.  This  hot  air  serves  two  purposes: 
First,  to  quickly  draw  the  gases  away  from  the  still  and  so  far  as  pos^ble 
shorten  their  contact  with  the  hot  iron,  and  in  the  second  place  it  supplies 
the  necessary  oxygen  to  carry  on  a  ccoisiderable  amount  of  oxidation  of 
the  lower  oxides  of  nitrogen  in  the  pipes  B,  the  receiver  C  and  the  warm 
condensing  pipes  immersed  in  the  tanks. 

Sko^imd  Cmdenser.  In  most  nitric  acid  plants  the  (dm  is  to  combine 
the  condensation  and  bieachii^  into  a  single  step,  by  doing  the  condensa- 
tion at  such  a  temperature  that  as  little  of  the  lower  oxides  of  nitn^n 
shall  be  condensed  with  the  acid  as  possible  and  that  in  the  second 
place  what  little  is  condensed  shall  be  supplied  with  sufficient  hot  air  to 
carry  out  its  oxidation  at  once  and  produce  in  a  single  step  a  water-white 
acid  of  high  strength.  The  simplest,  and  in  the  writer's  opinion  the 
most  efficient,  apparatus  for  this  purpose  is  the  condenser  system  of 
Skoglund,  see  Fig.  113.  It  is  characterized  by  the  carrying  out  of  this 
preliminary  condensation  and  bleaching  action  in  a  tower  somewhat 
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Bimilar  to,  though  smaller  in  size  than  the  final  towers  used  for  the  oxi- 
dation of  lower  oxides  that  cannot  be  condensed.  From  the  still  A  the 
gases  pass  over  in  the  usual  man- 
ner into  a  tourille  or  jar  B,  serving 
as  a  sort  of  safety  bottle  to  catch 
any  suspended  matter  that  may  be 
carried  over  when  the  still  foams. 
From  here  they  pass  through  a 
pipe  C  into  a  special  injector  pipe 
D  whidh  is  arranged  to  be  served 
with  compressed  air  and  thence 
into  the  bottom  of  the  tower-F. 
This  tower  is  filled  with  lumps  of 
quartz  through  which  the  hot  gases 
mixed  with  air  pass  upward,  while 
the  acid,  after  condensation.  Sows 
downward.  From  the  top  of  the 
tower  the  gases  pass  throu^,a  condenser  which  is  generally  a  water-cooled 
coil.  In  this  figure  It  is  shown  as  an  air-cooled  series  of  pipes  0  which 
may,  however,  be  water  cooled  if  desired  by  covering  each  with  a  piece  of 
linen  and  trickling  water  down  upon  them  from  above.  The  purpose 
of  the  linen  is  to  distribute  the  film  of  water  equally  over  the  surface  of 
the  pipes  and  not  permit  it  to  Sow  through  certain  lines  caused  by  salt 
deposits,  thus  producing  irr^^lar  cooling  and  consequent  breakage  of 
the  pipes.  From  this  condenser  the  gases  pass  over  by  a  pipe  F  to 
the  bottom  of  the  tower  H  and  thence  through  the  tower  H',  both  of  which 
are  similar  to  the  final  towers  in  either  of  the  other  systems  described, 
The  acid  produced  in  the  condenser  G  flows  downward  through  the  tower, 
entering  it  at  almost  the  boiling-point,  which  temperature  is  maintained 
throughout  its  entire  flow  over  the  surface  of  the  quartz.  Accumulatmg 
at  the  bottom  of  the  tower,  the  acid  then  Sows  out  through  the  pipe  / 
into  the  small  jar  or  tourille  J,  whence  it  flows  through  the  cooling  worm 
K,  out  of  the  top  of  this  worm  through  the  overflow  L  and  into  the  final 
storage  jar  M.  Similar  storage  jars  are  provided  for  the  acid  from  the 
towers  H  and  H'so  that  it  may  be  returned  with  the  sulphuric  acid  into 
the  still  A.  Through  the  center  mouthpiece  of  the  jar  /  another  hot-air 
pipe  is  carried  to  the  bottom  of  the  acid  in  /  and  the  large  mouthpiece 
of  J  is  connected  with  a  similar  inlet  to  the  tower  so  that  instead  of  using 
the  injector  through  the  pipe  D  aJr  is  preferably  blown  through  the  hot 
acid  collected  in  the  jar  J  and  the  gases  thus  removed  carried  back  into 
the  tower.  In  order  to  maintain  this  tower  at  a  high  temperature  it  is 
customary  to  connect  3  or  4  stills  charged  in  rotation  to  a  sii^le  tower. 
Eit  er  the  bottom  of  the  tower  is  provided  with  inlets  on  three  or 
four  sides,  or  else  a  common  gas  main  is  employed,  into  which  the  injectors 
Dare  connected.    ThejarBisa-sbcstos-covcred  but  it  cools  down  consider- 
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ably  after  each  chat^  and  eerving  as  a  sort  of  preliminary  condenser  to 
catch  the  first  weaker  acid  that  comes  over  when  the  still  Is  charged.  In 
Bome  cases  this  acid  is  added  to  the  condenser  acid  at  the  top  of  the  tower 
by  means  of  a  specially  provided  neck,  but  generally  it  is  mixed  with  the 
sulphuric  acid  and  the  weaker  acid  from  the  final  towers  H  and  H',  the 
irhole  being  returned  to  the  still  with  the  nitrated  soda  of  the  succeeding 
charge.  Using  moderately  dry  (not  specially  dried)  nitrate  of  soda  and  98 
or  99  per  cent  sulphuric  diluted  with  the  weak  nitric  acid  to  a  strength 
of  approximately  93  per  cent  H2SO4,  the  average  output  from  this 
plant  is  from  89  to  90  per  cent  in  strength,  perfectly  water-white  and 
substantially  free  from  chlorine.  The  operation  is  conducted  under 
a  slight  suction.  As  the  tower  E  is  carefully  jacketed  with  insulating  mate- 
rial so  as  to  maintain  its  high  temperature  and  protect  it  from  contact 
with  the  cold  air,  and  the  pipes  C  and  D  are  also  carefully  jacketed,  there 
is  practically  no  risk  of  breakage  except  of  the  air-cooled  pipes  O.  This 
breakage  is  as  small  as  can  be  credited  to  any  form  of  nitric  condensation. 

Contact  Process.  One  marked  development  of  the  waf  has  been  the 
production  of  nitric  acid  by  the  oxidation  of  NH3  gas,  passing  it  mixed 
with  air  over  contact  materials  and  absorbing,  oxidizing  and  concentrating 
the  oxides  of  nitrogen  produced.  Direct  oxidation  of  the  nitrogen  in  the 
air  by  burning  it  in  the  electric  arc  has  proven  too  expensive  even  for  war 
purposes  except  in  the  few  locations  having  very  cheap  waterpower  (about 
half  the  price  of  power  at  Niagara  Falls).  But  synthetic  production  of 
ammonia  from  hydrogen  of  water  and  nitrogen  of  air  has  been  perfected 
by  the  cyanamid  process  and  by  the  Haber  direct  synthesis  over  a  contact 
mass  under  high  pressure,  until  either  system  is  capable  of  producing  NH3 
gas  at  a  cost  of  about  8  cents  per  lb.  This  permits  the  production  from 
the  NH3  of  HNO3  by  a  process  very  similar  to  the  contact  process  of 
making  sulphuric  acid,  and  at  a  cost  approximating  4  cents  per  lb.  The 
development  of  this  branch  of  the  nitric  acid  industry  in  this  country  is, 
however,  stiU  in  too  much  of  a  transition  stage  to  be  described  in  detail 
here. 

Storage  and  Packing.  Nitric  acid  is  stored  in  stoneware  pots  or  in  the 
carboys  to  be  shipped.  For  the  manufacture  of  mixed  acid,  however,  it 
is  most  conveniently  stored  along  with  a  portion  of  the  sulphiuic 
acid  with  which  it  is  necessary  to  mix  it.  When  contfuning  5  per  cent 
of  sulphuric  acid  and  not  over  3  per  cent  of  water,  the  mixture  may 
be  quite  safely  stored  in  iron  tanks  for  an  indefinite  period.  Iron 
is  much  preferable  to  lead  for  strong  acid,  while  stoneware  is  better  than 
either  for  weaker  acid.  The  carboys  used  for  the  shipment  of  nitric  acid 
are  usually  not  packed  with  hay  because  of  the  risk  of  fire  should  a  carboy 
be  broken  and  the  strong  nitric  acid  come  in  contact  with  the  oiganic 
material.  The  rubber-packed  carboys  described  under  the  chapter  on 
sulphuric  acid  are  much  preferable  for  nitric  acid. 
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SALT,  HYDROCHLORIC  ACID,  AND  SODIUM  SULPHATE 

OWEN  L.  SHINN, 

Pro/eator  of  Applied  Chemittry,  Univeraity  of  Pennsi/lvania 

Salt  Common  salt  has  been  known  and  used  since  the  time  of  the 
earliest  man.  It  is  an  important  constituent  of  food  for  both  man  and 
animals.  It  is  found  in  all  parts  of  the  world.  Small  amounts  are  pres- 
ent in  most  river  waters,  and  some  spring  waters  are  impregnated  with 
lai^e  quantities  of  it.  Sea  water  contains  it  to  the  extent  of  about  3  per 
cent,  while  the  water  of  the  Dead  Sea  contains  about  10  per  cent,  and  that 
of  the  Great  Salt  Lake,  9.7  per  cent.  It  is  also  found  in  lai^  deposits 
as  rock  salt,  where  it  may  exist  in  a  colorless,  transparent  fonn  or  with 
varyii^  grades  of  purity  down  to  a  marl-like  mass  which  contains  but  little 
salt.  The  deposits  that  are  worked  usually  consist  of  salt  not  in  trans^ 
parent  condition,  but  in  a  white,  gray,  or  red  massive  state.  When  it  is 
transparent  it  will  split  out  in  cubes,  but  there  is  no  cleavage  in  its  more 
impure  conditions.  There  are  many  deposits  of  rock  salt  in  Germany  and 
Austria,  the  most  important  being  at  Stassfurt.  In  Spain  there  is  a  bed  of  ' 
importance;  and  in  fact  all  coimtries  possess  some  salt  deposits.  The 
United  States  leads  all  countries  in  the  production  of  salt,  furnishing  in 
1912,  33,334,808  barrels  of  two  hundred  pounds.  Of  the  various  States 
Michigan  produces  the  largest  quantity;  in  1912  this  State  furnishing 
nearly  11,000,000  barrels.  While  the  output  of  New  York  is  over  400,000 
barrels  less  than  that  of  Michigan,  the  quality  makes  it  much  more  val- 
uable. The  value  of  the  1912  production  was  J2,697,280.  New  York 
haa  led,  as  far  as  value  goes,  for  the  last  Eve  years.  Louisiana  leads 
in  the  production  of  pure  rock  salt,  but  important  workings  are  also 
found  in  Kansas,  Colorado,  and  other  States.  An  immense  body  of  salt 
underlies  the  whole  of  central  Kansas,  the  exact  extent  is  not  definitely 
known.  It  varies  in  thickness  from  a  few  feet  to  over  400  feet.  The 
deposits  are  not  pure  salt,  but  layers  of  from  a  few  inches  to  20  feet  in 
thickness  alternate  with  layers  of  rock  consisting  of  shale,  limestone,  and 
gypsum.  The  salt  itself  is  from  96  to  98  per  cent  pure.  The  layers  are 
imiform  in  composition,  but  different  layers  vary  greatly  in  purity. 
The  lower  layers  contain  much  gypsum,  while  the  upper  portion  is  quite 
dark  in  color.  These  deposits  are  not  worked  to  the  limit  as  the  market 
does  not  demand  it.    The  product  is  as  a  rule  used  without  purification. 
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Rock  salt  and  brine,  with  few  raiceptionB,  contain  ao  much  impurity 
that  for  the  table  and  for  many  manufacturing  purposes  the  aalt  must  be 
purified  before  use. 

Properties.  Sodium  chloride  is  a  colorless,  crystalUne  solid,  with  a 
specific  gravity  of  2.13,  crystallizing  in  cubes  often  with  hollow  faces.  It 
melts  at  815°  C.  or  l500°  F.,  and  volatilizes  below  a  white  heat.  There  is 
little  difFerence  in  the  solubility  of  salt  in  hot  and  cold  water,  100  parts  of 
water  at  0°  dissolving  36  parts  of  salt,  while  100  parts  of  water  at  boiling 
temperature  dissolve  39  parte.  This  fact  makes  it  possible  to  separate  salt 
from  its  impurities,  as  most  other  substances  are  much  more  soluble  in  hot 
than  in  cold  water.  Absolutely  pure  salt  is  not  hygroscopic,  but  ordinary 
salt  will  attract  moisture  from  the  air,  sometimes  in  quantities  sufficient  to 
form  a  paste.  This  is  due  to  the  presence  of  admixed  calciima  or  magnesium 
chloride,  which  always  accompanies  salt  in  ite  deposits. 

Theory  of  Deposits.  The  salt  beds  always  give  indications  of  being  the 
result  of  the  drying  up  of  salt  seas.  In  these  deposits  the  admixed  salts  are 
found  in  the  relative  order  of  their  solubility.  On  the  bottom  are  found 
the  insoluble  calcium  sulphate,  calcium  and  magnesium  carbonates,  while 
on  the  top  are  the  dehquescent  chlorides  of  calcium  and  magnesium,  with 
the  chlorides  of  sodium  and  potassium  and  their  sulphates  and  the  sulphate 
of  magnesium  intermediate  in  the  order  of  their  solubiUty.  In  the 
Stasefurt  deposits  sixteen  different  salts  may  be  recognized.  The  prob- 
lem of  producing  conmiercial  salt  is  to  separate  it  from  its  impurities, 
and  this  is  done  usually  by  recrystallization. 

Woifeing  of  Deposit  The  working  of  the  salt  deposits  is  dependent 
upon  the  purity.  In  Germany,  Louisiana,  and  many  other  deposite 
the  salt  is  mined.  Shafts  are  sunk  and  galleries  are  run,  often  a  mile 
or  more  in  length.  The  salt  is  under  cut  and  then  blasted  down  from 
above  with  low-power  dynamite.  The  broken<down  mass  is  taken  to 
the  mill  and  run  between  corrugated  rollers.  The  crushed  salt  is  screened 
to  various  siKfl,  the  finer  grades  being  blown  to  remove  the  dust.  One 
ColOTado  deposit  is  in  the  form  of  a  crust  over  an  underground  lake  of 
brine.  Id  working  this  deposit  the  earth  is  removed  and  the  salt  cut 
like  ice,  washed  in  the  brine,  and  then  crushed.  In  other  deposite,  as 
in  New  York  and  Ohio,  the  location  of  the  bed,  or  the  large  quantity  of 
admixed  clay  or  earthy  matter,  renders  this  method  impractical,  and  the 
salt  is  removed  from  the  ground  by  boring  wells,  dissolving  out  the  salt 
with  water,  and  pumping  to  the  surface  by  turbines  forced  down  to  the 
bottom  of  the  pipe.  In  this  case  it  is  important  to  protect  the  upper 
part  of  the  wells  with  pipes  to  prevent  the  absorption  of  the  brine  by  the 
surface  soU.  The  brine,  whether  natural  (sea  water,  spring  water)  or 
artificial,  must  now  be  concentrated.  This  may  be  done  either  by  natural 
evaporation  through  the  aid  of  the  sun  or  by  the  use  of  fuel.  A  means  of 
purifying  both  rock  salt  and  brine  in  one  process  consiste  in  saturating 
the  latter  with  the  former  and  then  crj^tallizing.    In  warm  countries, 
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as  along  the  shores  of  the  Mediterranean  and  in  California,  the  sea  water 
is  collected  in  reaervoirs  and  then  exposed  in  shallow  basins  to  the  heat 
of  the  sun,  the  salt  being  removed  as  it  crystallizes,  placed  in  heaps, 
and  allowed  to  drain  and  dry.  One  plant  in  California,  covering  600 
acres,  divided  into  seven  basins,  requiring  15  miles  of  levees,  produces 
2000  tons  of  salt  a  year.  Ponds,  protected  by  tide  gates,  are  flooded 
from  the  ocean  at  high  tide  every  two  weeks.  The  water  is  pumped  into 
secondary  basins  where  the  level  is  maintained  constant  for  two  weeks. 
It  will  reach  the  concentration  of  1.04.  In  a  second  set  of  ponds  the  bulk 
of  the  calcium  carbonate  and  gypsum  will  be  deposited.  In  the  next 
series  of  basins  the  crystallization  takes  place.  When  the  density  of  the 
brine  reaches  1.15,  it  is  run  into  the  "bittern"  pond.  If  the  brine  is 
allowed  to  concentrate  above  1.15,  potassium  and  magnesium  salts  will 
be  deposited.  Very  little  use  can  be  made  of  the  salts  in  the  bittern. 
When  the  ponds  are  drained  a  layer  of  7  to  8  inches  of  salt  will  remain, 
this  is  at  the  rate  of  about  110  tons  per  acre.  The  season  is  from  May  to 
October.  This  is  so  impure  that  it  must  be  refined  before  it  can  be 
used  for  table  or  dairy  purposes.  A  process  similar  to  this  is  practiced 
in  working  the  salt  in  Great  Salt  Lake.  The  water  is  pumped  into 
crystallizing  ponds,  which  are  simply  large  areas  enclosed  with  mud 
banks  about  2  feet  high  and  divided  into  smaller  basins.  The  total  area 
of  these  ponds  is  about  2  square  miles.  The  crystallization  is  carried  on 
from  March  15th  to  September  15th,  after  which  time  the  Uquid  "  bittern  " 
is  run  back  into  the  lake  and  the  "  crop  "  gathered.  The  "  crop  "  consists 
of  a  layer  of  about  6  inches  of  salt,  or  about  90  tons  per  acre.  The 
brine,  which  was  run  back  into  the  lake,  carries  with  it  the  bulk  of  the 
impuntiea,  particularly  the  calcium  and  magnesium  salts,  but  the  gathered 
salt  is  largely  contaminated  with  sodium  sulphate.  This  impurity  is 
removed  by  drying,  when  the  sulphate  will  efOoresce  and  be  reduced  to  a 
fine  powder.  When  this  powder  is  acted  upon  by  a  current  of  compressed 
air,  the  fine  sulphate  will  be  blown  away,  leaving  the  coarser  salt.  'When 
this  is  ground  and  screened,  it  contains  about  9S  per  cent  of  sodium 
chloride.  The  fine  material  which  was  blown  out  contains  about  75 
per  cent  of  salt;  this  is  pressed  in  cakes,  and  is  used  for  cattle  and  sheep. 
This  salt  is  not  very  satisfactory  for  dairy  purposes,  owing  to  the  sulphates 
which  it  still  contains.  In  Norway  and  other  cold  countries  the  sea 
water  is  concentrated  by  freezing  the  water  in  enclosed  basins,  then 
pumping  out  the  still  Uquid  part,  which  contains  all  of  the  salt,  and 
evaporating  to  crystallization. 

Purification  of  Salt.  For  the  production  of  table  salt  some  form 
of  purification  must  be  given  to  most  natural  salts.  This  purification 
may  be  of  the  solid  salt  or  the  brine.  A  method  used  in  the  purification 
of  solar  salt  consists  in  washing  by  means  of  brine.  The  brine  flows 
through  a  narrow  box  and  the  solid  salt  is  carried  through  by  means  of  a 
screw  conveyor.     It  is  then  washed  by  spraying  first  with  sea  water  and 
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then  with  fre^  water.  The  washings  are  returned  to  the  process.  This 
same  method  is  used  to  purify  rock  salt,  using  a  solution  of  pure  salt  in 
pure  watei  for  washing.  This  method  will  not  remove  any  sulphates 
that  may  be  present  in  the  rock  salt. 

An  English  method  is  used  abroad  to  some  extent.  This  consists 
in  melting  rock  salt  and  forcing  air  through  the  molten  mass  which  is 
maintained  in  a  state  of  quiet  fusion  for  some  time.  The  molten  salt 
ia  then  allowed  to  Sow  over  a  dam  into  a  second  chamlier  and  then  into  a 
revolving  cooler  where  it  will  solidify.  The  main  operation  in  this  process 
is  the  settling  after  oxidation.  This  method  has  not  come  into  use  in 
this  country  but  is  quite  common  in  Ireland. 

Brines  are  treated  chemically  to  precipitate  the  calciimi  and  mag- 
nesium salts  which  are  the  chief  impurities.  Soda  ash  and  lime,  or  soda 
ash  and  caustic,  are  added  to  the  brine  which  is  then  run  into  settling 
tanks.  Occasionally  some  barium  chloride  is  added  to  precipitate  the 
sulphates.    This  treatment  must  precede  the  soda  addition. 

A  more  modem  method  consists  in  electrolyzing  a  portion  of  the 
brine  producing  some  sodium  hydroxide,  carbon  dioxide  is  blown  through 
the  solution,  thus  producing  carbonate.  This  solution  is  then  added  to 
the  raw  brine  whereupon  the  iron,  calcium,  and  magnesium  will  be 
precipitated;  these  are  filtered  out  and  the  solution  evaporated. 

The  impurities  found  in  ordinary  salt  and  brines,  while  impartii^ 
an  objectionable  color  and  a  bitter  taste  to  the  salt,  are  not  of  a  markedly 
deleterious  character  as  to  the  food  value.  Salts  of  barium  do  not 
belong  to  this  class,  and  salt  deposits  and  brines  containing  this  metal 
have  not  been  looked  upon  as  having  any  great  value.  It  is  true  that 
this  salt  has  been  marketed  plainly  labeled  "  not  to  be  used  for  food," 
or  "  do  not  feed  to  stock,"  but  numerous  cases  of  poisoning  have  been 
reported  and  the  cause  directly  traced  to  the  presence  of  barium. 
Many  of  the  brines  of  the  Ohio  valley  contain  barium  to  a  considerable 
extent;  great  care  must  be  exercised  in  the  purification,  and  lai^e  quan- 
tities of  "off  grade"  salt  are  collected.  Recently  a  method  has  been  de- 
veloped for  the  removal  of  barium  from  brines  and  the  production  of  a 
high  grade  salt  from  the  impure  raw  material.  The  method  consists 
in  adding  sodium  sulphate  in  quantity  30  per  cent  in  excess  of  that  required 
to  balance  the  barium.  Unless  this  excess  is  taken,  the  barium  is  not  com- 
pletely precipitated,  and,  if  too  much  ia  taken,  the  calcium  sulphate  will  be 
deposited  in  the  form  of  a  hard  insulating  scale  upon  the  steam  pipes. 
Not  only  does  the  sulphate  treatment  remove  the  barium,  but  it  also  aids 
in  the  removal  of  the  iron,  which  will  be  deposited  in  the  form  of  a  sludge 
with  the  barium  sulphate. 

In  some  places  the  "  bittern  "•  is  of  no  value,  but  in  other  localities 
it  forms  an  important  source  of  bromine  and  magnesium  salts. 

Evaporation  of  Brine.  The  usual  form  of  apparatus  for  evaporating 
the  brine  by  artificial  heat  is  a  long,  narrow,  shallow  pan,  heated  at  one , 

D,uMZK;l;,V.OOglC 


212  INDUSTRIAL  CHEMISTRY 

end  and  with  flues -runniiig  the  entire  length.  These  pans  vary  from  40 
feet  to  over  100  feet  in  length  and  from  10  to  25  feet  in  width.  The  salt 
is  raked  out  as  it  forms.  The  most  difficult  impurity  to  remove  here  is 
calcium  sulphate,  which  collects  in  the  form  of  a  scale  on  the  pan.  This 
must  be  removed  or  local  superheating  will  result  in  the  destruction  of 
the  pan.  Various  attempts  have  been  made  to  use  the  vacuum  pan  in 
the  aalt-boiling  industry,  but,  on  account  of  the  separation  of  anhydrous 
calcium  sulphate,  this  process  can  not  be  used  with  all  brines.  In  many 
plants  multiple  effect  vacuum  pans  are  used.  As  a  rule  triple  effect  is 
the  most  satisfactory,  and  can  be  used  only  after  the  brine  has  been 
purified.  Another  objection  to  the  use  of  vacuum  pans  for  raw  brines 
is  the  violently  corrosive  action  upon  the  pipes  due  to  the  free  acid  formed 
by  hydrolysis  of  the  magnesium  salts.  For  other  grades  the  "  grainer  " 
is  used.  The  grainer  is  a  long  shallow  tank  containing  3-inch  steam 
pipes.  The  older  types  were  raked  by  hand,  but  the  newer  types  are  con- 
stantly raked  by  mechanical  rakes,  which  agitate  the  liquor  and  produce 
much  smaller  crystals.  In  the  boiling  of  salt,  if  a  small  quantity  of  fat 
or  oil  is  added  to  the  pan,  it  prevents  the  formation  of  a  crust  on  the  sur- 
face, which  would  retard  evaporation.  The  salt  which  is  fished  out  of 
the  pans  is  exposed  to  steam.  This  dissolves  out  the  more  soluble  chlorides 
of  calcium  and  magnesium,  after  which  it  is  whizzed  and  dried. 

Uses  of  Salt.  In  addition  to  its  use  for  table  and  dairy  purposes, 
sodium  chloride  is  used  in  preparing  sodium  sulphate,  sodium  carbonate, 
and  indirectly  for  the  production  of  all  sodium  salts.  It  is  used  in  tan- 
ning, wet  extracting  of  copper  and  silver  from  ores,  as  a  glaze  for  com- 
mon earthenware  or  stoneware,  and  as  a  food  preservative.  Hydrochloric 
acid  is  also  produced  from  common  salt. 

Grades  of  salt  are  numbers  1,  2,  3,  4,  C  fine,  packer's  fine,  and  lump. 
No.  1  is  most  used, — grains  about  }  inch;  No.  2,  grains  i  to  i  inch; 
No.  3,  over  i  inch;  No.  4,  coarse  evaporated;  C  fine  is  from  No.  1  down. 

No.  1  and  C  fine  are  used  for  salting  hides,  soap  making,  salt  cake, 
caustic,  freezing  brines  and  freezing  mixtures.  No.  2  is  sold  largely  to 
packers  and  used  for  freezing  mixtures;  No.  3,  in  refrigerators;  No.  4 
and  liunp,  for  stock  feeding. 

Some  countries  impose  a  tax  on  salt  used  for  table  or  dairy  purposes; 
commercial  salt  being  prepared  under  government  supervision  and  "  dena- 
tured "  by  the  addition  of  various  substances  which  would  render  it  unfit 
for  table  use,  such  as  Glauber's  salt,  soda  ash,  4-15  per  cent,  soda  crystab, 
12  per  cent,  sulphuric  acid,  2  per  cent,  strong  hydrochloric  acid,  2  per  cent, 
ammonia  liquor,  or  aniline  dye.  The  use  to  which  the  salt  is  to  be  put 
determines  the  denaturing  substances. 

Sodium  Sulphate.  Sodiiun  sulphate  occurs  in  nature  both  in  crystal- 
lized form  and  disserved  in  water.  Large  deposits  are  foimd  in  Arizona, 
Spain,  Peru,  Hungary,  Siberia,  and  Hawaiian  Islands.  Stane  salt  works 
evaporate  the  bittern  for  the  production  of  sulphate,  but  this  is  as  a 
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rule  contaminated  with  much  magnesium.  Much  of  this  sulphate  is 
pure  enough  for  technical  uses.  Nearly  all  natural  sulphate,  however, 
contains  enough  iron  to  make  it  unfit  for  glass  manufacture.  As  a  usual 
thing  sodium  sulphate  is  prepared  in  the  anhydrous  state,  and  only  a 
small  proportion  is  converted  into  the  crystallized  form. 

Tbe  ustial  method  of  preparing  salt  cake  is  by  the  action  of  sulphuric 
acid  upon  salt,  producing  hydrochloric  acid  as  a  byproduct.  In  this 
comitry,  where  the  Leblanc  soda  process  is  not  used,  hydrochloric  acid 
is  made,  and  the  sulphate  obtained  as  a  bj^product. 

In  the  mwiufactuie  <rf  nitric  acid  by  the  action  of  sulphuric  acid  upon 
soda  nitre,  the  sulphate  formed  is  NaHSO«,  which  is  of  very  little  technical 
use.  In  most  places  this  is  considered  a  true  waste  product  and  treated 
as  such.  If  vitriol  and  nitre  were  taken  in  the  proportion  required  to  pro- 
duce a  neutral  sulphate,  the  extra  cost  of  working  and  the  loss  by  decom- 
position would  more  than  balance  the  value  of  the  sulphate  formed.  In 
England  it  is  customary  to  mix  the  nitre  cake  with  the  salt  in  the  salt  cake 
furnace  and  work  it  up  in  that  way.  This  is  done  in  some  places  in 
this  comitry  and  the  practice  is  growii^.  Mechanical  furnaces  must 
be  used  in  this  process.  Many  other  methods  have  been  proposed  for 
making  sulphate,  but  the  only  one  to  meet  with  success  is  that  of  Har- 
greaves  and  Robinson,  which  has  been  used  to  some  extent  in  Europe 
since  1870,  but  finds  in  this  coimtry  limited  application,  due  largely  to  the 
fact  that  Leblanc  soda  is  not  made  here.  This  method  consists  in  passing 
sulphur  dioxide  (burner  gas),  oxygen  (air) ,  and  steam,  over  salt,  whereupon 
decomposition  takes  place: 

2NaCl-|-S02-|-0-|-H20  =  Na2S04+2Ha. 

The  salt  must  be  specially  prepared,  so  as  to  make  it  porous  and  thus 
easily  penetrated  by  the  gases.  This  is  done  first  by  grinding  the  salt, 
then  mixing  with  sawdust  or  coal  and  water,  moulding  into  a  cake,  and  dry- 
ing between  plates.  The  decomposition  takes  place  in  cast-iron  cyhnders 
arranged  in  a  battery  of  e^t,  six  of  which  are  in  use  while  the  other  two 
are  being  recharged.  The  principle  of  the  counter  currenta  is  used  here, 
tbe  fresh  salt  being  acted  upon  by  the  gas  almost  exhausted,  and  the  fresh 
gas  coming  in  contact  with  the  almost  converted  suli^iate.  The  gas  should 
be  in  tbe  ratio  of  2  sulphur  dioxide,  2  steam,  and  1  oxygen.  A  temperature 
of  400°  must  be  maintained.  The  yield  is  from  93  per  cent  to  £8  per  cent. 
Hargreaves'  method  is  not  satisfactory  unless  it  can  be  worked  on  a  lat^e 
scale. 

By  far  the  most  important  method  for  the  production  of  sulphate  is  the 
old  method  of  decomposing  salt  with  sulphuric  acid.  This  decomposition 
takes  place  in  two  stages:  firBt,  NaCl+H3S0*  =  NaHS04+HCl;  second, 
NaCl  +  NaHS04  =  Na2S04+Ha.  The  first  of  these  takes  place  at  ordi- 
nary tonperatures,  but  the  second  requires  considerable  heat.  The  actual 
decomposition  is  usually  accomplished  in  two  parts  of  the  furnace,  except 
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where  the  cylinder  furnaces  are  used.  Here  the  Operation  is  complete  in 
the  one  apparatus.  The  salt  and  sulphuric  acid  are  mixed  in  a  cast-iron 
pan,  and  gently  heated,  usually  by  waste  heat,  until  the  mass  becomes  stiff. 
It  is  then  pushed  over  onto  the  bed  of  a  reverberatory  furnace,  where  it  ia 
heated  until  all  the  acid  is  driven  off.  In  many  works,  instead  of  the  rever- 
beratory furnace,  a  muffle  keeps  the  acid  vapors  and  the  furnace  gas  sep- 
arate, and  prevents  contamination  of  the  sulphate  with  the  furnace  dust, 
thus  permittii^  the  use  of  coal  instead  of  coke  for  fud.  Durii^  the 
second  heating  the  mass  is  worked  by  rakes  and  slice  bars  in  order  to  insure 
complete  action. 

Formerly  the  pans  were  made  of  lead,  but  they  have  almost  entirely 
been  replaced  by  cast-iron  pans.  The  lead  pans  are  still  used  in  making 
salt  cake  for  the  plate-glass  mdustry.  The  iron  pans  are  circular  in  shape, 
from  10  to  14  ft.  in  diameter,  and  about  2  ft.  deep  (Fig.  114).  They  are, 
at  the  bottom,  6  to  7  ins.  thick,  and  on  the  sides, 
2  to  7  ins.  They  are  built  in  the  furnace  and 
covered  with  a  gas-tight  dome  of  firebrick,  and 
provided  with  an  earthenware  pipe  to  carry  away 
the  hydrochloric  acid.  Mechanical  salt  cake  fui^ 
naces  have  been  introduced  in  England,  but  they  are  objected  to  on 
account  of  the  introduction  of  a  considerable  quantity  of  iron  into  the 
salt  cake.  These  furnaces  consist  of  flat^bottomed  iron  pans,  provided 
with  a  shaft  canying  plows  to  keep  the  mass  thoroughly  worked  up. 
When  the  reaction  is  com^^ete  the  salt  cake  is  raked  out  and  allowed 
to  cool. 

Salt  cake  contains  from  93  to  99  per  cent  of  Na2S0i.  The  varying 
quantities  of  impurities  in  salt  cake,  such  as  NaHS04,  CaSO<,  FeS04, 
Fe203,  MgSOi,  Si02,  NaCl,  depend  upon  the  salt  used  and  the  kind  of 
furnace.  The  sulphate  from  Hat^reaves'  process  gives  a  purer  product, 
except  tliat  its  content  of  NaCl  is  high. 

Glauber's  Salt.  In  the  production  of  Glauber's  s^t,  the  salt  cake  is 
dissolved  in  hot  water,  filter  pressed,  and  run  into  coolers.  If  the  salt  is 
desired  inlai^e  crystals  (to  adulterate  crystal  soda),  the  coolers  are  made  of 
heavy  planking  and  so  protected  that  the  cyrstallization  takes  place  without 
any  agitation.  If  from  10  to  12  per  cent  of  soda  is  added  with  the  salt  cake, 
the  crystals  will  be  larger,  firmer,  and  more  like  soda.  If  small  granular 
crystals  are  desired,  the  hot  liquid  is  run  into  large  coolers,  and  when  the 
temperature  has  fallen  to  about  30°  C,  the  Uquid  is  agitated  either  by 
a  wooden  paddle  or  by  blowing  compressed  air  through  it;  this  yields 
the  sulphate  in  the  form  of  fine  needles,  much  resembling  Epsom's  salt; 
and  it  was  formerly  used  to  adulterate  and  even  as  a  substitute  for  that 
salt.  The  addition  of  some  soda  ash  before  crystallization  serves  the 
double  purpose  of  improving  the  appearance  of  the  crystals  and  precipi- 
tating the  iron.  A  httle  milk  of  lime  is  also  added  to  free  it  from  iron 
adulteration. 
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In  order  to  get  &  very  pure  Glauber's  salt,  the  crystals  first  obtained 
are  freed  from  the  mother  liquor  by  whizzing,  and  are  recrystallized. 
The  crystallizing  of  a  batch  of  sulphate  crystals  takes  from  five  to  e^ht  days 
in  winter,  and  from  fifteen  to  twenty  days  in  the  summer.  The  great 
change  in  the  solubility,  due  to  a  slight  change  in  temperature,  makes  it 
more  profitable  to  push  the  crystallization  during  the  winter  and  store  up 
the  material  during  the  summer. 

The  principal  uses  of  sodium  sulphate  are  soda  making,  glass  making, 
especially  window  and  bottle  glass,  and  for  making  ultramarine.  In  the 
form  of  Glauber's  salt  it  is  used  as  a  mordant,  in  the  production  of  thio- 
sulphate,  in  medicine,  especially  for  veterinary  uses,  and  in  the  making 
of  cooling  mixtures. 

Hydrochloric  Acid.  Hydrochloric  acid  occurs  in  nature  as  a  constit- 
uent of  volcanic  gases,  and  is  abo  found  dissolved  in  water.  Some  of  the 
head  streams  of  the  Amazon  and  other  South  American  rivers  have  small 
quantities,  but  with  no  commercial  value,  In-the  manufacture  of  hydro- 
chloric acid,  a  chloride,  either  a  natural  salt  or  a  waste  product  from  some 
industrial  operation,  is  used. 

Numerous  patents  have  been  taken  out  for  apparatus  to  bum  a  mixture 
of  hydrf^Q  and  chlorine.  This  has  not  met  with  any  application  as  yet. 
The  method  may  be  used  in  the  future  with  electrolysis  of  brine  as  the 
source  of  the  gases  and  caustic  as  a  side  product.  At  the  present  time, 
howew,  chlorine  and  bleach  are  of  more  value  than  the  acid. 

Various  patents  have  also  been  taken  out  to  act  upon  hydrocarbons 
with  chlorine,  but  they  have  not  been  used. 

This  acid  was  known  to  the  ancients  only  as  a  solution  and  was  made 
by  them  by  fusing  salt  with  green  vitriol.  The  gas  was  not  known  until 
the  time  of  Priestly.  In  the  early  days  of  the  alkali  industry  the 
hydrochloric  acid,  a  waste  product  formed  in  the  production  of  sulphate, 
was  a  great  nuisance  and  caused  the  manufacturer  trouble  by  destroying 
vegetation  for  some  distance  around  the  plant.  To  prevent  this,  they 
built  stacks  500  ft.  high  so  as  to  dilute  the  acid  vapors;  but  this  only 
served  to  widen  the  circle  of  destruction,  which  extended  over  a  mile 
and  a  half  from  the  works.  Then  they  conducted  the  gas  into  under- 
grotmd  cisterns  and  channels,  absorbing  the  gas  in  water  and  discharging 
it  into  the  nearest  water  course.  This  killed  the  fish  and  gave  an  acid 
water  which  would  corrode  the  metal  parts  of  ships.  Then  came  the 
economic  absorption  by  water  and  the  utilization  of  the  acid  formed  in 
the  tHroductioB  of  chlorine,  which  was  consumed  in  the  bleach  manufactur- 
ii^  industry.  Thus,  the  production  of  bleach  was  a  natural  outcome  of 
the  alk^  industry,  utilizing  the  waste  acid  from  the  salt  cake  apparatus. 
In  this  country  hydrochloric  acid  is  the  principal  product  of  the  action 
of  sulphuric  acid  on  salt,  and  the  sulphate  is  of  secondary  consideration. 
Id  England  the  method  of  condensation  is  by  the  use  of  coke  towers,  the 
add  vapors  rising  through  a  tall  narrow   tower  packed  with  coke,  and 
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meeting  a  stream  of  water  which  Sows  down  from  the  top.  In  Europe  a 
series  of  earthenware  Woulff  bottles  (bombonns,  Fig.  115)  is  used.  In 
^_^  this  country  a  combination  process  has  been  generally 

'^~^  employed,  the  gas  'first  passing   through  a  train  of 

the  Woulff  bottles,  and  then  into  a  coke  tower.  The 
water,  which  enters  the  top  of  the  coke  tower,  Sows 
through  the  Woulff  bottles,  and  the  strong  hydro- 
chloric acid  is  collected  from  the  first  bottle.  Often, 
fifty  or  more  bottles  being  in  the  series,  the  acid  liquid 
bound  from  one  bottle  to  another  through  overflow 
FiQ   115  connections  half  way  up  the  bottle,  the  connections 

being  made  with  glass  tubes,  which  discharge  into 
the  bottom  of  the  receiving  bottle.  As  the  gas  should  be  as  cool  aa 
possible  before  it  enters  the  condensers,  long  cooling  pipes  are  introduced 
between  the  furnaces  and  the  condensers. 

In  recent  years  the  "CellariusTourillB"  (Figs.  116  and  117)  have  replaced 
the  Woulff  bottles  in  many  factories.  The  especial  advantage  here  is  the 
rela'ively  large  surface 
exposed  for  the  quantity 
of  liquid  used.  These 
touritU  may  be  inunersed 
in  cooling  water,  thus 
increasing  the  efficiency 
by  reducing  the  tempera- 
ture. Aa  the  concentra- 
tion of  hydrochloric  acid 

is  a  function  of  the  tem-  P,g  Ug 

perature  of  the  absorbing 

system,  any  apparatus  aiding  in  the  dissipation  of  the  heat  of  absorption 
will  increase  the  efficiency.  In  using  this  system  the  first  two  tourills 
(Fig.  118)  are  empty  and  act 
as  coolers  and  condensers  for 
the  sulphuric  acid  which  may 
have  been  carried  over. 

In   some   works   it  is  the 

practice  to  introduce  a  small 

quantity  of  fat  or  oil  into  the 

decomposition  chamber  to  pre- 

FiQ.  117.  vent  frothing.     This  fat  may 

be  carried   over   by  the  acid 

fumes,  form  a  layer  upon  the  surface  of    the  water,  and  thus  prevent 

absorption.     The  removal  of  this  fat  is  another  use  of  the  empty  touriUs. 

A  tower  packed  with  brick  or  some  surface  exposing  substance  is  frequently 

placed  between  the  furnace  and  the  absorbing  system  for  the  purpose  of 

removing  the  insoluble  matter  by  surface  condensation.     This  gas  filter 
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should  not  be  too  close  to  the  furnace,  but  should  be  allowed  to  act  upon 
the  cooled  gas,  preferably  after  the  cooling  tourills. 


.  Fro.  118. 

It  has  been  the  practice  to  use  the  same  form  of  absorbing  system 
for  both  the  pan  and  muffle  gas,  notwithstanding  the  fact  that  there  is 
a  vast  difference  in  the  concentration.  A  quiet,  extended  surface  is  very 
satisfactory  for  the  rich  muffle  gas,  but  not  so  efficient  for  a  more  dilute 
gas.  In  any  case,  at  the  end  of  the  system  a  dilute  gas  must  be  treated. 
The  tower  system  has  been  generally  used,  but  a  more  recent  method 
consists  in  bringing  the  dilute  gas  into  a  chamber  filled  with  a  fine  spray 
or  mist.  In  this  way  we  have  maximum  contact  between  gas  and  liquid, 
but  there  is  the  increased  cost  of  pumping  and  producing  the  spray.  It 
is  proposed  to  entirely  substitute  the  spray  apparatus  for  the  other  forms 
of  absorbing  apparatus,  retaining  only  the  cooling  tourills.  The  material 
from  which  the  apparatus  is  made  has  a  marked  influence  upon  the  effi- 
ciency of  the  plant.     (T.  Meyer,  Zeit.  angew.  Ch.  26,  p.  97.) 

In  the  description  of  the  pifiduction  of  sulphate  by  the  action  of  sul- 
phuric acid  upon  salt,  mention  was  made  of  the  fact  that  the  reaction  takes 
place  in  two  stages — first  in  the  cold  from  the  pan,  and  second  in  the  furnace 
proper.  The  hydrochloric  acid  which  comes  from  the  furnace  is  not  as 
pure  as  that  formed  in  the  pan,  and,  as  a  rule,  the  two  acids  are  run  through 
separate  condensing  systems,  and  the  resulting  solutions  collected  sepa- 
rately and  sold  as  different  grade  acids.  That  coming  from  the  roaster  will 
contain  more  iron,  sulphuric  acid,  arsenic,  and  other  impurities  than  the 
acid  collected  from  the  pan.  Hydrochloric  acid  is  rarely  distilled,  the  pure 
acid  being  made  from  pure  materials. 

Occasionally  it  becomes  necessary  to  purify  hydrochloric  acid.  Barium 
sulphide  is  used;  this  removes  both  arsenic  and  sulphuric  acid.  The  acid 
may  be  purified  by  allowing  the  crude  acid  to  fall  into  hot  concentrated 
sulphuric  acid  or  fused  magnesium  chloride.  Le  Roy  (Chem.  Trades  Jour., 
1913)  proposes  to  pass  the  gas  throu^  a  pipe  surrounded  with  chilled 
brine,  thus  condensing  the  arsenic,  iron  salts,  sulphuric  acid,  and  all 
impurities  carried  over. 

Very  many  attempts  have  been  made  and  patents  taken  out  for  the 
conversion  of  hydrous  magnesium  chloride  into  hydrochloric  acid  and 
by  the  application  of  heat,  the  equation  MgCla-t-HaO^MgO 
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+2HC1  being  usually  given  to  express  the  chai^.  So  far  all  these 
attetnpte  have  proven  auceeaaful  only  in  part.  The  temperature  required, 
the  cost  of  labor  in  removing  the  residue  from  the  furnace,  and  the  fact 
that  the  reaction  does  not  take  place  as  written,  but  with  the  fonuation  of 
an  oxychloride'  which  has  little  or  no  value,  makes  the  process  still 
imperfect.  It  is  found  to  some  extent  in  Gennacy,  wbeie  Uie  naturally 
occurring  chloride  13  utilized. 

Purification.  Manufacturos  have  found  it  more  profitable  to  make 
pure  acid  from  pure,  new  material  ibaa  to  purify  crude  acid.  Sulphuric 
acid  is  removed  by  adding  to  the  acid,  as  it  cotres  from  the  absorbers, 
gr3und  barium  carbonate,  allowing  to  aettle,  and  then  decanting.  Arsenic 
is  removed  by  washu^  with  coal  oil  in  a  tower  between  the  furnace  and 
the  absorbers.  Another  method  of  purification  consists  in  running  the 
crude  hydraulic  acid  in  a  thin  stream  into  hot  vitriol.  The  gaseous 
acid  driven  out  is  passed  through  lead  pipes  and  absorbed  in  pure  water 
running  through  lead  towers  packed  with  pure  quartz  or  well-washed  coke. 
The  sulphuric  acid,  being  concentrated  bjr  heating,  can  be  used  over  again. 

Uses  (rf  Hydrochloric  Add.  Hydrochloric  acid  is  used  in  "pickling" 
iron  for  tinning,  in  the  making  of  chlorides  and  of  chlorine,  in  the  pro- 
duction of  glue,  in  the  preparation  of  fatty  acids  from  the  lime  soap, 
and  for  various  other  purposes. 
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CHAPTER  VII 

ELEMENTS  AND  COMPOUNDS 

ALLEN  ROGERS 

Aluminium.  This  is  one  of  the  most  important  of  the  elemente.  It 
occurs  in  nature  in  the  form  of  hydrated  oxides,  such  as  bauxite,  diaapore, 
and  kydrargillite;  and  of  silicates,  such  as  common  day,  kaolin,  feldspar, 
and  ayolite.  It  was  fii^  prepared  in  a  free  state  in  1827  by  Wiihler, 
who  heated  to  redness  a  mixture  of  aluminium  chloride  and  metalhc 
potassium.  Many  attempts  were  made  to  produce  the  metal  electro- 
lytically,  but  they  were  not  successful  in  America  until  1890,  when  Hall 
took  out  his  patents  on  the  electrolysis  of  fused  alumina  in  the  presence 
of  a  fiuonde.  The  raw  material  for  this  purpose  is  bauxite,  obtained  mostly 
from  France,  and  its  puri&cation  is  a  very  essential  and  important  factor 
in  the  economical  production  of  the  metal.  The  process  is  described  in 
Chapter  IX. 

Aluminium  is  a  silvery  white  metal  of  BpeciBc  gravity  2.7.  Its  lightness 
and  resistance  to  atmospheric  influences  have  brought  it  into  use  iot  a 
variety  of  purposes  where  great  strength  and  low  weight  are  desirable. 
Alloyed  wi^i  other  metals,  aluminium  gives  a  valtiable  series  of  bronses, 
some  of  which  possess  great  tensile  strength  and  resistance  to  corrosion. 
A  finely  divided  form  of  metaUic  aluminium  is  used  in  flash-light  powders. 
As  a  war  material,  aluminium  is  useful  for  time  fuses,  fiash-light-tipe  (tf 
rifle  bullets,  star  shells,  machine-gun  radiators,  airplanes,  and  even  in  the 
explosive  "  ammonal,"  consisting  of  powdered  aluminium  with  ammonium 
nitrate.  In  automobiles,  it  is  a  necessity;  while  its  use  in  cooking  utensils 
has  made  it  a  household  friend. 

The  application  of  aluminiiun  to  what  is  known  as  the  Thermit  Process 
for  welding  and  foundry  practice  is  important  and  depends  on  the  fact 
that  aluminium  will  take  up  oxygen  from  oxides  when  heated  with  them. 
Dr.  Goldschmidt  discovered  that  this  reaction  could  be  controlled  and 
that,  at  the  end  of  it,  he  had  aluminium  oxide  as  slag  floating  on  top  in  a 
molten  state,  the  reduced  metal  remainii^  at  the  bottom  of  the  con- 
tainer. Thus,  in  making  &  thermit  weld,  the  parts  to  be  united  are  first 
arranged  with  a  space  between  them  varying  from  i.inch  to  2  or  3  inches, 
depending  upon  the  size  of  the  sections.  Where  the  pieces  to  be  welded 
are  in  two  parts,  it  is  a  simple  matter,  of  course,  to  provide  Mb  space,  but 
in  the  case  of  a  fracture,  it  is  often  necessary  to  cut  out  the  steel  in  order 
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to  provide  the  space  needed,  and  this  is  done  either  by  driUing  a  line  of  holee 
along  the  fracture  and  then  cutting  out  the  metal  between  the  holes,  or  by 
cutting  the  space  out  with  the  oxy-acetylene  cutting  flame. 

In  the  case  of  weldii^  locomotive  framee,  which  is  the  most  important 
application  of  the  process,  it  is  almost  always  necessary  to  cut  out  the 
fracture.  After  the  sections  have  been  cut  out,  there  is  fonned  a  wax 
pattern  shaped  exactly  Uke  the  reinforcement  of  thermit  steel  that  is  to 
be  cast  around  them  to  make  the  weld.  Theimit  is  a  mixture  of  alumin- 
ium and  iron  oxide,  which  react  when  ignited.  The  aluminium  com- 
bines with  the  oxygen  of  the  Iron  oxide,  while  the  iron  is  set  free  and 
comes  down  as  a  highly  superheated  Uquid  steel  at  a  temperature  of 
nearly  5000°  F.,  or  about  twice  the  temperature  for  ordinary  molten 
steel.  It  will  be  readily  seen  that  if  this  steel  is  poured  around  the  sec- 
tions to  be  united,  it  will  melt  them  and  amalgamate  with  them,  so  that 
the  whole  wiU  cool  down  to  form  a  single  homogeneous  mass. 

The  process  is  a  simple  one,  and  the  only  outside  power  required  to  weld 
sections  of  any  size  is  a  small  supply  of  compressed  air  for  the  operation  of 
the  preheater.  The  outfit  is  entirely  portable,  and  in  many  cases  sections 
of  very  lai^  size  are  welded  without  removal  from  their  position,  and 
therefore  with  a  greater  saving  in  time  and  expense  than  when  obtaining 
new  parts  or  repairing  by  other  means. 

Aluminium  Ozide.  The  oxide  of  aluminium  is  of.  commercial  impor- 
tance in  the  form  of  corundum,  emery,  ruby,  and  sapphire,  and  also  as  a 
raw  material  for  making  metallic  aluminium. 

Aluminium  Acetate.  This  compound,  usually  found  on  the  market 
in  a  liquid  condition  known  as  "  red  liquor,"  may  be  prepared  either 
by  action  upon  aluminium  hydroxide  with  acetic  acid,  or  by  double  decom-  . 
position  of  aluminium  sulphate  with  calcium  acetate.  It  is  principally 
used  as  a  mordant  in  dyeing  and  printing  and  in  the  water-proofing  of 
fabrics.' 

Aluminium  Chknide.  This  compound  is  prepared  by  passing  dry 
hydrochloric  acid  gas  over  heated  metallic  aluminium,  or  by  heating 
a  mixture  of  aluminium  oxide  and  carbon  in  the  presence  of  chlorine. 
The  chloride  distills  off  as  a  white  crystalUne  mass,  which  fumes  in  the 
air  and  boils  at  183°  C.  Its  principal  use  is  in  the  manufacture  of  organic 
compounds  by  the  Friedel  and  Craft  reaction.  Its  acid  solution  is  some- 
times used  as  a  disinfectant.  The  chemical  is  also  essential  in  some  of  the 
processes  for  cracking  oils. 

Aluminium  Hydroxide.  This  product  is  obtained  as  a  gelatinous  pre- 
cipitate on  treating  salts  of  aluminium  with  alkaline  hydroxides  or  car- 
bonates. On  a  commercial  scale  it  is  usually  prepared  by  the  Ldwig 
process,  which  consists  in  treating  sodiiun  aluminate  with  milk  of  lime. 
The  freshly  prepared  aluminium  hydroxide  precipitates  many  of  the  dye- 
stuffs  from  their  solutions,  thus  forming  insoluble  colors  known  as 
lakes. 
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Aluminium  Sulphate.  The  sulphate  of  alumimum,  Al2(S04)3-18H20, 
is  prepEu^d  from  clay,  batlxite,  or  from  the  aluminium  oxide  obtained  in 
the  manufacture  of  soda  by  the  cryolite  process.  The  calcined  clay  is 
finely  pulverized  and  treated  with  sulphuric  acid  (sp.gr.  1.47).  The  mix- 
ture is  heated  to  start  the  reaction,  which  soon  becomes  violent  leaving  a 
hard  cake  (alum  cake)  which  contains  silica,  iron,  and  other  impurities. 
From  bauxite  it  is  prepared  by  adding  enough  sodium  carbonate  to  the 
finely  powdered  mineral  to  form  a  mixture  containing  1.2  molecules  <A 
sodium  carbonate  for  every  molecule  of  aluminium  oxide.  The  mass, 
after  fusion,  is  rapidly  lixiviated,  and  the  solution  of  sodium  aluminate 
thus  obtained  is  filtered,  concentrated  to  35°  B€.,  and  treated  with  a  cur- 
rent of  carbon  dioxide  which  precipitates  the  AI2O3  in  a  granular  form. 
This  precipitated  oxide,  on  dissolving  in  sulphuric  acid,  produces  a  very 
pure  form  of  aluminium  sulphate,  which  contains  not  over  .02  per  cent  of 
FeaOa. 

Potash  Alum.  Potassium  aluminium  sulphate,  Al3(S04)3  ■  K2SO4 - 
24H2O,  is  obtained  from  alumite  or  alumstone,  found  mostly  near  Rome. 
The  mineral  is  calcined  at  a  moderate  heat  (about  SW  C),  exposed, 
when  moist,  to  the  atmosphere  for  3  or  4  months,  and  then  lixiviated. 
The  alum  resulting  from  the  evaporation  of  the  wash  waters  contains  a 
small  amount  of  basic  alumimum  sulphate  and  crystallizes  in  cubes  called 
Roman  or  cubical  alum. 

Alum  may  be  obtained  from  alum  diists  or  shales  by  roasting  uid 
subsequent  exposure  to  the  air.  The  iron  sulphide  present  is  oxidized 
to  sulphate  and  sulphuric  acid.  The  latter  reacts  on  the  aluminium 
silicate,  forming  sulphate  of  aluminium.  The  ferric  sulphate  formed 
attacks  the  aluminium  compounds,  producing  aluminitmi  sulphate  and 
basic  ferric  sulphat«.  The  mass  is  washed  and  the  solution  evap- 
orated to  40°  B^.  Most  of  the  iron  compounds  crystallize  out  and 
are  separated.  The  proper  amount  of  potassium  sulphate  in  concen- 
trated solution  is  now  added,  uid  the  alum  b^pns  to  separate.  The 
crystalline  product  still  contains  some  iron  and  must  be  purified  by 
recrystallization. 

Alum  may  be  readily  made  by  adding  the  proper  amount  of  potas- 
sium sulphate  to  a  concentrated  solution  of  aluminium  sulphate  and 
allowing  it  to  crystallize  out. 

Alum,  as  well  as  aluminium  sulphate,  are  used  in  dyeing,  as  mordants 
in  the  sizing  of  paper,  in  tanning,  and  in  purifying  water. 

Sodium  and  Ammonium  Alums.  These  alums  may  be  obtained  by 
using  sodium  or  ammonium  sulphate  in  place  of  potassium  sulphate. 
All  of  them  have  nearly  the  same  chemical  and  physical  properties,  being 
colorless,  soluble  salts  that  cr}mtallize  in  octahedra. 

Ammonia.  When  animal  matter  undei^oes  decomposition,  more  or 
lees  ammonia  is  formed;  also  when  nitn^nous,  oi^nic  substances  are 
subjected  to  destructive  distillation.     For  example,  during  the  distilla- 
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tion  of  coal  for  the  production  of  UlumiDatiiig  gas  and  coke,  most  of  the 
ammonia  of  commerce  is  produced.  To  a  limited  extent,  ammonia  is 
also  obtained  from  the  distillation  of  bones  and  other  animal  matter, 
from  a  putrid  urine,  sugar  residues,  and  waste  furnace  gas.  It  is  likewise 
possible  to  get  ammonia  by  passing  air  over  a  mixture  of  barium  oxide 
and  carbon  heated  to  a  white  heat,  but  the  process  has  never  met  with 
commercial  success.  Other  electrolytic  processes  are  described  in  Chap- 
ter IX. 

The  nitrogen  in  the  anmioniacal  liquor  of  the  gas  works  is  present 
in  the  form  of  free  ammonia,  anmionia  combined  as  carbonate,  sulphide, 
sulphydrate,  sulphite,  sulphocyanide,  and  ferro-cyanlde.  As  the  Uquor 
comes  from  the  hydrauhc  main,  the  scrubbers,  and  condensers,  it  is  mixed 
with  a  lai^  amount  of  tany  matter,  which,  on  standing,  settles  out, 
leaving  a  fairly  clear  Uquid  that  may  be  treated  for  its  ammonia  content. 
There  are  various  methods  for  recovering  the  anmionia,  but  a  most  com- 
mon one  makes  use  of  the  Feldman  apparatus:  The  settled  gas  liquor 
passes  by  means  of  a  series  of  narrow  tubes  through  a  cylindrical  chamber 
where  it  becomes  somewhat  heated  from  the  waste  gases  passing  through 
this  chamber,  known  as  the  "  economizer."  The  heated  Uquor  is  then 
forced  to  the  top  of  a  tall  tow«r,  where  it  meets  a  current  of  steam  which 
causes  volatile  ammonia  compounds  to  be  Uberated;  when  the  non-volatile 
compounds  flow  down  the  tower  and  come  into  contact  with  boiling  lime 
water,  free  ammonia  is  produced.  The  free  and  volatile  ammonia  com- 
pounds are  next  conducted  through  a  large  pipe  into  an  absorption  vessel 
containing  sulphuric  acid.  Here  the  sulphides  and  other  volatile  salts  of 
ammonia  are  decomposed  with  the  formation  of  ammonium  sulphate  and 
the  liberation  of  hydrt^en  sulphide  and  carbon  dioxide.  These  hot  gases 
are  collected  in  the  dome  over  the  absorption  vessel  and  from  there  pass 
into  the  shell  of  the  economizer,  producing  the  heat  referred  to  above. 
The  waste  sludge  from  the  lime  treatment  is  drawn  off  at  intervals,  and 
the  Uquor  in  the  absorption  vessel  concentrated  as  it  becomes  saturated, 
being  sold  as  crude  ammonium  sulphate. 

On  recrystalUzing  the  crude  ammonium  sulphate  and  redistilling 
with  lime,  a  pure  gas  is  obtained,  which,  being  absorbed  in  water,  forms 
the  "  aqua  ammonia  "  of  commerce,  or  the  ammonium ,  hydroxide  of 
the  laboratory.  By  subjecting  ammonia  gas  to  high  pressure  it  is  pos- 
sible to  convert  it  into  a  liquid.  Liquid  ammonia  has  extensive  appU- 
cation  at  present  as  a  refrigerating  agent  in  ice  machines. 

The  direct  procurement  of  ammonia  from  its  elements  is  at  present  a 
subject  of  the  greatest  importance  from  the  standpoint  not  only  of  econ- 
omy, but  also  of  necessity.  Although  large  quantities  are  being  made 
by  a  direct  union  of  nitrogen  and  hydrogen,  the  literature  on  the  subject 
is  very  meager.  One  of  the  greatest  problems  involved  in  the  production 
of  synthetic  ammonia  is  how  to  secure  the  elements  in  such  a  pure  condi- 
tion that  they  will  not  afTect  the  catalytic  agent  used.    The  difficulties 
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encountered  have  been  largely  overcome,  and  now  the  simple  question  is 
which  process  will  ^ve  the  largest  yield. 

Ammoiuum  Carbonate.  The  commercial  product  is  prepared  by 
heating  a  mixture  of  sulphate  of  ammonia  and  powdered  calcium  car- 
bonate in  iron  retorts  and  collecting  the  sublimate  formed  in  lead-lined 
chambers.  The  yield  is  ammonium  bicarbonate  and  ammonium  carbonate 
mixed. 

Anunonium  Chloride.  This  compound  U  manufactured  either  by 
absorbing  the  gas  in  dilute  hydrochloric  acid,  or  by  neutralizing  the  gas 
liquor  directly  with  the  acid.  In  either  case  the  resulting  solution  is 
evaporated  for  crystals,  which  are  then  purified  by  recrystallization  or 
sublimation.  Ammonium  chloride  is  usually  purified,  however,  by  sub- 
limation, in  which  case  it  is  heated  in  iron  or  earthenware  pots  with  dome- 
shaped  covers.  The  purified  product  collects  in  the  dome  as  a  thick  crys- 
talline cake,  which  is  removed  and  placed  on  the  market  as  salramtrumiae. 
Formerly  this  salt  w^s  made  by  burning  dried  camel's  dung,  but  at  present 
it  is  all  prepared  from  gas  liquor. 

Ammonium  chloride  is  used  in  soldering,  in  the  manufacture  of  dye- 
stuffs,  and  in  calico  printing.  It  also  has  extensive  application  in  elec- 
trical appliances. 

Anunonium  Nitrate.  This  salt  is  prepared  in  a  similar  manner  to 
the  chloride,  but  it  cannot  be  puiified  by  sublimation.  Its  chief  vulue  is 
in  the  manufacture  of  explosives  and  of  nitrous  oxide,  so-called  laughing  gas. 

Ammonium  Sulphate.  The  crude  salt  is  dark  brown  in  color,  and  its 
preparation  is  described  under  ammonia.  Its  main  use  is  as  a  base  for 
making  other  ammonia  salts,  and,  in  the  impure  form,  for  the  manu- 
factiue  of  fertilizer.  When  purified,  it  gives  a  white  crystalline  substance 
used  for  fire-proofing  fabrics  and  for  other  purposes. 

Antimony.  This  element  occurs  in  nature  as  the  sulphide,  slibnile, 
SbjSj.  The  antimony  sulphide  is  first  separated  from  the  gangue  by 
heating  in  a  furnace  with  sloping  fioor,  along  which  the  fused  sulphide 
Sows  in  a  channel.  This  sulphide  is  then  placed  in  a  reverberatory  fur- 
nace, where  it  is  converted  into  the  oxide.  The  oxide  is  heated  in  a  cru- 
cible, and,  on  cooling,  the  metal  settles  to  the  bottom.  Antimony  has 
become  very  important,  owing  to  its  apphcation  in  many  metallic  alloys, 
such  as  hard  lead  and  type  metal. 

Antimony  Fluoride.  The  compound  SbFa  is  prepared  by  dissolving 
antimony  oxide  in-  hydrofluoric  acid.  This  salt  readily  forms  double 
compounds  with  alkaline  sulphates  and  chlorides.  (NIii)^04-SbF3  is  an 
example  of  these  double  salts  and  is  one  of  the  important  mordants.  The 
double  fluoride  of  ammonium  and  antimony,  8SbF3'2NH4F,  is  a  useful 
salt.  These  compounds  make  good  mordants,  and  have,  to  a  great  extent, 
replaced  tartar  emetic. 

Ai^on.  This  element  occurs  in  the  air  to  the  extent  of  0.935  per  cent. 
It  can  be  prepared  by  passing  atmospheric  nitrc^n,  free  from  oxygen  and 
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moisture,  over  red-hot  magnesium  ribbon;  maKneaum  nitride  is  thus 
formed,  whereas  the  ai^n  does  not  combine.  This  element  has  recently 
found  an  extensive  application  in  the  argon  filled  electric  lighting  bulb, 
which,  on  account  of  its  inert  nature,  is  far  superior  to  nitrogen  used  for 
the  same  purpose. 

Arsenic.  This  metal  occurs  in  nature  usually  in  the  form  of  fiulphide 
mich  as  realgar,  orpiment,  smalt,  apd  arsenical  pyrites.  It  is  obtained 
from  the  pyrites  by  heating  it  away  from  the  air,  where  the  arsenic  sub- 
limes, leaving  the  iron  sulphide  b^nd. 

Arsenious  Oxide.  White  arsenic,  AsaOg,  is  obtained  by  roaming 
arsenical  minerals,  such  as  Tnispickel,  FeAsS,  cobaUile,  CoAsS,  smaUHe, 
CoAsz,  and  other  mineralB  containing  arsenic.  The  roasting  is  carried  on 
in  rcTerberatory  furnaces  with  free  access  of  air,  and  the  sublimed  arsenic 
trioxide  is  condensed  in  suitable  cfaambera.  It  is  purified  by  resublimation 
and  collected  as  a  white  powder.  Resublimation  under  pressure  gives  a 
vitreous  variety  known  as  arsenic  glass.  It  is  usually  ground  to  a  fine  pow- 
der, which  is  slightly  soluble  in  water,  and  is  used  principally  as  an  anti- 
septic for  preserving  hides;  it  also  finds  application  in  gkfis  manufacture, 
and  its  glycerine  solution  is  used  in  calico  printing. 

Barium.  This  element  occurs  in  nature  in  the  fonn  of  heavy  spar  or 
barytes,  and  as  witherile.  It  is  prepared  by  heating  the  oxide  with  mag- 
nesium. It  has  a  metallic  appearance  with  a  yellowish  tint;  but  as  a 
metal  it  has  no  practical  application. 

Barium  Oxide.  This  compound  can  be  made  by  beating  the  nitrate 
or  hydroxide  to  a  dull  red  heat.  It  is  manufactured  commercially,  how- 
ever, by  heating  a  mixture  of  barium  sulphate  and  carbon  in  the  electric 
furnace. 

Barium  Peroxide.  This  results  when  the  oxide  is  heated  to  600°  C. 
in  the  presence  of  air.  At  a  higher  temperature  the  oxygen  is  again 
liberated.  It  is  used  in  the  manufacture  of  oxygen  and  hydrogen  per- 
oxide. 

Barium  Hydroxide.  This  compound  is  formed  when  the  oxide  is 
treated  with  water,  in  which  it  dissolves,  forming  a  strongly  alkaline  solu- 
tion. It  is  used  to  some  extent  in  the  softening  of  water;  and  formerly 
was  an  aid  in  the  extraction  of  sugar  from  molasses. 

Barium  Carbonate.  Barium  carbonate  occurs  in  nature  as  the  mineral 
witherite,  and  is  also  prepared  by  precipitation.  It  is  a  good  basic  material 
in  making  other  barium  compounds. 

Barium  Chloride.  By  treating  barium  carbonate  with  hydrochloric 
acid  the  compound  BaCb^HaO  is  produced.  It  is  used  for  the  manu- 
facture of  Uanc-fixe  and  in  the  preparation  of  certain  color  lakes. 

Barium  Su^ihate.  This  compound  is  found  in  nature  as  barytet  or 
heavy  spar.  The  mineral  is  ground  to  a  fine  powder  for  use  in  the  man- 
ufacture of  paints.  When  artificially  made,  however,  it  gives  a  p^- 
ment  of  finer  texture  known  as  blanc-fixe.    The  natural  sulphate,  when- 
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heated  with  carbon,  is  reduced  to  a  Biilphide,  which,  on  being  dissolved 
in  water  and  added  to  a  solution  of  zinc  sulphate,  becomes  the  product 
known  aa  liihopone.  By  treating  the  barium  sulphide  with  sodium  car- 
bonate, the  barium  is  precipitated  as  barium  carbonate,  while  the  sodium 
is  converted  into  the  sulphide.  The  barium  carbonate  is  filtered  c^,  and 
the  filtrate  on  evaporation  yields  crystalline  sodium  sulphide.  This  process 
is  of  especial  value  in  our  country,  on  account  of  the  large  deposits  of  barytea 
and  the  scarcity  of  witherite. 

Bismuth.  It  occurs  in  the  native  state,  also  as  the  oxide  and  sulphide. 
The  ores  are  smelted  in  the  presence  of  iron,  which  acts  aa  a  desulphiuisii^ 
agent.  The  pure  metal  has  a  lustrous  appearance  like  antimony,  but  may 
be  distinguished  from  tt  by  a  reddish  reflex.  Bismuth  forms  easily  fusible 
alloys  for  making  valves,  wires,  etc.,  for  safety  devices  on  boiler  valves, 
fire  doors,  and  fusible  plugs. 

Bismuth  Nitrate.    This  is  obtained  as  a  crystaJline  compound  con- 
tainii^  five  molecules  of  water,  when  the  metal  is  dissolved  m  nitric  acid 
and  evaporated.    It  is  easily  soluble  in  a  small  quantity  of  water,  but  - 
in  a  large  amount  of  water  it  becomes  aubnitnUe. 

Boron.  This  element  occurs  in  nature  in  boric  add  and  borax.  It 
is  a  reduction  product,  a  brown  amorphous  powder,  which,  (m  dis* 
solving  in  molten  aluminium,  separates,  when  cool,  in  the  crystalline 
form. 

Boric  Add.  This  compound,  also  known  as  boracic  acid,  is  found  in 
the  steam  iRaning  from  fissures  in  the  earth  in  the  vicinity  of  volcanoes. 
Boric  acid  results  from  the  decomposition  of  borax  with  hydrochloric  acid. 
It  is  a  colorless,  crystalline  soUd,  sHghtly  soluble  in  cold  water,  but  readily 
soluble  in  hot  water.  It  is  of  value  for  fusible  glazes,  for  special  optical 
glass,  and  as  an  antiseptic  and  preservative. 

Borax.  Sodium  tetraborate  may  be  prepared  by  neutralizing  boric 
acid  with  sodium  carbonate.  The  chief  source  of  borax,  however,  is  from 
the  natural  deposits  of  Thibet  and  from  the  crude  borax  of  CaUfomia, 
purified  by  slow  reciystaUization.  A  laige  amount  of  borax  is  prepared 
from  the  mineral  boronairocdlcite  (Na2B4OT-2CaB407-18H20)  by  boiling 
it  with  soda,  or  by  first  converting  it  into  boric  acid  and  then  neutrahzing 
with  soda.  The  most  conuntm  form  is  the  prismatic  Na2B4O7-10fi3O, 
which  on  heating  effloresces  in  the  air  and  mdts  in  its  waterof  crystaUiza- 
tion,  becoming  anhydrous  at  a  red  heat.  Borax  is  used  as  a  flux  in  glass 
and  enamel  making,  in  the  manufacture  of  soap,  and  as  a  preservative. 

Bromine.  A  description  of  this  element  is  given  in  Chapter  VIII.  It 
is  s  good  disinfectant,  solvent  for  gold  in  the  presence  of  platinum  and 
diver,  and  oxidizing  agent. 

Cadmium.  This  element  usually  accompanies  zinc  in  its  ores.  It  is 
easily  separated  as  it  distills  off  before  the  zinc.  It  does  not  alter  eaoly 
when  exposed  to  the  air,  but  becomes  covered  with  a  brown  oxide  when 
heated.    In  combination  with  various  metallic  alloys  it  reduces  the  melting 
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point.  With  mercury  it  forms  a  soft  amalgam  which,  since  it  hardens  veiy 
easily,  is  a  good  cement  for  filUng  teeth. 

Cadinium  Sul]ihide.  Hydrogen  sulphide  passed  into  a  eolution  of  a 
cadmium  salt,  gives  a  bright  orange  yellow  precipitate.  This  may  also 
be  formed  by  the  addition  of  sodium  sulphide.  It  is  known  commercially 
as  cadmium  yeUmp  and  is  used  for  tinting  paints.  

Caesium.  This  is  one  of  the  rare  elements  and  has  no  commercial 
value. 

Calcium.  Very  abundant  and  widely  distributed  in  nature,  calcium 
occurs  in  the  form  of  carbonate  as  marble,  chalk,  and  Kme^one,  in  the  form 
of  phosphate  as  apatite;  of  sulphate  as  gypsum;  of  fluoride  as  fiuorspar; 
of  silicate  as  woUaatonite.  It  may  be  made  in  the  elementary  condition  by 
the  electrolysis  of  fused  calcium  chloride.  It  has  a  silvery  luster  of  yellow- 
ish tint.  Commercially,  it  is  a  good  agent  for  removing  the  last  traces  of 
carbon  from  metals  or  alli^.  It  will  also  reduce  some  organic  com- 
pounds. 

Calciam  Carbonate.  Calcium  carbonate  occurs  in  many  mineral, 
animal,  and  vegetable  substances.  It  is  decomposed  by  heat  and  by 
mineral  or  oi^anic  acids.  It  is  used  in  the  precipitated  form  for  pharma- 
ceutical preparations,  and  in  the  natural  form  for  painta,  scouring  mix- 
tures, and  various  other  purposes. 

Calcium  Oxide.  By  heating  calcium  carbonate  the  carbon  .dioxide 
is  eliminated,  and  the  oxide  results.  Its  method  of  preparation  and  its 
appUcations  are  given  in  Chapter  X. 

Calcium  Hydroxide.  This  compoimd  forms  when  water  is  added  to 
calcium  oxide.  It  is  only  slightly  soluble  in  water  {1.3  parts  per  thousand) 
This  dilute  solution  has  an  alkaline  reaction  and  is  known  as  lime  water. 
When  an  excess  of  calcium  hydroxide  is  present,  it  is  called  milk  of  Ume. 
The  milk  of  lime  has  many  commercial  appUcations,  which  will  be  con- 
sidered at  other  places  in  the  text. 

Cakium  Chloride.  This  compound  Is  a  by-product  from  several 
industrial  operations,  especially  from  the  manufacture  of  soda  by  the 
ammonia  process,  and  in  the  mother  liquor  from  the  evaporation  of  salt 
brine.  It  may  also  be  prepared  by  action  upon  calcium  carbonate  with 
hydrochloric  acid.  It  is  very  soluble  in  water.  The  fused  product 
aids  in  drying  gases;  the  crystalline  product  ia  used  in  refrigeration  for 
anti-freezing  solutions,  and  for  other  purposes. 

Calcium  Sulphate.  This  compound  occurs  in  nature  as  gypsum,  con- 
taining two  molecules  of  water  of  crystallization.  When  it  ie  heated 
gently,  part  of  the  water  is  driven  off,  the  resulting  product  being  known  as 
plaster  of  Paris.     {See  Chapter  X.) 

Carbon.  This  element  is  widely  distributed  throughout  nature  in  both 
inorganic  and  organic  substances.  Id  combination  with  the  metals  it  is 
found  as  carbide,  also  as  carbonates  like  marble  and  chalk;  with  hydrogen, 
it  occurs  in  petroleum  and  paraffin;   with  hydn^en  and  oxygen,  in  all 
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vegelable  and  animal  matter;  and,  with  oi^gen,  as  carbon  dioxide  and 
carbon  monoxide.  In  the  free  state  it  is  found  as  the  diamond,  graphite, 
and  amorphous  carbon. 

Thifi  element  forms  thousands  of  compounds  of  great  commercial  value 
and  scientific  interest.  The  study'  of  these  compounds  couBtitut«s  a 
branch  of  chemistry  called  Organic  Chemittry.  Many  of  these  com- 
pounds will  be  considered  in  other  sections  of  the  text,  and  only  two, 
which  are  more  or  less  of  an  inorganic  nature,  will  be  taken  up  at  this 
pmnt. 

Caibon  Disulphide.  This  compound  is  prepared  by  passing  the  vapor 
of  sulphur  over  highly  heated  charcoal  in  vertical  iron  or  clay  retorts,  the 
sulphur  beii^  introduced  through  a  tube  on  the  side.  The  uncombined 
sulphur  is  collected  in  a  special  receiver,  while  the  carbon  disulphide  passes 
on  and  is  condeDsed.  It  is  very  impure  and  must  be  purified  by  heating 
first  with  lead  acetate,  then  with  Ume  water,  and  finally  by  redistilling. ' 
This  compound  is  also  made  electrolytically  (See  Chapter  IX).  When  pure, 
carbon  disulphide  is  a  nearly  colorless  mobile  liquid  with  only  a  sl^ht  odor. 
The  commercial  article,  however,  has  a  very  disagreeable  odor,  due  to  the 
presence  of  other  sulphur  oompoimds.  It  is  heavier  than  water,  boils  at 
46.5°  C,  and  its  vapor  infiames  at  149.6°  C.  It  is  a  good  solvent  for 
sulphur,  phosphorus,  resins,  waxes,  and  fats.  It  is  also  used  to  some 
extent  as  a  germicide  and  insecticide. 

Carbon  Tetrachloride.  This  compound  is  made  either  by  paesii:^  the 
vapor  of  carbon  disulphide  and  dry  chlorine  through  a  heated  earthenware 
tube;  or  by  passing  chlorine  over  carbon  disulphide  in  which  a  little  iodine 
has  been  dissolved.  Sulphur  monochloride,  formed  at  the  same  time,  is 
removed  from  the  carbon  tetrachloride  with  milk  of  lime  and  soda,  and 
then  distilled.  Carbon  tetrachloride  is  a  heavy  liquid  of  specific  gravity 
1,637,  and  boiling-point  76.5°  C.  It  is  a  good  solvent  for  gums  and  resins 
and  is  also  a  constituent  of  many  cleaning  solutions.  On  account 
of  its  non-inflammable  nature  and  heavy  vapor,  it  is  an  efficient  fire 
extinguisher. 

Cerium.  Derived  from  the  mineral  cetite  this  forms  both  cerous  and 
eerie  salts.    It  is  applied  in  the  manufacture  of  tamp  filaments. 

Chlorine.    Tias  element  is  discussed  in  Chapter  VIII. 

Chtomiom.  Chromium  occurs  in  nature  in  the  mineral  chromtte. 
It  is  prepared  on  a  commercial  scale  by  the  Goldschmidt  process,  which  con- 
sists in  beating  tt^ther  a  mixture  of  powdered  aluminium  and  chromium 
oxide.  Combined  with  other  metals  it  hardens  them  and  consequently 
has  found  iin  important  place  in  the  manufacture  of  what  is  known  as 
chrome  ateeL  With  nickel  it  forms  an  alloy  possessing  great  heat-resisting 
properties. 

Chromium  Oxide.  This  compound  results  from  heating  chromium 
hydroxide,  ammonium  dichromate,  or  chromic  anhydride.  It  is  useful  as  a 
p^ment  for  paint,  and  for  the  coloring  of  glass  and  enamel. 
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Chromium  Acetate.  This  comes  on  the  market  as  a  neutral  and  basic 
salt.  It  may  be  prepared  either  by  the  process  already  described  for 
aluminium  acetate,  or  from  sodium  dichromate  and  acetic  acid  in  the  pres- 
ence of  a  reducing  agent.  The  commercial  article  is  a  heavy  solution  con- 
taining about  10  per  cent  of  chromium  oxide.  Chromium  acetate  is  used 
as  a  mordant  and  for  makii^  olive  khaki  shades. 

Chromium  Chloride.  By  passing  a  current  of  chlorine  over  a  heated 
mixture  of  chromium  oxide  and  charcoal,  the  chromium  chloride  sublimes 
in  violet  crystals.  It  is  used  as  a  mordant  in  calico  printing  and  to  a  lim- 
ited extent  in  tanning. 

Chromium  Sulphate.  When  chromium  hydroxide  is  dissolved  in  sul- 
phuric acid,  chromium  sulphate  is  formed.  It  gives  a  violet  or  green 
,  solution  according  to  the  temperature.  It  is  a  very  good  mordant, 
and,  in  the  basic  condition,  is  used  in  the  manufactiu^  of  chrome-tanned 
leather. 

Chrome  Alum.  The  compound  Cra(S04)3-K2S04-24H20  is  a  by- 
product in  many  operations  where  a  mixture  of  potassium  dichromate  and 
sulphuric  acid  acts  as  an  oxidiidi^  agent.  It  is  used  as  a  mordant,  and  in 
certain  chrome  tannages. 

Chromic  Add.  This  compound,  also  known  as  chromic  avhydride,  is 
produced  by  the  action  of  sulphuric  acid  on  a  dichromate.  The  red 
lustrous  needles  are  separated  from  the  concentrated  solution,  dried  as 
rapidly  as  possible,  and  preserved  in  a  well-stoppered  bottle.  The  anhy- 
dride is  a  very  strong  oxidizing  agent. 

Potassium  Dichromate.  The  materiid  which  furnishes  the  chromium 
is  chrome  iron  ore  or  chromite.  The  ore  is  finely  pulverized  and  mixed 
with  lime  and  sodium  carbonate.  A  small  unount  of  calcium  carbonate 
is  usually  added,  as  the  carbon  dioxide  Uberated  renders  the  mass  porous. 
This  mixtrure  is  heated  in  a  reverberstory  furnace  in  the  presence  of  a 
strong  air  current.  At  the  end  of  the  reaction  the  mass  consists  of  a 
mixture  of  calcium  chromate,  sodium  carbonate,  and  ferric  oxide,  which, 
being  lixiviated,  yields  sodium  chromate,  insoluble  calcium  carbonate, 
and  ferric  oxide.  The  solution  is  neutralized  with  sulphuric  acid  to  pre- 
cipitate the  alumina  and  sihea.  It  is  then  filtered  and  evaporated.  When 
the  concentration  reaches  a  specific  gravity  of  56°  B^.,  the  requisite 
amount  of  sulphuric  acid  is  added,  converting  the  chromate  to  dichromate 

2Na2Cr04+H2S04  =  Na3S04+Na3Cra07-|-H20. 

Most  of  the  sodium  sulphate  separates  out  by  this  treatment,  and  may 
be  collected  in  the  centrifuge.  The  solution  is  then  concentrated  to 
60"  B^.,  when  more  sodium  sulphate  separates,  and,  on  standing,  the 
sodium  dichromate  crystaUizes.  From  this  sodium  dichromate  the 
potassium  salt  is  obtained  by  double  decomposition.  The  workmen  must 
avoid  breathing  the  dust  or  vapor  containing  chromates,  which  attack  the 
cartilages  of  the  nose  and  throat. 
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Tlie  residue  of  chromium  oxide  from  alizarine  manufacture  is  utilized 
in  preparing  dichromate.  It  is  mixed  with  lime  and  moulded  into  bricks, 
which  are  ftubaequently  calcined  in  a  current  of  air.  During  this  treatment 
calcium  chromate  is  formed,  which  may  be  converted  into  the  potassium 
salt  by  treatment  with  potassium  carbonate. 

Potaasum  dichromate  forms  lai^  orange-colored  cyrstals,  melting  at 
400'*  C.  and  decomposing  at  a  red  heat  into  CraOs  and  K2Cr04.  It  is  used 
in  making  dirome  yellow  and  Ouign^'s  green,  as  a  dischai^  in  bleaching 
oils  and  fats,  in  chrome  tannage,  and  as  an  oxidising  agent. 

Sodium  Dichromate.  The  manufacture  of  this  compound  has  been 
given  above.  On  account  of  its  cheapnees,  it  has  to  a  lai^  extent  replaced 
potassium  dichromate.  It  is  very  deliquescent,  but  if  dried  at  300°  C,  it 
loses  water  of  crystalhzation  and  becomes  anhydrous,  in  which  conditions  it 
is  no  longer  deliquescent.  It  is  more  soluble  than  the  potassium  salt  and 
is  adapted  to  the  same  purposes. 

Cobalt  This  metal  is  found  in  nature  as  the  sulphide.  It  is  .obtained 
elecV^lytically,  and  forms  both  oobaltous  and  cobaltic  salts.  In  the  fonn 
of  salt,  it  dries  paint  oils  and  as  oxide  is  used  in  producing  colored  glass. 

C<dumbium.  This  occurs  in  the  minteral  colundnte.  The  oxide  forms 
salts  with  the  alkalies. 

C(^4>^-  Although  found  native,  this  metal  usually  comes  from  the 
minerals  chaicopyrite,  malduhite,  and  azurite.  The  ores  are  roasted  to 
drive  ofF  the  sulphur  or  other  volatile  matter,  and  the  copper  oxide  remains. 
The  oxide,  after  reduction  in  a  cupola  or  puddling  furnace  with  carbon  and 
a  siliceous  flux  is  transferred  to  the  converter.  The  black  copper  is 
further  refined  eleclrolytically.  The  electrolytic  process  givra  a  very  pure 
product  much  used  in  this  coimtry.  There  are  many  other  methods 
of  refining,  consisting  of  wet,  dry,  and  electrolytic  processes. 

Copper  has  a  bright  red,  lustrous  color.  It  is  fairly  hard,  but  at  the 
same  time  ductile  and  flexible.  It  is  easily  drawn  into  wires  and  finds 
extensive  application  in  electrical  installations,  being  a  good  conductor 
of  the  current.  It  is  used  in  the  manufacture  of  cookii^  utensils  and 
of  kettles  and  evaporators  for  chemical  use.  As  an  alloy  metal  it  is  of 
great  practical  value,  some  of  the  principal  alloys  which  contain  it  beic^ 
brass,  phosphor-brome,  statuary  brorue,  German  silver,  silico-bronze,  and 
coins. 

Copper  Oxide.  This  oxide  is  obtained  by  heating  the  metal,  the 
hydroxide,  the  carbonate,  or  the  nitrate  to  dull  redness.  It  readily  gives 
up  its  oxygen  to  oi^;anic  matter  when  heated  with  it,  for  which  reason  it  is 
valuable  in  oi^anic  analysis.  Commercially  it  is  a  desulphurizing  agent  in 
petroleum  oils.  It  is  readily  soluble  in  mineral  acids,  producing  salts  that 
have  more  or  less  practical  appUcation. 

Copper  Su^ihate.  This  compound  is  also  known  as  Hue  vitriol  and 
blvestone.  It  is  a  by-product  in  the  parting  of  gold  and  silver  by  the 
action  of  boiling,  concentrated  sulphuric  acid,  the  silver  being  dissolved  as 
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sulphate  and  recovered  by  precipitating  it  with  metallic  copper.  Copper 
8ulpbat«  may  also  be  produced  by  treating  acrap  copper  with  a  Bpray  of 
dilute  sulphuric  acid  in  the  presence  of  air.  Scrap  copper  mixed  with 
sulphur  and  heated  to  a  dull  red  heat  yields  copper  sulphide.  This  com- 
pound, heated  in  the  air,  is  converted  into  sulphate  and  oxide: 

C«2S+06  -  CuSOi +CuO. 

The  copper  oxide  dissolves  in  warm  sulphuric  acid,  forming  more  copper 
sulphate.  The  oxidation  of  some  of  the  natural  sulphide^  of  copper  yields 
a  mixture  of  sulphate  of  copper  and  sulphate  of  iron.  These  sulphates, 
being  isomorphous,  cannot  be  separated  by  crystaUisation,  but  by  oxidstion 
of  the  ferrous  to  the  ferric  sulphate,  a  mixtiu-e  results  which  may  be  sep- 
fu^ted  by  crystallization. 

Copper  sulphate  forms  blue  crystals,  soluble  in  water.  Heated  to 
240°  C,  it  loses  its  water  of  crystallization  and  becomes  a  white  anhydrous 
powder  with  a  very  strong  affinity  for  water.  Blue  vitriol  is  used  in  the 
preparation  of  insecticides  and  germicides,  in  electrolytic  operations,  as  a 
mordant,  and  for  many  other  purposes. 

Erbium,  lliis  is  One  of  the  rare  elements  and  has  no  practical  appli- 
cation. 

Fluorine.  Fluorine  comes  from  the  natural  mineral  fluorspar.'  It  is  a 
slif^tly  greenish  yellow  gas,  and  is  one  of  the  most  active  of  the  elements, 
oombinii^  directly  with  hydrogen  even  in  the  dark.  It  attacks  all  metals 
except  gold  and  platinum,  and  immediately  decomposes  most  organic 
compounds.  The  element  is  without  practice  value  at  present,  although 
hydrofluoric  acid  is  used  for  etchibg  on  ^sss. 

Gadolinium.    This  rare  element  at  present  has  no  practical  application. 

Gallium.  Another  of  the  rare  elements,  is  a  tough  metal  that  may  be 
cut  with  a  knife.  With  aluminium  it  forms  a  liquid  alloy  that  will  decom- 
pose water. 

Gennanium.  Ttaa  rare  element  belongs  to  the  same  group  as  tin  and 
lead.    It  has  no  practical  application. 

Glucinium.  This  element  is  very  rare  and  occurs  in  the  emerald  and 
beryl. 

Gold.  This  precious  metal  is  usually  found  in  the  free  state  and  is 
very  widely  distributed  through  the  earth's  crust.  The  quantity,  how- 
ever, is  BO  small  that  it  pays  to  recover  it  only  where  the  deposit  is 
fairly  large.  The  oldest  method  of  recovering  the  metal  was  by  lev^tion, 
but  this  was  later  replaced  by  the  amalgamation  process,  which  consisted 
in  combining  the  gold  with  metallic  mercury.  In  recent  years,  the  cyanide 
process  is  the  most  ctHiunon,  and  by  it  even  low-grade  ores  can  be  worked 
at  a  profit.  The  finely  ground  ore  is  treated  in  tanks  with  a  very  dilute 
solution  of  sodium  or  potassium  cyanide.  The  extraction  is  carried  out  in  a 
battery,  so  that  the  ore  may  receive  several  applications,  starting  with  the 
strongest  cyanide  solution  and  ending  with  water.    In  this  treatment  the 
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compouud  2KAu(CN)2  is  formed.  From  the  cyanide  solation  the  gold  is 
precipitated  by  adding  zinc  or  aluminium  shavinga.  The  sludge  is  then 
filter-pressed,  dissolved,  and  purified  electrolytically. 

Pure  gold  is  a  lustrous  yellow  metal,  soft,  ductile,  and  malleable.  It 
is  employed  in  the  arts  in  the  form  of  leaf  for  gilding,  and  to  a  certain 
extent  in  chemical  technology.  For  jewelry  and  coins  it  is  always  alloyed 
with  copper.     Qold  forms  both  aurous  and  auric  compounds. 

Helium.  This  is  one  of  the  nuest  of  the  elements  on  the  earth's  surface. 
It  exists  in  certain  uranium  minerals  and  in  tt^  air  to  the  extent  of  0.0005 
per  cent.    It  is  absolutely  ioactive. 

Hydrogen.  Found  free  in  nature  in  very  small  quantities,  in  combina- 
tion it  is  next  to  oxygen  and  silicon,  the  most  abundant  of  the  elements, 
being  11  per  cent  of  the  we^t  of  water  and  a  constituent  of  all  organic 
bodies.  When  pure,  it  is  a  colorless,  tfksteless,  odorless  gas.  Mixed  with 
air  or  oxyg/esa  and  ignited,  it  combines  with  explosive  effect.  In  the  labors^ 
tory  it  can  be  produced  by  the  action  upon  zinc  of  dilute  hydrochloric  or 
sulphuric  acid,  or  by  electrolysis  and  other  simple  means. 

Many  methods  have  been  proposed  for  the  commercial  production  of 
hydrogen,  ^nong  which  may  be  mentioned  the  action  of  acida  on  metallic 
iron,  the  action  of  caustic  soda  upon  scrap  aluminium,  and  the  separation 
of  the  hydrogen  formed  during  the  manufacture  of  water  gas.  For  pro- 
ciuing  large  quantities,  however,  the  electrolytic  processes  have  met  with 
considerable  success.  By  properly  arranged  cells  the  hydrt^n  is  collected 
at  the  negative  pole,  and  oi^gen  at  the  positive  pole.  The  gas  is  em- 
ployed for  inflating  balloons,  for  the  oxy4tydrogen  flame,  for  the  hydro- 
genation  of  oils,  and  in  the  production  of  synthetic  ammonia. 

Hydrogen  Peroxide.  The  action  of  dilute  acids  on  bfuium  peroxide 
gives  hydrogen  peroxide.  A  mixture  of  the  peroxide  and  water  with  the 
consistency  of  cream  is  added  slowly  to  cold  dilute  phosphoric  acid,  the 
temperature  of  whioh  should  not  rise  over  15°  C.  The  precipitate  of  barium 
phosphate  is  allowed  to  settle,  and  the  clear  liquid  decanted.  It  is  best  to 
have  the  acid  in  slight  excess,  as  the  solution  is  less  liable  to  decompose. 

Peroxides  are  stroi^  oxidizing  agents.  Hydrogen  peroxide,  in  which 
the  oxygen  is  loosely  linked,  acte  as  a  reducing  agent  in  the  presence  of 
certain  oxidizing  substances.  It  is  used  in  the  bleaching  of  silk,  wool,  hair, 
feathers  and  ivory.  It  is  a  powerful  antiseptic,  especially  in  sui^eiy,  and 
prevents  processes  of  fomentation. 

Tii'*i""i-  This  is  one  of  the  rare  elements  and  is  of  no  conunercial 
value. 

fodine.    This  element  is  discussed  in  Chapter  VIII. 

bidium.  This  occurs  in  very  small  quantities.  It  is  not  dissolved 
even  by  aqua  regia,  and  for  this  reason  is  used  as  an  alloy  with  platinum 
in  tlie  manufacture  of  crucibles  that  will  resist  chemical  action.  The  alloy 
usually  contains  about  90  per  cent  of  platinum  and  10  per  cent  of  iridium. 
It  is  also  found  on  the  tip  of  the  more  expensive  gold  pens. 
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&Y>tL  Iron  is  very  abundant  in  nature  and  adapted  to  a,  multitude  of 
purposeB.  A  full  discuesion  of  the  metal  is  given  in  Chapter  XVII.  It 
forms  both  ferrous  and  ferric  con^pound8. 

FeiTous  Acetate.  To  get  this,  lead  or  calcium  acetate  is  added  to  a 
solution  of  ferrous  sulphate.  An  impure  product,  known  as  black  iron 
or  iron  liquor,  is  made  by  adding  scrap  iron  to  crude  pyroligneous  acid.  Its 
principal  use  is  a^  a  mordant  in  leather  dyeii^  and  in  calico  prinUng. 

Ferrous  Sulphate.  This  compound,  also  known  as  copperas  and 
green  vitriol,  is  a  by-product  in  the  manufacture  of  cement  copper.  In 
this  process  the  copper  is  precipitated  from  a  solution  of  its  sulphate  by 
means  of  iron.  The  ferrous  sulphide,  obtained  from  the  roasting  of  pyrites 
in  tiie  process  of  extracting  sulphur  therefrom,  may  be  allowed  to  weather 
in  the  presence  of  moisture,  by  which  means  both  ferrous  and  ferric  sul- 
phates are  formed.  To  the  mixed  sulphates,  scrap  iron  and  sulphuric 
acid  are  added,  which  reduces  the  iron  from  the  ferric  to  the  ferrous  con- 
dition. A  lai^  amount  of  ferrous  sulphate  is  obtained  from  the  pickle 
used  in  cleanii^  iron  castiilgs. 

The  solution  of  ferrous  sulphate  resulting  from  the  forgoing  methods 
is  concentrated  by  application  of  heat  to  the  surface  of  the  liquid  in  such  a 
way  as  to  prevent  oxidation.  The  concentrated  solution  is  allowed  to 
crystallize  on  woodwi  rods.  The  crystals  of  ferrous  sulphate  effloresce  in 
the  air  and  become  more  or  less  oxidised,  basio  ferric  sulphate  being 
formed.  It  is  soluble  in  about  Ij  puis  of  water.  Ferrous  sulphate  is 
most  important  as  a  m(»rdant,  as  a  disinfectant,  and  in  the  manufacture  of 
ink,  Prussian  blue,  and  red  oxide. 

Ferrous  Sulphide.  On  meltic^  iron  and  sulphur  together  a  black  com- 
pound, FeS,  results.     It  is  a  source  for  hydrogen  sulphide. 

Ferric  Oxide.  This  compoimd  occurs  in  nature  in  various  minends, 
or  it  may  be  prepared  artificially  by  the  rusting  of  iron.  The  natural 
product  serves  as  a  source  for  iron  and  steel,  and  in  some  of  its  forms  is 
of  value  as  a  pigment.  The  artificial  oxide  is  of  various  shades,  depending 
upon  the  method  of  preparation,  and  is  used  almost  exclusively  in  the  man- 
ufacture of  paint. 

Ferric  Chloride.  This  compound  is  obtained  by  oxidizing  ferrous 
chloride  with  nitric  acid,  or  by  passing  chlorine  through  a  solution  of 
ferrous  chloride.  It  is  used  in  the  chlorination  of  copper  and  silver,  and 
as  a  mordant  in  dyeing.  Sometimes  it  is  helpful  in  the  purifying  of 
effluent  water. 

Ferric  Su^ihate.  This  may  result  from  the  weatherii^  of  pyrites  in 
the  presence  of  sulphuric  acid.  It  may  also  be  made  by  adding  sulphuric 
acid  and  nitric  acid  to  a  solution  oi  ferrous  sulphate.  Its  principal  use  is  as 
a  sewf^  precipitant. 

Ferric  Nitrate.  By  treating  scrap  iron  with  an  excess  of  nitric  acid 
(sp.gr.  1.3)  and  evaporating  the  solution,  colorless  crystals  are  obtained. 
When  ferric  hydroxide  is  added  to  this  solution,  a  basic  nitrate  results. 
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This  basic  nitrate  is  used  in  siUc  dyeing  and  weighting,  and  for  ooloring  buff 
OD  cotton.  The  usual  form  of  "  nitrate  of  iron  "  oonsiste  of  basic  sulphate 
of  iron  and  contains  oxides  of  nitrc^^. 

KryptiMi.  This  rare  el^nent  is  present  in  the  atmosphere  to  the  extent 
of  one  part  in  one  million.  It  has  a  characteristic  spectrum  and  ia  noticed 
especially  in  the  aurora  horealis. 

Lanthanum.  lAUthanum  occurs  as  a  rare  oxide  in  monazUe.  When 
the  oxide  is  heated,  it  gives  off  a  very  intense  white  light,  which  has  led 
to  its  practical  appUcation,  tt^ther  with  other  rare  earths,  in  the  man- 
ufacture of  gas-light  mantles.  The  mantle  m&de  formerly  from  cotton  or 
linen,  is  to-day  woven  from  arti6cial  silk.  The  fabric  is  dipped  into  a 
solution  of  the  nitrate  of  these  rare  earths,  allowed  to  dry,  dipped  again  and 
again,  or  until  a  sufficient  quantity  of  the  salte  has  been  absorbed,  and 
finally  the  dry  mantle  is  dipped  in  a  solution  of  collodion.  The  mantle 
is  put  in  position  on  the  burner  and  the  cdlodion  and  fiber  burnt  out,  thus 
leaving  a  net-work  of  the  oxides,  which  ^ow  when  heated  with  the  charr 
acteristic  intense  light. 

Lead.  This  metal  is  found  abundantly  in  nature  as  tiie  mineral 
galena,  and  to  a  smaller  extent,  in  various  other  minerals.  There  are 
many  methods  in  v<^e  for  separating  the  metal,  but  the  one  most  com- 
mon in  this  country  is  to  roast  the  ore  in  a  reverberatory  furnace  with  a 
raliea  flux;  the  resulting  mixture  of  oxide  and  silicate  is  transferred  to  a 
cupola  furnace  where  it  is  heated  with  coke,  lime  sometimes  being  added. 
The  lead  thus  formed  is  drawn  off  from  time  to  time  and  run  into  molds, 
giving  what  is  known  as  pig  lead. 

Pure  lead  is  bluieh^ray,  soft,  and  ductile.  Heated  in  the  air,  it  readily 
oxidizes.  It  is  not  attacked  by  hydrochloric  or  sulphuric  acids.  Nitric, 
as  well  as  many  oi^;amc  acids,  however,  dissolve  lead  very  rapidly,  forming 
lead  salte,  all  of  which  are  very  poisonous. 

Lead  is  used  extensively  in  chemical  technolt^y,  especially  for  build- 
ii^;  lead  chambers  and  other  equipment  m  the  manufacture  of  sulphuric 
acid.  It  is  used  for  making  small  pipes,  small  shot,  in  stor^e  batteries, 
and  as  a  constituent  of  many  alloys.  One  of  its  principal  applications  is  in 
the  manufacture  of  lead  pigments. 

Lead  Oxide:  PbO.  On  heating  metallic  lead  or  residues  from  the 
manufacture  of  whUe  lead,  a  reddish-yellow  powder  is  obtained  which  is 
C4HnmerciaIly  known  as  litharge.  This  material  is  important  as  a  drier 
in  paint  oils,  in  the  manufacture  of  rubber  goods,  and  as  the  raw  material 
for  making  a  large  number  of  lead  salts. 

Lead  Dioxide:  PbOs.  This  compound,  also  called  lead  peroxide, 
c<Hnes  from  treatmg  red  lead  with  nitric  acid.  It  is  used  extensively  in 
the  manufacture  oi  storage  batteries,  as  an  oxidizing  agent,  and  in  the 
manufacture  of  matehes. 

Minium:  Pb304.  Minium,  or  red  lead,  is  prepared  either  by  heating 
litharge  in  a  reverberatory  furnace  to  a  temperature  of  about  450°  C,  or 
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by  beating  a  mixture  of  litbarge  aod  sodium  nitrate  to  a  dull  red  beat. 
In  tbe  form  of  a  paint  it  makes  a  good  protective  coating  for  steel  and  iron 
structures.     For  machinery  and  glass  manufacture  jt  is  also  of  value. 

Lead  Carbonate.  Tbis  material,  both  neutral  and  basic,  is  discussed 
in  Chapter  XIII. 

Lead  Nitrate.  By  dissolviDg  lithwge  in  dUute  nitric  acid  and  evapo- 
rating to  small  volume,  colorless  crystals  of  lead  nitrate  are  produced. 
An  excess  of  hthai^  gives  tbe  basic  nitrate. 

Lead  Suljdiate.  This  compound  is  made  by  adding  sulphuric  acid  or  a 
sulphate  to  a  soluble  lead  salt;  also  made  by  roasting  sulphide  ores.  It 
is  discussed  in  Chapters  XIII  and  XV. 

Littliimi.  Electrolysis  of  the  fused  chloride  will  give  lithiimi.  It  is  a 
soft  metal  with  silvery  luster  and  specific  gravity  0,59,  the  lii^test  metal 
known.    The  carbonate  and  salicylate  are  much  used  in  medicine. 

Magnesium.  This  element  occurs  in  the  minerals  magnesite,  ddomite, 
a^yestos,  UUc,  serpentine,  and  in  the  form  of  magnesium  salts  in  the  Stass- 
furt  deposits  as  caTnaUUe,  kieaerite,  and  hainite.  It  is  prepared  in  the 
metallic  state  ify  electrolysis  of  the  fused  chloride  and  is  of  a  silvery  white 
color.  It  ia  ductile  and  malleable,  and,  when  heated,  may  be  drawn  into 
wire  or  ribbon.  If  heated  in  a  gas  flame,  it  takes  fire,  and  bmns  to  the 
oxide  with  a  very  bright  lif^t  rich  in  chemical  rays.  Two  parts  of  pow- 
dered magnesium  with  one  part  of  potassium  chlorate  give  a  very  intense 
light  when  brought  in  contact  with  a  spark,  hence  their  extensive  use 
in  flashlight  photc^raphy. 

Magne^um  Oxide.  This  oxide  is  obtained  by  heating  the  carbonate 
to  redness.  It  is  common  in  medicine,  and  also  as  a  refractory  material 
for  furnaces  that  are  required  to  withstand  very  high  temperatures.  It 
is  a  part  of  the  Nemst  incandescent  electric  lamp,  where  it  is  mixed  witli 
the  oxides  of  some  of  the  rare  earths. 

Ma|;neBium  Chloride.  The  mother  liquor  of  the  Stassfurt  salts  is 
evaporated  to  about  42°  B4.,  when  crystals  separate  consisting  of  about 
80  per  cent  of  MgCb-BH^O.  It  makes  a  good  filler  for  cotton  and 
woolen  goods;  and  is  a  constituent  of  magnesia  cements.  These  cements, 
which  are  very  hard,  are  known  under  various  trade  names,  but  they  nearly 
all  consist  of  a  mixture  of  magnesium  chloride,  sawdust,  and  mafmesium 
oxide. 

Magnesium  Sulphate.  Epsom  salts  is  found  in  many  mineral  springs, 
but  the  most  important  source  is  kieserite  (MgS04-H20),  which  is  quite 
insoluble  in  water,  but,  on  standing  in  contact  with  the  water  for  some 
time,  it  undergoes  solution,  becoming  MgSO^-THaO.  It  is  also  prepared 
from  kainite  CK2S04-MgS04-MgCl2  61120);  as  well  as  by  the  action  of 
sulphuric  acid  on  the  natural  carbonate,  magneaite.  It  is  a  colorless, 
crystatline  salt,  readily  soluble  in  water,  and  efflorescent  in  dry  air.  It 
loses  all  of  its  water  of  crystallisation  at  about  230°  C. 

Magnesium  sulphate  has  a  medicinal  value  under  the  name  of  Epsom 
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aaUa;  it  is  used  in  the  finishing  of  cotton  fabrics  and  for  weighting  paper, 
silk,  and  leather. 

Blangsnese.  This  element  does  not  occur  free  in  nature,  but  is  widely 
distributed  in  the  form  of  ores,  the  principal  one  being  pyrohmte.  In  the 
metallic  condition  it  ia  obtained  by  the  Goldschmidt  process  as  a  gray 
lustrous  material.  In  the  metallurgy  of  iron  and  steel  it  gives  hardness 
and  heat  resistance;  and  has  recently  been  valiuible  in  the  making  of 
helmets.    8ome  of  its  compounds  are  good  oil  driers. 

Manganese  Dioxide.  The  mineral  pyrdusite  contains  this  in  the  natural 
form.  Dissolved  in  cold  hydrochloric  acid,  it  gives  the  chloride  MnCU, 
which,  when  heated,  breaks  down  into  the  chloride  MnCh  and  Ct2.  This 
reaction  is  the  foundation  of  the  Wetdon  process  for  the  manufacture  c^ 
chlorine,  described  in  Chapter  VIII.  The  oxide  is  used  for  many  pur- 
poses, among  them  the  manufacture  of  oxygen. 

Maogaoous  Sulphate.  This  compound  is  made  by  dissolvii^  the 
carbonate  in  sulphuric  acid.  It  is  used  in  dyeing  and  for  painting  on 
porcelain. 

Potassium  Pennaoganate.  This  compound  is  prepared  by  mixing 
togetJter  potassium  hydroxide  in  solution,  manganese  dtoxide,  and  potas- 
fflum  chlorate,  boilinj;  vigorously,  and  evaporating  to  a  paste.  The  paste 
is  then  heated  in  a  crucible  to  a  point  of  fusion,  dissolved  when  cold  in 
water,  and  oxidized  with  chlorine  or  ozone.  The  permanganate  crys- 
tallizes from  the  concentrated  solution  in  metidlic  looking  crystals.  It  is 
fairly  soluble  in  water,  giving  a  purple  color.  It  is  a  strong  oxidizing  t^nt 
for  organic  and  inorganic  substances;  it  bleaches  vegetable  fibers  and 
purifies  various  gases.  Recently  sodium  permanganate  has  largdy 
replaced  the  potassium  salt. 

Mercmy.  This  is  the  only  metal  that  is  hquid  at  ordinary  t^npera- 
tures.  Existing  to  a  slight  extent  in  the  free  condition,  it  comes  almost 
exclusively  from  cinnabar.  From  this  mineral,  which  is  the  sulphide 
HgS,  it  is  prepared  by  distilling  in  a  free  supply  of  air.  The  mercury 
distills  over  and  is  condensed,  while  the  sulphur  bums  to  sulphur  dioxide. 

Mercury  is  a  silvery  white  liquid  with  specific  gravity  13,6,  It  com- 
bines with  nearly  all  of  the  metals,  except  iron,  forming  amalgams  of 
varied  practical  applications.  The  mercury-vapor  electric  lamp  of 
Bastian  consists  of  a  long,  horizontal  tube  containing  a  smalt  quantity  of 
mercury.  At  each  end  of  the  tube,  which  is  under  high  vacuum,  is  an 
electrode.  By  passing  a  current  through  the  mercury  it  becomes  vapor- 
ized; and  the  vapor,  acting  as  a  conductor,  gives  off  a  very  intense  Ught. 
The  largest  amount  of  mercury  is  required  for  the  extraction  of  gold 
and  silver,  but  considerable  is  also  necessary  for  chemical  and  physical 
apparatus.     Mercury  forms  both  mercurous  and  mercuric  compounds. 

Mercuric  Oxide.  This  oxide  is  produced  by  heating  mercuric  nitrate 
and  mercury  in  an  iron  crucible.  Bright  red  m  color,  it  is  sometimes 
known  as  red  prectpiUUe. 
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Hercurous  Chloride.  This  compound,  also  called  calomel,  is  prepared 
by  heating  a  mixture  of  4  parts  of  mercuric  chloride  with  3  porta  of  met^lic 
mercuiy.  It  ^  heated  in  an  irou  pot  until  a  whit«  masa  forms.  The  tem- 
perature is  then  raised,  and  the  mercuroua  chloride  sublimes.  It  is  then 
further  purified  by  washing. 

Mercuric  Chloride.  Another  chloride,  also  known  as  eorroewe  mMi- 
maie,  is  made  by  subliming  a  mixture  of  mercuric  Etulpbate  and  sodium 
chloride  in  the  presence  of  a  small  quantity  of  manganese  dioxide,  also 
by  dissolving  mercuric  oxide  in  hydrochloric  acid.  ConamerciaDj-,  how- 
ever, it  is  made  by  heating  mercury  in  the  presence  of  chlorine  gas.  Being 
a  vit^eat  poison,  it  should  be  handled  with  great  care.  In  very  dilute 
BdutionH  it  is  an  effective  antiseptic  for  medicinal  purposes;  on  an  indus- 
ttial  scale,  it  is  used  for  impregnating  timber. 

Molybdenum.  The  mineral  molybdenite  gives  the  oxide  M0O3  when 
roasted.  The  metal  is  derived  from  the  oxide  heated  with  carbon  in  a 
stream  of  hydrogen  in  the  electric  furnace.  It  is  a  gray  powder,  which, 
on  fusing,  becomes  silvery  in  appearance.  The  metal  is  used  in  manu- 
facturii^  some  of  the  hard  steels;  and  the  oxide  is  the  source  of  molyb- 
datee.  • 

Neodymiuiii.  This  is  one  of  the  rare  earths  and  baa  no  practical  Appli- 
cation. 

Neoo.    This  is  another  of  the  rare  elements  of  the  atmosphere. 

Nickel.  This  metal  contained  principally  in  gamierite,  2(NiMg)Si40i3- 
2H2O,  is  extracted  by  heating  the  mineral  with  coke  and  a  basic  flux,  sub- 
sequently puddling  in  an  open-hearth  furnace  with  hot  air  to  separate  the 
iron,  manganese,  and  sihcon.  The  crude  nickel  resulting  from  this  or  other 
methods  constitutes  what  is  known  as  nic)id  matte  and  is  purified  by  elec- 
trolytic means. 

Pure  nickel  has  a  silvery  appearance,  is  ductile,  and  sl^tly  magnetic. 
It  remains  unchanged  in  the  air  and  consequently  is  a  part  of  many  alloys, 
such  as  nickel  coins  and  German  »ih>er.  It  is  a^  much  used  for  eloctro- 
plating  iron,  for  making  nickel-steel  and  armor-plate,  and  in  the  manu- 
facture of  various  utensils.  In  the  finely  divided  condition  it  ia  a  good 
catalytic  agent.  Combined  with  chromium  it  forms  an  alloy  having  a 
very  h^h  resistance,  and  found  largely  in  electrical  heating  apparatus. 

Nickel  Sulfdtate.  Nickel  dissolved  in  sulphuric  Eicid  form  bright  emer- 
ald green  crystals  of  nickel  sulphate.  It  is  important  as  an  electrolyte  in 
electroplating. 

Nitrogen.  In  the  free  state,  nitrogt^n  forms  about  four-fifths  of  the 
atmosphere.  It  is  also  abundant  in  ammonia  salts,  nitrates,  and  many 
organic  substances.  Heating  a  mixture  of  potassium  dichromate  and 
ammonium  chloride  will  give  pure  nitrogen.  Many  commercial  methods 
have  been  proposed.  The  liquid  air  method,  however,  seems  to  be  the 
most  satisfactory.  FormeHy,  nitrogen  was  thought  to  be  one  of  the  most 
inert  of  the  elements;  at  present,  however,  this  idea  has  been  greatly 
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modified,  as  we  now  have  many  compounds  fonned  by  direct  union  with 
tJie  element. 

Some  oitrog^  compounds  are  a  very  vital  factor  in  the  production  of 
crops.  As  the  natural  supply  of  nitrates  and  ammonia  is  becobiing 
limited,  we  have  had  to  devise  ways  and  means  for  separating  this  much- 
needed  element  from  its  inexhaustible  source,  the  atmosphere.  (See 
Chapter  IX.) 

Osmium.  One  of  the  rare  elements,  this  has  the  highest  specific 
gravity  (22.48)  of  any  of  the  metals;  it  also  has  the  h^hest  melting-point, 
and  in  the  tnass  is  not  affected  even  by  aqua  regia.  From  the  fact  that  its 
oxide  Ob04  produces  a  highly  poisonous  and  irritating  vapor,  It  has  been 
suggested  as  a  trench  gas  in  modem  warfare. 

Ozj^en.  Oxygen  is  the  most  abundant  and  important  of  the  elements, 
being  found  in  the  air  to  the  extent  by  weight  of  23  per  cent,  in  water, 
89  per  cent,  as  well  as  in  minerals,  acids,  salts,  and  animal  and  vegetable 
matter.  It  combines  either  directly  or  indirectly  with  all  elements  except 
fluorine,  helium,  and  argon.  It  is  a  colorless,  odorless  gas.  In  the  labora- 
ratory  it  mt^  be  prepared  in  various  ways.  Many  industrial  methods  of 
preparation  have  also  beea  proposed,  but  of  these  only  a  few  have  proven 
of  practical  and  economic  value. 

Eledroljftic  Oxygen.  Among  the  processes  recently  devised  is  that 
based  upoa  the  electrolysis  of  water  in  specially  arranged  cells.  This,  it  is 
claimed,  has  many  advantages  over  the  others,  especially  as  hydrc^n  is 
generated  at  the  same  time.  The  equipment,  however,  is  somewhat 
expensive  and  depends  laigely  upon  the  cost  of  electrical  power.  It  can, 
of  course,  be  operated  to  greater  advantage  where  electrical  esaeigy  is 
readily  available. 

Boussingauli-Brin  Bros.'  Prvcess.  In  the  original  process  bariiun  oxide 
is  heated  to  a  dull  redness  in  a  current  of  air,  freed  from  carbon  dioxide. 
At  this  temperature  it  absorbs  oxygen  and  becomes  barium  peroxide. 
After  the  reaction  is  complete,  the  heat  is  raised  to  bright  redness,  where- 
upon the  barium  peroxide  is  dissociated  into  barium  oxide  and  oxygen. 
The  process  would  be  continuous  and  the  barium  oxide  could  be  used 
repeatedly,  if  it  did  not  become  glassy  and  hydrated.  Inasmuch  as  the 
reaction  cannot  be  repeated  successfully  more  than  ten  or  twelve  times, 
the  process  is  not  practical.  Gondolo  pro[)osed  the  intimate  mixing  of 
lime  of  magnesia  with  the  barium  oxide.  This  prevents,  to  a  certain 
extent,  the  production  of  hydrate,  so  that  the  operation  may  be  repeated 
125  times. 

The  modification  introduced  by  the  Brin  Brothers  consists  in  heating 
the  barium  oxide  to  a  dull  redness  in  retorts  into  which  pure  air  is  forced 
under  a  pressure  of  about  15  pounds  to  the  square  inch.  When  the  barium 
oxide  has  been  converted  to  the  peroxide,  the  pressure  pump  is  reversed 
uid  a  vacuum  of  about  27  inches  produced,  the  temperature  remaining  the 
same.     Uoder  these  conditions  one  atom  of  oxygen  is  evolved  from  the 
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barium  peroxide.  The  operation  ia  a  continuous  one,  except  that  the 
barium  oxide  must  be  revivified  every  six  months. 

Thessie  du  Motay-Marechal  Process.  In  this  proceas  a  mixture  of 
manganese  dioxide  and  caustic  soda  is  heated  in  a  current  of  dry  air  to  dull 
redness,  sodium  manganate  being  formed.  The  properly  granulated  mass 
is  now  heated  to  450°  C.  in  a  current  of  steam,  when  the  following  reaction 
takes  place: 

Na4Mn04+H20  =  2NaOH+Mn03+0. 

To  secure  regularity  in  the  reaction,  a  small  amount  of  cuprous  oxide  may 
be  added  to  the  mixture.  As  manganese  dioxide  and  sodium  hydroxide 
are  r^enerated  in  the  second  reaction,  the  process  in  a  continuous  one. 

Oxygen  from  Liquid  Air.  Liquid  air  machines  have  been  perfected  so 
that  their  operation  has  become  very  economical.  If  Uquid  air  is  allowed 
to  evaporate,  the  nitn^n  passes  off  more  readily  than  the  oxygen.  By 
use  of  double-walled  vacuum  vessels,  the  evaporation  takes  place  so 
slowly  that  most  of  the  nitn^n  escapes,  leaving  fairly  pure  oxygen.  By 
this  method  the  oxygen  gas  contains  about  10  per  cent  of  nitrogen. 

Oxygen  is  used  ia  the  oxy-hydrogen  blow  pipe,  in  the  manufacture  of 
blown  oils,  in  the  aging  of  liquors,  in  glass  refining,  in  medicine,  and  in 
the  oxy-acetylene  welding  process, 

Ozooe.  This  peculiar  fomi  of  oxygen  was  first  observed  by  Van 
Marum  in  17S5,  who  passed  a  current  of  air  through  an  electric  discharge. 
It  is  a  colorless  gas  of  chlorine-like  odor.  Under  great  pressure  its  color  is 
blue,  and  when  Uquefied  it  becomes  dark  blue,  mobile,  and  highly  magnetic. 
The  chemical  formula  is  O3 ;  and  the  molecular  weight  is  48.  At  ordinary 
temperatures  it  is  relatively  stable,  but  decomposes  in  contact,  with  organic 
or  in  general,  oxidizable  matter,  and  spontaneously  at  260°  C.  Ozone 
may  be  formed  in  various  ways,  viz.:  by  chemical  action,  by  electrolysis, 
by  the  electrostatic  field,  by  ultrar-violet  rays,  by  radio-active  elements,  by 
incandescent  solids,  and  by  vaporization  of  water.  Of  the  chemical 
methods,  the  heating  of  peroxides  or  potassium  permat^anate  with  strong 
sulphuric  acid  may  be  mentioned;  but  the  production  by  the  electrostatic 
field  has  been  the  only  one  developed  commercially,  although  the  theory  of 
the  latter  is  not  fully  understood,  it  is  probable  that  ionization  by  collision 
takes  place  with  consequent  dissociation  of  the  oxygen,  which,  on  recom- 
bination, furnishes  aggr^^tes  of  ions  consisting  of  molecules  with  an 
attached  extra  atom. 

Machines.  Ozone  generators  are  of  various  types.  The  essential 
principle  of  all'is  the  juxtaposition  of  two,  or  a  pluraUty  of,  discharging 
surfaces  so  as  to  form  a  condenser  with  an  aJr  gap  which  may  or  may  not 
be  furnished  with  a  dielectric  element.  The  discharging  surfaces  may  be 
smooth  or  armed  with  points,  and,  if  smooth,  they  may  be  flat  or  curved. 
Ozonators  without  dielectrics  generally  possess  rotating  electrodes  so  that 
they  are  in  relative  motion  with  the  aim  of  averting  sparking,  which  favors 
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the  fonnatiOD  of  nitrogeD  oxidea  and  the  destruction  of  ozone  already 
formed. 

The  great  majority  of  successful  osone  generators  have  smootti  elec- 
trodes and  dielectrics,  and  are  divisible  into  two  types:  the  cylindrical 
and  the  plate.  In  a  typical  form  of  plate  ozonator  two  outer  plates  are 
pierced  at  the  center  and  the  osonized  air  is  aspirated  through  tubes 
inserted  in  the  holeB.  The  air  enters  at  the  peripheries  of  the  plates  and 
passes  through  the  field  to  the  center.  Cooling  is  effected  by  means  of 
flat  rectangular  water  boxes  in  contact  with  and  between-  the  two  inner 
plates.  The  two  outer  boxes  are  earthed  and  form  the  ground  aide  of 
the  circuit;  the  inner  box  is  insulated  and  constitutes  the  high  potential 
element  of  the  ozonator.  The  boxes  are  all  furnished  with  circulatingwater 
that  in  the  inner,  high-tension  box  being  introduced  and  removed  by  having 
the  water  fall  through  the  air  a  distance  sufficient  to  insure  against  waste- 


Fio.  119. 


ful  current  leakage.  The  whole  structure  is  conunonly  enclosed  in  a 
glass  retaining  case  into  which  suitable  dry  air  is  introduced.  The  advan- 
tage of  this  type  of  osonator  is  that  as  Uie  field  is  produced  between  the 
two  glass  plates,  the  labor  necessary  to  keep  the  machine  clean  is  nominal. 
The  disadvantages  are  difficulty  of  disassembling  and  assembling,  high 
potential  required,  complexity  of  the  cooling  system,  large  space  occupied 
and  danger  of  shut  down  of  the  whole  system  through  failure  of  one 
unit. 

A  representative  tubulso'  unit  is  shown  in  Tig.  119.  This  consists  of 
a  cast-iron  frame  with  two  closed  bulkheads  connected  by  the  ozone  tubes 
in  much  the  same  way  as  in  a  water-tube  boiler.  Within  these  tubes, 
which  are  of  gjase,  the  cylindrical,  h^h-tension  electrodes  are  placed  coax- 
ially.  The  outer  tubes  are  immersed  in  water,  which  furnishes  the  ground 
element,  while  the  inner,  high-tension  elements  are  connected  to  the  cir- 
cuit by  means  of  suitable  contacts  on  a  bus  bar,  carried  into  the  air  header 
ttmiugh  insulating  bushings.    The  air  is  introduced  into  the  rear  header 
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and  passes  through  the  tubes  to  the  front,  whence  it  passes  into  the  ozone 
collecting  pipe.  This  machine  requires  cleaning  out  from  time  to  tiiae,  but 
the  operation  is  simple  and  quickly  performed.  The  door  of  the  ozone 
header  is  removed,  the  iimer  electrodes  drawn  out,  and  the  tubes  cleaned 
with  a  swab. 

Commercial  ozonators  are  commonly  operated  on  voltages  rangii^ 
from  5000  to  20,000,  and  at  frequencies  of  from  50  to  500  cycles  per 
second.  A  transformer  is  used  to  generate  the  current.  Special  high 
frequency  generators  are  usually  fumidied  in  all  but  the  smallest  installa- 
tions, for  the  capacity  of  an  ozone  generator  is  almost  proportional  to  the 
frequency  employed,  and  the  use  of  500-cycle  currents  results  in  multiplying 
the  capacity  of  a  given  generator  by  ten  as  compared  with  operating  it 
on  50  cycles. 

An  essential  to  successful  and  economical  operation  is  dry,  dense,  and 
cold  air,  consequently  most  installations,  excepting  very  small  ones, 
include  a  meaos  for  refrigerating  the  air.  It  has  been  found  in  practice 
that  air  cooled  to  about  zero  cent^p^e  possesses  the  requisite  dryness, 
and  that  furtrher  cooling  is  uneconomical,  because,  although  the  efficieni^ 
yield  of  the  ozonator  is  increased,  this  is  only  at  the  expense  of  relatively 
greater  cost  for  refrigeration. 

Concmirali(ma  and  Yielda.  For  most  industrial  purposes  the  con-, 
centration  should  be  in  the  neighborhood  of  from  two  to  three  grams  per 
cubic  meter  of  air,  although  in  some  special  cases  it  may  be  as  high  as  five 
grams.  It  is  rarely  found  expedient  to  operate  at  greater  concentrations. 
The  average  yield  is  about  fifty  grams  per  kilowatt  hour,  and,  although 
much  higher  yields  are  claimed  from  time  to  time  for  certain  types  of 
generators,  there  are  none  in  commercial  operation.  It  is  also  signifi- 
cant that  drawing  the  ozone  throi^h  an  acidified  solution  <tf  potassium 
iodide,  a  procedure  which  is  often  followed  in  analysis,  gives  an  in- 
correct result  which  may  be  from  50  to  60  per  cent  higher  than  the  correct 
value. 

Applications.  The  applications  of  ozone  are  dependent  upon  the  fact 
that  it  is  a  powerful  oxidizing  agent  and  that  it  oxidizes  most  substances 
at  temperatiires  much  below  those  at  which  they  are  capable  of  combinii^ 
with  ordinary  oxygen. 

Ventilation.  Ozone  is  used  in  ventilation  chiefly,  because  of  its  power 
to  destroy  organic  odors.  It  has  been  shown  that  it  is  capable  of  oxidizing 
the  odors  arising  from  various  animal  and  industrial  activities:  e.g.,  those 
of  valerianic  acid,  butyric  acid,  Ekatol,  indol,  decayed  foods,  fish,  tanners' 
scrap,  manure,  etc.  The  causes  of  distress  in  vitiated  air  are  heat,  moisture, 
and  crowd  odors.  It  is  not  believed  that  the  iH^;anic  excreta  bausing  the 
latter  are  poisonous,  but  it  is  generally  conceded  that  the  odors  constitute 
a  real  cause  of  objectionableness  in  stale  air.  Prof.  Bass  has  recently 
conducted  experiments  on  school  children,  which  have  established  the 
fact  that  the  addition  of  about  1  part  of  ozone  in  a  million  parts  of  tur 
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determines  the  difference  between  tolerable  and  intolerable  conditions, 
when  the  air  supply  is  very  small. 

It  was  at  one  time  supposed  that  on  account  of  the  very  great  bac- 
tericidal power  of  ozone  it  would  prove  valuable  in  disiufectiDg  the  air 
of  dwellings  and  factories,  but  it  has  been  shown  that  in  breathable  con- 
centrations it  has  little  effect  on  the  dry  bacteria  in  the  au-.  This,  how- 
ever, is  immaterial,  as  it  is  now  generally  accepted  that  the  dried  bacteria 
in  the  air  are  not  concerned  in  its  vitiation  nor  in  disease  transmiaaion. 
In  suitable  concentrations  ozone  may  be  used  for  disinfecting  and  deodor- 
izing roomd  that  have  become  contaminated  or  infected. 

Water  Purificaiion.  The  purification  of  potable  water  constitutes 
(me  of  the  most  important  appUcations  of  ozone  up  to  the  present  time. 
The  advantages  of  the  method  are  the  non-poisonous  nature  of  the  reagent, 
the  insolubility  that  insures  against  an  excess  remaining  in  the  water,  and 
the  fact  that,  besides  rendering  the  water  sterile,  it  removes  all  taste  and 
odor  due  to  organic  defilement. 

Water  to  be  ozonized  ordinarily  requires  rough  filtering  to  remove  the 
bulk  of  Uie  organic  matter,  about  97  per  cent  being  thus  eliminated.  The 
osone  is  reUed  upon  to  destroy  the  bacteria,  smell,  taste,  and  color  persisting 
after  filtering.  The  ottone  is  introduced  into  the  water  under  pressure  and 
.  intimately  mixed  with  it  by  suitable  mechanical  means,  such  as  agitation 
or  forcing  it  through  the  interstices  betjveen  broken  rock  or  liie  like,  or 
through  sieves. 

Technical.  The  technical  appUcations  of  ozone  are  very  numerous 
and  are  increasing  daily  in  number.  Oils,  fats,  tallows,  and  waxes  may 
be  bleached,  deodorized,  rendered  tasteless,  and  otherwise  purified  by 
means  of  ozone. 

Raw  linseed  <ul  may  be  converted  into  a  good  drying  varnish  by  having 
ozone  blown  tJirou^  it.  At  ordinary  temperatures  this  bleaches  the  oil 
and  increases  its  viscosity.  At  elevated  temperatures  the  oil  darkens, 
and  it  may  be  so  completely  dried  as  to  be  useful  for  the  manufacture  of 
linoleum.  Kaw  menhaden  oil  may  be  clarified,  deodorized,  bleached,  and 
greatly  thickened  in  the  same  manner.  Raw  cotton-eeed  oil  is  bleached 
and  deodorized,  besides  being  rendered  viscous. 

Ozone  is  applird  to  bleaching  cotton,  linen,  and  silk  fabrics.  It  pos- 
sesses great  advantages  over  chlorine  in  that  it  is  non-poisonous  and 
does  not  have  to  be  mixed  in  vats  which  suffuse  the  buildings  with 
fumes. 

Ozone  is  used  successfully  for  drying  oil  varnishes,  as  in  the  manu- 
facture  of  patent  leather.  If  it  is  mixed  with  varnish,  the  latter  dries 
quickly  and  evenly  throughout  its  thickness;  and  if  varnished  surfaces 
are  exposed  to  ozone,  it  causes  the  formation  of  a  protective  suriace  while 
the  underiyii^  layers  harden  more  slowly. 

Ozone  is  important  to  the  cold-etorage  industry.  For  many  substances 
there  exists  a  critical  temperature  below  which  they  may  not  be  stored 
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without  danger  or  damage,  and  above  which  bacterial  proliferation  and 
other  putrefactive  causes  result  in  deterioration.  It  is  difficult  to  maintain 
these  critical  temperatures  in  rooms  the  doors  of  which  are  being  opened 
and  shut  constantly,  and  it  has  been  found  that  with  the  aid  of  ozone  all 
deleterious  processes  may  be  suppressed,  even  though  the  tonperature 
rises  several  degrees  above  the  critical  point. 

In  the  brewery,  osone  is  becoming  widely  used  for  sterilizing  and  diyii^ 
the  caflks  and  in  providing  water  of  unsurpassable  quality  for  brewing. 
Recent  researches  have  shown  that  it  increases  the  power  and  activity  <^ 
yeast. 

Alfadine  Peroxides.  By  heatit^  100  parts  of  alkali  with  70  to  90  parts 
of  lime  or  magnesia  to  a  temperature  of  bright  redness,  an  alkaline  oxide  is 
formed.  The  alkaline  oxide,  heated  in  a  current  of  dry  air  at  a  tempera- 
ture of  about  500°  C,  is  converted  into  the  peroxide.  The  pulverized  mass 
is  slowly  added  to  water  and,  after  the  elimination  of  the  lime  or  magnesia, 
yields  an  effjctive  bleaching  solution.  By  the  addition  of  soluble  salts 
of  calcium,  barium,  or  strontium  to  this  solution,  the  peroxides  of  the 
alkaline  earths  are  precipitated.  The  alkaline  peroxides  may  also  be  pre- 
pared by  ex[X)sing  the  fused  metal  at  a  temperature  of  300°  C.  to  a  current 
of  purified,  dry  air. 

Palladium,  This  rare  element  exists  to  a  limited  extent  in  combination  . 
with  gold.  In  the  spongy  condition  it  absorbs  hydrogen  with  rapidity, 
and  marked  increase  in  temperature.  Advantage  is  taken  of  this  fact  in 
makii^  automatic  gas  lighters.  Palladium,  alloyed  with  gold,  is  a  white 
lustrous  body  beit^  used  quite  extensively  as  a  substitute  for  platinum  in 
jewelry  and  dentistry,  and  fw  many  other  purposes. 

PhoE^orus.  Tribasic  calcium  phosphate,  Ca3(P04)j,  in  the  form  of 
bone,  bone  ash,  and  mineral  phosphate  is  a  source  of  phcephorus.  The 
finely  ground  material  is  treated  with  sulphuric  acid  (sp-gr.  1.52)  in  lead- 
lined  tanks.  This  converts  the  tricalcium  phosphate  into  monocalcium 
phosphate.  The  clear  solution  is  drawn  off,  and  the  precipitate  thoroughly 
washed  with  hot  water.  The  solution  and  washings  are  evaporated  in 
leaden  pans  to  45°  B6.,  about  25  per  cent  of  coke  or  charcoal  added,  and 
the  pasty  mass  dried  in  iron  pans.  The  dry  mixture  is  then  subjected  to 
distillation  in  fireclay  retorts,  usually  placed  in  two  tiers.  At  the  start  of 
the  operation  the  monocalcium  phosphate  is  changed  to  the  metaphoephate, 
which,  in  the  presence  of  carbon,  forms  tricalcium  phosphate,  phos- 
phorus, and  carbon  monoxide.  The  neck  of  the  retort  is  passed  into  a 
condenser  containing  water,  imder  which  the  phosphorus  collects.  By 
this  method  about  two-thirds  of  the  phosphorus  in  the  phosphate  is  set 
free. 

Electrical  processes  are  taking  the  place  of  the  older  methods  for  the 
manufacture  of  phosphorus.  A  change  of  the  mineral  phosphate,  coke, 
and  sand  is  heated  in  an  electric  furnace  and  gives  a  yield  of  about  86 
per  cent. 
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The  "jrude  phosphorus  is  purified  by  filtration  throi^  porous  tile, 
chamois  skin,  or  canvas,  under  warm  water,  which  keeps  the  phosphorus 
Uquid.  It  may  also  be  purified  by  melting  under  a  warm  solution  of  potas- 
sium dichromate  and  sulphuric  acid.  Its  final  purification  is  by  redis- 
tillation in  iron  retorts. 

Ordinary  phosphorus,  a  yellow,  wax-like  solid,  melts  at  44"  C,  has  a 
specific  gravity  of  1.82,  and  distills  at  269"  C.  It  appears  on  the  market 
in  the  form  of  sticks,  which,  being  highly  inflammable,  must  be  kept  under 
water. 

Red  Pho^horus.  The  amorphous  form  is  prepared  by  heating  ordi- 
nary phosphorus  in  closed  iron  pots  to  a  temperature  of  250°  C.  for  several 
days.  There  always  remains  some  unchanged  phosphorus  which  must 
be  removdi  by  treating  the  mass  with  boiling  caustic  soda  or  carbon  disul- 
phide.  It  is  a  reddish-brown  substance,  which  only  inflames  in  the  air 
when  heated  to  about  260°  C.  It  is  insoluble  in  water  and  carbon  disul- 
phide,  and,  unlike  ordinary  phosphorus,  is  not  poisonous. 

Yellow  phosphorus  is  used  in  making  matches  and  phosphor  bronze; 
the  red  variety  is  one  of  the  constituents  of  safety  matches. 

Phosphoric  Add.  This  acid  is  prepared  from  bone  ash  or  mineral 
phosphate  by  the  action  of  sulphuric  acid.  The  filtered  solution  is  con- 
centrated to  a  syrupy  consistency,  which  contains  about  85  per  cent  of 
HsP04.  If  further  heated,  it  loses  one  molecule  of  water  and  becomes 
metaphosphoric  acid,  called  glacial  phosphoric  acid. 

Platinum.  This  metal  occurs  naturally  as  small  granules  in  the  sandy 
deposits  of  the  Ural  Mountains,  from  which  it  is  separated  by  levigation. 
It  is  mixed  with  some  of  the  other  rare  metals,  which  can  be  eliminated 
by  treatment  with  aqua  regia  and  subsequent  precipitation.  Pure  plat- 
inum has  a  silvery  appearance,  is  one  of  the  noble  metals,  and  is  not  altered 
in  the  air  even  at  elevated  temperatures.  It  alloys  with  other  metals,  and 
is  affected  by  fused  alkaline  hydroxides,  phosphorus,  cyanides,  sulphides, 
and  halogens.  It  is  a  part  of  many  forms  of  chemical  apparatus  and  is 
being  adopted  extensively  in  the  manufacture  of  jewelry.  It  is  most 
important  commercially  as  a  catalytic  agent  in  the  production  of  contact 
sulphuric  acid  and  in  the  conversion  of  ammonia  into  nitric  acid. 

Potassium.  This  element  is  abundant  in  nature  in  combination  witli 
various  other  substances.  It  is  present  in  all  soils  and  is  essential  to 
vq^table  life.  The  principal  source  is  from  feldspar  and  the  Stassfurt 
deposits.  For  many  years  Germany  had  controlled  the  market  of  the  world 
for  this  metal  and  its  compounds.  Since  the  outbreak  of  the  European 
war  many  methods  have  been  proposed  for  obtfuning  these  compounds 
from  other  sources,  as  it  has  become  especially  imperative  for  this  country 
to  be  independent  of  Germany  for  its  supply.  Among  the  methods  giving 
the  most  promise  and  already  yielding  large  quantities  of  potash  may  be 
mentioned  the  recovery  from  the  brine  of  Searles  Lake,  California;  from 
kelp;   from  feldspar;   from  cement  factory  dust;   and  it«  recovery  in  the 
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residue  from  many  oi^anic  materials.  The  production  of  potash  in 
America  inldlS  was  350  tons;  in  1916  it  had  increased  to  35,739  tons; 
while,  for  1918,  the  figures  indicate  a  phenomenal  output.  The  prepara^ 
tion  of  the  element  is  similar  to  that  given  later  under  soditmi,  and  like 
Bodium  it  forms  an  ^cten^ve  aeries  of  valuable  compounds. 

PotuBBJiim  Carbonate.  This  compound,  also  known  a^  jiotaA  and 
«a!te  of  tartar,  is  found  in  the  ashes  of  wood  and  plants,  beet  sugar  residues, 
and  wool  scourings,  but  the  largest  quantity  is  derived  from  the  chloride 
by  the  same  methods  as  for  the  corresponding  sodium  salt.  The  use  of 
potaadum  carbonate  is  somewhat  limited. 

Potasaum  Hydroxide.  Caustic  pola^,  the  common  name  for  the  hy- 
droxide, is  made  by  addii^  milk  of  lime  to  a  solution  of  carbonate.  The 
industrial  method  common  at  the  present  time,  however,  is  the  same  as 
that  employed  for  sodium  hydroxide.  The  principal  use  of  this  alkali  is 
in  soft  and  liquid  soaps. 

Potasfdum  Chloride.  This  compound  ia  separated  by  crystallization 
from  its  abundant  apurce,  the  Stassfurt  deposits,  which  have  furnished  the 
chief  raw  material  for  all  potassium  compounds. 

Potasaum  Nitrate.  Known  and  used  for  hmidreds  of  years,  the  nitrate 
is  found  in  nature,  to  a  limited  extent,  but  is  mostly  prepared  from  sodium 
nitrate  by  double  decomposition  with  potassium  chloride.  Its  principal 
use  is  in  the  manufacture  of  black  gunpowder  and  fertilizers. 

Potasdum  Ferrocyanide.  The  oldest  method  of  manufacture  consists 
in  heating  scrap  iron  with  a  mixture  of  organic  compounds  containing  nitro- 
gen, such  as  horns,  hoofs,  hides,  dried  blood,  and  potassium  carbonates. 
The  modem  method  is  to  fuse  potassium  carbonate  in  iron  crucibles  and 
add  in  small  portions  the  nitrogenous  material.  The  action  ia  very  violent 
and  must  be  conducted  with  care.  After  the  reaction  is  complete,  the 
fused  mass  is  lixiviated  to  separate  the  ferrocyanide  from  the  carbonaceous 
matter.  The  solution  is  evaporated  to  a  sp.gr.  of  1.27,  wherefore  the  fer- 
rocyanide crystallizes  out.  As  the  first  product  is  very  crude,  it  must  be 
subjected  to  recrystaUization. 

Potassium  Feiricyanide.  This  is  prepared  by  action  upon  the  ferro- 
cyanide with  a  current  of  chlorine : 

K4Fe(CN)6+Cl  =  Ka+K3Fe(CN)8. 

Potasdum  Cyanide.  By  fusing  potassium  ferrocyanide  with  potas- 
sium carbonate  a  change  takes  place  resulting  in  the  formation  of  potas- 
sium cyanide  and  potassium  cyanate,  the  latter  being  mostly  eliminated 
by  the  addition  of  carbon  during  the  reaction. 

Praseodymium.  This  rare  element  occurs  together  with  the  other  rare 
earths,  in  the  monazite  sands. 

Radium.  For  many  years  fluorescence  and  phosphorescence  have  been 
known.     Some  substances  give  off  light  after  being  exposed  to  sunlight,  but 


ELEMENTS  AT^IT  COMPOUNDS  245 

eveotually  lose  the  property  when  kept  for  some  time  in  a  dark  place. 
Phosphorescence,  as  we  have  long  known,  may  result  from  friction  or  other 
causes.  Recently,  however,  some  very  interesting  substances  have  been 
discovered  which  emit  heat  and  light  without  external  stimulation.  These 
"  radw-adive  "  substances  have  been  much  studied  during  the  past  few 
years,  and  the  discoveries  made  have  marked  a  wonderful  era  in  the  devel- 
opment of  both  chemical  and  physical  science.  Becquerel  in  1896  dis- 
covered that  uTamnite,  or  pitch-hUnde,  emitted  radiations  capable  of  affect- 
ing a  phott^raphic  plate  by  rays  that  could  neither  be  reflected  nor 
refracted.  Theserays,  it  was  also  learned,  rendered  gases  good  conductors 
of  electricity  and  converted  insulating  materials  into  conductiHs  of  the 
current.  Becquerel  attributed  these  properties  to  uranium  and  its  com- 
pounds, but  in  189S-1899  Madame  Curie  and  her  husband,  Professor 
Curie,  demonstrated  that  the  emanations  were  more  marked  in  the  resi- 
dues from  pitch-blende  that  uranium  had  been  removed  from.  By  using 
enormous  quantities  of  the  residues  they  were  eventually  able  to  separate 
a  substance  a  million  times  more  active  than  uranium,  and  to  this  they 
at  first  gave  the  name  of  jxAonium,  but  afterwards  called  it  Todium. 
This  original  radium  of  the  Curies  has  since  been  shown  to  contain  other 
elements,  but  it  is  not  within  the  scope  of  this  chapter  to  deal  with  all  of 
the  interesting  features  that  have  developed  from  this  wonderful  dis- 
covery. 

Radium  is  an  element  somewhat  similar  to  barium  in  its  chemical 
properties;  it  forms  salts  with  the  mineral  and  organic  acids.  One  very 
interesting  point  is  that  radium  is  supposed  to  be  a  metal  in  the  stage  of 
decomposition,  for  the  emanations  given  off  have  been  condensed  and 
proven  to  be  the  element  helium. 

Rhodium.  This  is  one  of  the  rare  elements  belonging  to  the  platinum 
group.  It  is  a  silvery  white  metal,  insoluble  even  in  aqua  regia.  It  is 
used  in  the  construction  of  electrical  pyrometers. 

Rubidium.  This  is  one  of  the  rare  elements  and  occurs  in  lithium- 
bearing  minerals.     Its  properties  are  somewhat  similar  to  potassium. 

Ruthenium.  This  belongs  to  the  platinum  group  of  rare  elements  and 
has  properties  somewhat  similar  to  that  metal. 

Samarium.  Monasiie  contains  this  but  it  has  no  commercial  apphca- 
tions. 

Scandium.  This  belongs  to  the  same  group  as  samarium  and  is  of  no 
commercial  importance. 

Selenium.  This  element  occurs  in  some  of  the  Bohemian  and  Swiss 
'  pyrites  and  is  found  in  the  dust  chambers  and  in  the  mud  of  the  lead 
chambers  of  sulphuric  acid  works.  The  selenium  is  recovered  by  treating 
the  dust  and  mud  with  a  concentrated  solution  of  potassium  cyanide  and 
reprecipitating  with  hydrochloric  acid.  The  crude  selenium  is  oxidized 
with  nitric  acid  to  SeOa,  and  then  purified  by  sublimation.  The  metal  may 
be  obtained  by  reducing  with  sulphur  dioxide. 
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Heated  in  the  air,  sdenium  bums  to  the  oxide,  ^vii^  o£F  an  odor  of 
rotten  onions.  The  metal  may  be  in  an  amorphous  or  crystalline  condition, 
the  latter  form  beii^  a  good  conductor  of  electricity,  the  conductivity 
increasing  with  the  illumination.  On  account  of  this  property,  it  finds 
application  in  wireless  tel^raphy  and  in  the  wireless  telephone.  Much 
research  work  has  been  conducted  along  applied  lines,  but  up  to  the  present 
time  there  are  many  difficulties  still  unsolved.  The  salts,  proposed  as  a 
treatment  in  some  of  the  so-called  incurable  diseases,  have  met  with 
&  certain  amount  of  success. 

Silicon.  This  element  does  not  occur  in  the  free  state,  but  in  com- 
bination as  siUcon  dioxide  and  silicates  it  constitutes  the  bulk  of  the 
earth's  crust.  In  the  free  condition  it  may  be  prepared  in  various  ways, 
one  being  the  heating  of  powdered  silica  with  powdered  metallic  mag- 
nesium. By  modem  processes  of  heat  treatment  in  the  electric  furnace, 
siUca  is  fused  to  a  transparent  glass  from  which  is  made  chemical  apparatus 
both  for  laboratory  and  industrial  purposes. 

Water  Glsss.  Soluble  glass  or  water  glass  consists  of  soluble  siUcates 
of  sodium  or  potassium,  or  a  mixture  of  the  two.  It  usually  comes  on  the 
market  as  a  thick,  syrupy  liquid.  In  its  manufacture  a  mixture  of  sand, 
charcoal,  and  soda  is  heated  together  in  a  reverberatory  furnace  for  eight 
to  ten  hours.  The  glass-like  mass  is  broken  up  and  boiled  with  water. 
The  resulting  solution  is  filtered  and  concentrated  to  the  proper  con- 
sistency. 

Water  glass  is  used  to  render  tissues  non-inflammable,  to  protect  wood 
and  porous  stone,  to  adulterate  cheap  soaps,  to  fix  pigments  on  cahco  and 
colors  on  mural  paintings,  to  make  artificial  stone,  and  also  to  cement  glass 
and  potteiy. 

Silver.  This  metal  is  found  free  in  nature  and  in  combination  with 
other  elements,  principally  as  the  sulphide,  Lead,  when  used  with  the 
proper  flux,  has  the  power  of  withdrawing  silver  from  its  ores.  The  lead 
buckle  is  heated  in  a  furnace  with  an  excess  of  air  whi^rcupon  the  lead 
bums  off,  leaving  the  silver  behind.  Silver  is  found  in  the  sludge  from  the 
electrolytic  deposit  of  copper,  and  is  a  by-product  in  other  metallurgical 
operations.  Many  other  methods  have  been  proposed.  Pure  silver  has  a 
white,  lustrous  color.  It  is  the  best  known  conductor  of  electricity.  It 
does  not  oxidise  when  exposed  to  the  air,  even  if  heated,  and  so  is 
classed  as  one  of  the  noble  metals.  It  is  a  constituent  of  many  alloys 
for  jeweby  and  coins.  Large  quantities  are  also  consumed  for  silver 
plating. 

Silver  Chloride.  This  compound  is  found  ready  formed  in  nature  as 
the  mineral  horn  silver,  or  it  may  be  prepared  by  adding  sodium  chloride 
to  a  soluble  silver  salt.  Although  insoluble  in  water,  it  dissolves  easily  in 
ammonia,  potassium  cyanide,  and  sodium  thioaulphate.  It  is  required 
extensively  in  the  preparation  of  photographic  papers. 

Silver  Bromide.    By  adding  sodium  bromide  to  silver  nitrate  this  com- 
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pound  U  formed.  It  ia  applied  in  making  the  pbotx^rsLphic  dry  plate  and 
in  gaslight  papers. 

Silver  Iodide.  When  sodium  or  cadmium  iodide  ia  added  to  ^ver 
nitrate,  silver  iodide  results.  It  is  implied  in  the  manufacture  of  photo- 
graphic dry  plates  and  developing  papers. 

Silver  Nitrate.  By  dissolving  pure  silver  in  dilute  nitric  add  silver 
nitrate  is  obtained.  If  a  copper-silver  ailoy  is  used,  the  copper  may  be 
eliminated  by  evaporatii^  to  dryness  and  heating  the  dry  mass  to  a  tem- 
perature of  250°  C.  The  copper  nitrate  is  decomposed}  yielding  copp^ 
oxide,  and  as  the  silver  nitrate  is  not  affected,  it  may  be  dissolved  in  water 
and  the  solution  evaporated  to  ciyBtallizati<m.  It  is  a  colorless  salt,  sol- 
uble in  water|~  melts  at  225°  C,  and  decomposes  at  dull  red  heat.  It  is 
used  in  photography,  in  the  preparation  of  indelible  ink,  as  a  cautery,  and 
for  silvering  the  back  of  mirrors. 

Sodium.  This  metal  is  not  found  in  the  free  condition  in  nature  but 
is  widely  distributed  in  combination  with  other  substances,  and  is  especially 
abundant  as  the  chloride  or  common  salt.  It  may  be  procured  in  various 
ways,  and  the  commercial  methods  are  given  in  Chapter  IX. 

Metallic  sodium  has  a  silvery  appearance  closely  resembling  potas- 
siimi.  It  is  oxidized  rapidly  when  exposed  to  the  air,  and  so  must  be 
preserved  under  petroleum.  Sodium  as  a  metal  has  only  a  very  limited 
application,  although  formerly  it  was  used  to  quite  an  extent  in  the  prep- 
aration of  metallic  aluminium. 

Sodium  Peroxide.  Tim  compound  is  prepared  by  heating  sodium  to 
300°  C.  in  aluminium  pans  in  a  current  of  dry  air.  It  is  a  very  energetic 
oxidiziDg  agent  at  elevated  temperatures,  and,  when  dissolved  in  water, 
gives  off  atomic  oxygen,  thus  rendering  it  of  value  as  a  bleaching  agent. 

Caustic  Soda.  This  product  is  made  by  causticizing  sodium  cai^ 
bonate  with  lime.  The  purified  tank  hquor,  which  must  be  kept  at  a 
specific  gravity  of  1.1,  is  treated  with  lime  at  a  boiling  temperature.  Water 
or  dilute  liquor  must  be  added  to  avoid  reverse  action.  In  the  Thomas 
process  the  reaction  may  be  carried  out  in  a  concentrated  liquor  under 
pressure  and  at  a  temperature  between  140°  to  145°  C.  The  calcitun  car- 
bonate is  allowed  to  settle,  and  the  supernatant  Uquor  filtered  through 
Band  and  carbon.  The  solution  of  caustic  soda  is  evaporated  in  cast-iron 
kettles  until  all  of  the  water  is  driven  off  and  the  alkali  remains  as  a  fused 
mass.  The  lower  compounds  of  sulphur,  such  as  thiosulphate,  may  be 
oxidized  by  the  addition  of  a  small  quantity  of  sodiutn  nitrate.  For  trans- 
portation, the  fused  caustic  is  run  into  sheet-iron  drums,  which  are  closed 
as  soon  as  cold  to  prevent  absorption  of  water  and  carbon  dioxide. 

Caustic  soda  may  be  purified  by  solution  in  pure  alcohol,  which  dissolves 
the  hydroxide,  but  not  the  carbonate.  A  still  purer  form  results  from  the 
action  of  metallic  sodium  on  distilled  water. 

There  are  a  number  of  electrolytic  processes  for  the  manufacture  of 
caustic  soda,  discussed  in  Chapter  VIII. 
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Sodium  hydroxide  is  used  in  lai^  quantities  in  the  manufacture  ot 
soap,  in  the  manufacture  of  paper  pulp,  for  mercerization  of  cotton,  in 
the  manufacture  of  dyestufte,  in  the  purification  of  mineral  oils,  and  for 
various  other  purposes.  | 

Sodiiun  Carbonate.  Before  1791,  sodium  caibonate  was  found  in 
natural  deposits  and  the  ashes  of  marine  plants.  At  the  time  of  the 
French  Revolution,  Leblanc  brought  forward  his  method  for  the  commer- 
cial production  of  soda  fr  m  salt.  The  process,  introduced  in  1791,  held 
sway  without  competition  until  1863,  when  the  Solvay  process  (ammonia- 
Boda)  made  its  appearance.  This  would  probably  have  entirely  replaced 
the  Leblanc  process  were  it  not  for  the  valuable  by-product,  hydrochloric 
acid,  formed  during  the  operation  of  the  latter.  At  present  the  Leblanc 
process  furnishes  a  httle  less  than  half  of  the  sodium  carbonate  con- 
sumed. 

Leblanc  Process.  The  action  of  sulphuric  acid  on  common  salt  gives 
sodium  sulphate.  The  sodium  sulphate  is  then  transformed  into  car- 
bonate by  the  action  of  carbon  and  calcium  carbonate,  the  reactions  in- 
volved being  represented  by  tiie  following  equation: 

2NaCH-H2S04  =  Na2S04+2HCl, 

Na3S04+2C  =  Na2S+2C02, 

Na2S+ CaCOs = Na2C03 + CaS. 

Preparaiion  of  Sodium  Sidpkaie  or  Sail  Cake.  The  reaction  takes 
place  in  two  stages,  viz. : 

NaCl+HaSOi  =  NaHS04+Ha, 
NaQ+NaHSO* = NaaSO* + HO. 

The  furnace  used  for  this  purpose  is  described  elsewhere.  The  fir^t 
reaction  takes  place  at  a  comparatively  low  temperature  and  at  the  back 
<rf  the  furnace.  When  it  slackens,  the  charge  is  raked  forward  and  is 
exposed  to  a  h^her  heat,  whereupon  the  second  reaction  takes  place.  The 
sulphuric  acid  should  be  between  57°  and  60°  B^.  Below  56°  B^.  it  would 
attack  the  cast-iron  pan  of  the  furnace,  and  above  60°  B€.  it  forms  lumps 
of  salt  with  an  anhydrous  coatii^  of  sodium  sulphate.  This  coating  pre- 
vents the  penetration  of  the  acid,  thus  malgng  the  action  irregular  and 
incomplete. 

Cotwersion  of  Salt  Cake  into  CarboiuUe.  The  salt  cake  should  con- 
tain no  sodium  chloride  and  but  httle  free  sulphuric  acid.  It  should 
be  porous  and  friable,  for  which  purpose  it  is  exposed  to  the  action  of  the 
air  for  two  or  three  days.  It  is  now  mixed  with  limestone  and  powdered 
coal,  the  proportions  indicated  by  Leblanc  being: 
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Sodium  sulphate 100  parts 

Calcium  carbonate 100  partR 

CarboD 50  parte 

Common  practice  is  to  use  an  excess  of  limestone  and  coal.  At  the 
end  of  the  operation,  when  the  temperature  haa  reached  about  1000°  C., 
the  calcium  carbonate  in  excess  is  decomposed  with  the  formation  of  lime 
and  carbon  dioxide.  The  latter,  coming  in  coutAct  with  the  carbon,  ia 
converted  into  carbon  monoxide.  The  blue  flame  which  appears  indicates 
that  the  reaction  is  complete.  The  passa^  of  the  carbon  monoxide 
through  the  mass  renders  it  porous.  The  limestone  should  be  very  pure, 
as  silica  and  aluminium  would  cause  the  formation  of  silicates  and  alumin- 
ates.  The  coal  should  contain  little  or  no  nitn^en,  because  this  givea  rise 
to  cyanides,  which  react  upon  iron  to  form  ferrocyanides  and,  in  small 
quantities,  cyanates. 

Blade  Ask.  In  the  manufacture  of  black  ash,  the  mixture  of  sulphate, 
carbon,  and  limestone  is  introduced  into  the  back  of  a  black  ash  or  balling 
furnace,  which  ia  a  long  reverberatory  fiu-nace.  The  mixture  is  heated 
at  a  rather  low  temperature  at  first;  then,  after  some  time,  the  chai^  is 
raked  forward  nearer  the  grate  where  the  temperature  is  much  higher, 
reaching  1000°  C  The  mass  is  stirred  until  it  stiffens  and  the  blue  flame 
appears,  indicating  the  end  of  the  reaction.  It  is  now  worked  together 
into  a  ball  and  raked  into  wagons,  where  it  rapidly  solidifies.  On  exposure 
to  the  air  for  two  or  three  days,  the  small  quantity  of  lime  present  slakes, 
rendering  the  mass  friable  and  easier  to  lixiviate.  The  hand-worked 
furnace  is  being  replaced  by  the  revolving  furnace,  as  shown  in  Fig.  27. 

Good  black  ash  is  of  a  very  dark  brown  or  gray  color  with  porous 
fracture.  It  contains  about  45  per  cent  of  sodium  carbonate,  30  per  cent 
of  calcium  sulphide,  10  per  cent  of  calcium  oxide,  6  per  cent  of  calcium 
carbonate,  and  small  amounts  oS  sodium  silicate,  sodium  aluminate, 
sodium  sulphide,  sodium  chloride,  ferric  oxide,  and  coal,  while  very  slight 
amounts  of  cyanide,  ferrocyanide,  and  thiosulphate  are  usually  present. 

lAxiviatiUm  q/'  Black  Ash.  When  properly  made,  black  ash  is  easily 
extracted  by  Shank's  process.  The  material  is  placed  in  tanks  having 
fake  bottoms  and  is  systematically  treated  with  water.  The  fresh  water 
comes  in  contact  with  the  nearly  exhaused  ash,  and,  as  it  becomes  more 
concentrated  meets  the  fresh  ash.  The  lixiviation  should  be  done  at 
the  lowest  possible  temperature,  and  the  ash  kept  covered  with  water 
to  avoid  contact  with  the  air.  Where  these  precautions  are  not  observed, 
secondary  reactions  take  place,  which  reduce  the  yield  of  sodium  car- 
bonate. 

Purification  and  Evaporation  of  Tank  lAquors.  The  principal  impuri- 
ties of  tank  liquor  are  caustic  soda,  soditun  sulphide,  sodium  thiosulphate, 
sodium  ferrocyanide,  sodium  ferro-eulphide,  and  traces  of  other  com- 
pounds.    The  Uquor  is  allowed  to  clarify  by  sedimentation  and  is  then 
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passed  through  carbonatit^  towers,  where  it  trickles  over  poroua  Bub- 
stances  and  comes  in  contact  with  a  current  of  carbon  dioxide  and  air. 
The  caustic  soda  and  sodium  sulphide  are  here  converted  into  carbonate, 
the  ferro-fiulphide  is  decomposed,  and  any  iron,  silica,  aod  aluminiimi 
present  are  precipitated. 

Paulie's  Process.  In  this  process  Mn02,  as  Weldon  mud,  is  added  to 
the  liquor,  and  superheated  steam  and  air  passed  through  it.  Sodium 
sulphide  is  oxidized  to  sulphate,  and  any  iron,  silica,  and  aluminium  are 
precipitated. 

In  either  case  the  purified  liquor  is  evaporated  in  cast-iron  pans.  As 
it  becomes  concentrated,  a  crystalline  powder  separates,  NazCOs-HzO, 
which  by  calcination  at  a  red  heat  is  converted  to  NaaCOj.  The  mother 
liquor  (red  liquor)  is  further  purified  or  used  for  the  production  of  caustic 
soda.  This  red  liquor  usually  contains  a  large  amount  of  caustic  soda  and 
sodium  sulphide. 

Instead  of  calcining  the  NaaCOs-HsO,  it  may  be  converted  into  soda 
crystab  (sal  soda)  by  dissolving  in  hot  water  and  allowing  it  to  crystallize 
slowly.  In  this  way  large,  nearly  pure  crystals  of  M^CX)3-10H3O  are 
formed. 

Anunonia  Soda  or  Solvay  Process.  This  process  was  introduced  by 
Solvay  in  1S63,  and  has  been  worked  successfully  since  about  1873.  It 
consists  in  reaction  upon  eodium  chloride  in  a  cold  solution  with  hydrogen 
ammoDium  carbonate: 

NaCl+NH^HCOs-NaHCOa+NHiCl. 

In  conducting  this  process  on  a  conmiercial  scale,  a  concentrated  brine 
solution  is  made  by  runnii^  cold  water  through  a  batteiy  of  tanks  con- 
taining solid  salt.  The  stroi^  solution  of  brine  is  run  into  saturation  tanlra 
where  it  comes  into  contact  with  animonia  gas.  When  the  brine  is  thor- 
oughly saturated  with  the  gas,  it  is  run  into  the  carbonating  tower.  The 
tower  is  a  cast-iron  cylinder  40  to  60  feet  high  and  5  to  6  feet  in  diameter. 
At  intervals  of  3  to  3i  feet  there  are  fixed  plates  with  a  central  opening. 
Over  these  plates  are  placed  dome-shaped  diaphragms  perforated  with 
numerous  small  holes.  The  ammoniacal  brine  is  forced  under  pressure 
into  the  carbonating  tower  through  a  pipe  entering  near  the  middle  of  the 
tower.  The  carbon  dioxide,  at  a  pressure  to  25  to  30  pounds,  is  forced  into 
the  lower  end  of  the  tower  and  allowed  to  bubble  through  the  many  per- 
forated diaphragms;  its  expansion  as  it  enters  the  tower  produces  a  cooling 
effect  which  prevents  any  great  rise  in  temperature. 

NaCl+NHa-HHaO -l-COa  -  NH«a-HNaHC08. 

The  bicarbonate  of  soda,  being  insoluble  in  the  ammonium  chloride  sdution, 
is  precipitated,  drawn  off,  filtered,  washed  with  cold  wat«r,  and  calcined 
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in  cast-iron  pans,  which  decomposes  it  into  sodium  carbonate,  carbon 
dioxide,  and  water.  The  carbon  dioxide  liberated  from  the  bicarbonate 
is  pumped  into  the  carbonating  tower,  and  any  ammonia  given  off  is  con- 
densed and  returned  to  the  ammonia  stills.  The  gases  issuing  from  the 
carbonating  tower  are  also  condensed  to  recover  any  ammonia  they 
contain.  The  temperature  of  the  solution  in  the  carbonating  tower  should 
be  carefully  controlled,  30*  to  36'  C.  being  the  tempwature  most  favorable 
for  the  action. 

The  soda  ash  produced  by  the  calcination  of  Solvsy  process  bicarbonate 
of  aoda  is  white  and  usually  very  pure,  containing  only  traces  of  salt  and 
sodium  bicarbonate.  By  treating  the  ammoniiun  chloride  formed  in 
the  first  reaction  with  lime,  the  ammonia  is  regenerated.  The  carbon 
dioxide  is  derived  in  part  from  the  calcination  of  the  sodium  bicarbonate, 
and  partly  from  limestone,  which  furnishes  also  the  lime  for  the  regenenU 
tion  of  the  ammonia  from  the  ammonium  chloride.  The  process  is  more 
economical  than  the  Leblanc,  the  product- is  purer,  and  there  are  no 
troublesome  by-products  like  tank  waste. 

A  by-product  in  the  production  of  Solvay  soda  is  calcium  chloride 
solution,  which  finds  extensive  application  as  a  dust  preventive,  as  a 
brine  in  the  manufacture  of  artificial  ice,  and  as  an  anti-freezing  solution 
in  automobile  and  air-plane  radiators. 

CiyoUte  Process.    The  reactions  involved'in  this  process  are  as  follows : 

3NaF-AlF3+3CaC03  =  Na3A103-|-3CaF3+3C02. 

The  sodium  alununate  resulting  from  this  fusion  is  decomposed  in  an 
aqueous  solution  by  carbon  dioxide: 

2Na8A103 -t-SCOa+SNaaCOs -I- A1203. 

The  sodium  carbonate  formed  by  this  process  is  very  pure. 

Sodium  Bicarbonate.  Most  of  the  sodium  bicarbonate  on  the  market 
is  produced  by  the  Solvay  process.  It  is  one  of  the  ingredients  of 
baking  powders,  soda  water,  and  other  products  that  require  a  mild 
alkali. 

Sodium  Chloride.  This  important  substance  is  very  abundant  in 
nature  and  is  discussed  in  Chapter  VI.' 

Sodium  If  ittste.  This  compound  is  found  in  lai^  quantities,  especial]^ 
in  Chili.  The  supply,  however,  is  becoming  exhausted,  and  as  the  material 
is  a  very  important  one  from  an  agricultural  point  of  view,  ways  and 
means  have  been  devised  for  producing  it  artificially  by  electrolytic 
methods. 

Sodium  Nitrite.  This  compound  is  prepared  by  heating  sodium 
nitrate  and   metallic  lead  to  a  temperature  of   450°  to   500°  C.     It   is 
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a  valuable  chemical,  especially  in  the  manufacture  of  dyestufFs  and 
colore. 

Sodium  So^hate.  This  compound  is  found  in  nature,  and  is  also  a 
by-product  in  many  industries.     It  is  discussed  in  Chapta  VI. 

Sodium  Sulphite.  This  compound  is  prepared  by  aaturatu^  a  solu- 
tion of  sodium  hydroxide  or  carbonate  with  sulphur  dioxide  and  then 
adding  the  same  amount  of  sodium  hydroxide  or  carbonate  as  was  orig- 
inally introduced.  It  forms  lar^  crystals  used  in  medicine;  it  is  an 
antichlor;  and  is  the  raw  material  for  making  sodium  thiosulphate. 

Sodium  Bisulphite.  By  saturating  sodium  carbonate  or  sodium  hydrox* 
ide  with  sulphur  dioxide,  we  get  the  bisulpliite,  which  comes  into  the  market 
as  a  powder  or  as  a  concentrated  solution.  It  is  used  in  bleaching,  as 
an  antichlor,  in  paper  manufacture,  in  the  manufacture  of  dystuffs,  and 
in  chrome  tannage. 

Soditim  Thisou^hate.  Boiling  a  solution  of  sodium  sulphite  with  an 
excess  of  sulphur  will  give  the  thiosulphate.  It  is  used  in  photography, 
as  an  antichlor,  and  in  the  tanning  of  leather  by  the  Schultz  process. 

Sodium  Su^hide.  The  sulphide  is  made  by  heating  a  mixture  of 
sodium  sulphate,  salt,  and  coal  to  a  temperature  of  about  900°  C.  It  is 
,  also  a  by-product  in  the  manufacture  of  barium  salts  from  barytes.  It  is 
used  in  dyeing  cotton  with  sulphur  colors,  in  the  manufacture  of  dyestuffis, 
in  unhairing  hides  and  skins,  and  for  denitrating  artificial  silk. 

Strontium.  One  of  the  less  common  elements,  this  is  foimd  in  nature 
principally  as  the  mineral  alrontianite.  It  fonns  a  series  of  compounds 
somewhat  similar  to  those  of  barium. 

Strontium  Nitrate.  This  is  prepared  by  treating  the  carbonate  with 
nitric  acid.  It  is  used  in  the  manufacture  of  fireworks  for  [iroduciug  red 
Ught. 

Sulphur.  This  element  has  been  known  for  centuries,  and  some  of 
the  aldiemists  have  even  described  compounds  of  it  with  the  metals. 
It  is  known  in  the  amorphous,  rhombic,  and  prismatic  conditions.  It 
is  of  a  yellow  color,  insoluble  in  water,  slightly  soluble  in  alcohol,  ether, 
oils,  and  fat,  but  very  soluble  in  cM^n  diaulphide,  and  fairly  so  in  petro- 
leum ether. 

Sulphur  is  found  in  large  quantities  in  Sicily,  which,  up  to  within 
the  past  few  years,  practically  furnished  the  world's  supply.  The  recent 
opening  up  of  the  Louisiana  deposits,  however,  has  driven  Sicily  sulphur 
from  the  American  market,  and  this  Country  is  now  being  supplied  from  the 
Louisiana  fields.  The  Sicily  sulphur  is  a  surface  deposit,  which,  on  being 
mined,  is  placed  in  piles  and  heated.  In  this  way  the  molten  sulphur  runs 
off  from  the  impurities,  and,  when  cool,  is  ready  for  the  market.  The 
Louisiana  deposits  are  too  deep  to  be  mined,  and,  although  these  rich  fields 
were  known  as  far  back  as  1868,  no  means  of  procuring  the  sulphur  were 
devised  until  the  Frasch  method  was  discovered.  In  1902  the  Union 
Sulphur  Company  started  work  under  the  Frasch  process,  mining  about 
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100  tone  per  day.  The  amount,  however,  has  steadily  increased  until 
at  the  present  time  Beveral  theusand  tons  are  put  out  daily. 

The  Frasch  process  consists  in  siaking  a  shaft  or  well  about  12  inches 
in  diameter  until  the  sulphur  is  reached,  just  as  in-boring  for  oil  or  salt. 
The  well  suirounds  an  iron  pipe  containing  three  other  concentric  tubes 
lined  with  aluminiiun,  which  are  driven  into  the  sulphur.  Through  the 
largest  of  the  tubes,  superheated  water  under  a  pressure  of  100  pounds 
ia  forced.  The  heated  water  melts  the  sulphur,  causing  it  to  rise  in  the 
outer  tube.  The  sulphur,  however,  being  heavy,  will  not  flow  to  the 
surface,  so,  to  overcome  this,  hot  air  under  pressure  is  made  to  bubble 
throi^h  the  sulphur,  thus  forming  an  emulsion  that  can  easily  be  pumped 
to  the  surface.  As  the  sulphur  issues  from  the  tube,  it  is  run  into  large 
wooden  boxes,  where  it  settles  away  from  the  water  into  an  immense,  hard 
cake.  The  boxes  are  about  20  feet  wide  by  100  feet  lo^,  the  sides  being 
built  as  the  sulphur  enters.  Some  boxes  are  30  to  40  feet  hi^.  When 
cool  the  planks  are  removed  from  the  sides,  and  the  solid  sulphur  brt^en 
out  by  means  of  a  steam  shovel  and  loaded  directly  into  cars  or  boats. 
The  product  ia  so  pure  that  it  needs  no  further  refining. 

Flowers  of  Su^ur.  Sulphur,  heated  in  a  closed  retort,  distills,  and 
the  volatile  product,  passing  into  a  cool  chamber,  collects  on  its  walls  in 
the  form  of  fine  crystals,  known  as  flowers  of  sulphur. 

Brimstone.  During  the  refining  of  sulphur  for  flowers  of  sulphur, 
much  of  the  distillate  collects  on  the  floor  of  the  condensing  cham- 
ber and  eventually  melts  again.  The  molten  sulphur  is  then  drawn 
'-off  into  molds,  where  it  hardens,  forming  sticks  of  sulphur  known  as 
brimstmie. 

.Flour  of  Sulphur.  A  large  amount  of  sulphur  is  passed  through 
grinding  mills  and  converted  into  a  powder  known  as  fiour  of  sulphur. 

Lac  Sulphur.  By  precipitating  sulphur  from  some  of  its  combinations, 
a  very  l^ht-<K)lored  product  is  obtained,  filtered  off,  dried,  and  put  on 
the  market  as  lac  sulphur. 

Sulphur  is  used  to  some  extent  in  the  manufacture  of  sulphuric  acid, 
for  making  bisulphites,  sulphites,  and  thiosulphates,  and  for  various 
other  puroposes. 

Su^ur  MoiKichloiide.  To  prepare  this  compound,  a  current  of 
chlorine  is  passed  over  melted  sulphur,  heated  to  about  130°  C.  Chloride 
of  sulphur,  mixed  with  sulphur,  distills  over  and  is  purified  by  redistillation. 
It  is  a  somewhat  oily  Uquid  of  a  yellowish-brown  color  and  suffocating  odor, 
and  boils  at  144°  C.  In  water  it  decomposes  with  the  formation  of  hydro- 
chloric acid,  sulphur,  sulphurous  acid,  and  a  small  amount  of  sulphuric 
acid.  Its  chief  use  is  in  the  vulcanization  of  rubber  and  in  the  maoiifacture 
of  rubber  substitutes. 

Stannous  Chloride.  The  hydrated  salt,  Sna2-2HjO,  comes  from 
dissolving  the  metal  in  concentrated  hydrochloric  acid  with  the  aid  of 
moderate  heat.    The  addition  of  a  little  nitric  acid  also  facilitates  the 
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reaction.  The  solution  is  concentrated  by  evaporation,  cooled,  and 
allowed  to  crystallize.  When  dissolved  in  water,  it  undergoes  partial 
decomposition  with  the  formation  of  an  insoluble  oxychloride.  It  is  a 
valuable  mordant,  is  used  as  a  weighting  material  for  silk,  and  in  calico 
printing. 

Stannic  Chloride.  The  hydrated  compound  comes  from  the  mother 
liquor  of  stannous  chloride  by  the  progressive  addition  of  nitric  add;  the  ■ 
resulting  liquid  is  concentrated,  and  the  stannic  chloride  allowed  to  crys- 
tallize. The  pentahydrate,  SnCU-5HiO,  may  be  prepared  t^  passii^ 
chlorine  through  the  mother  liquor  from  stannous  chloride.  Its  principal 
use  is  as  a  mordant.  Most  of  the  esXta  of  tin  are  derived  from  scrap  tin 
by  the  detinning  process. 

Sodium  Stannate.  The  salt  Na2Sn03-3HaO  may  be  obtained  either 
by  fusing  sodium  hydroxide  with  metastannic  acid,  or  by  boiling  tin  scrap 
with  sodium  plumbite.  It  is  known  as  prepariTtg  boU,  and  is  used  as  a 
mordant.  Solutions  of  tin  in  sulphuric  and  oxalic  acid  are  known  in  the 
trade  for  mordanting,  as  tin  spirits. 

Tantalum.  This  is  one  of  the  rare  elements  and  occurs  usually  with 
ctdumbium.  It -has  recently  acquired  importance  from  its  application 
in  the  tantalum  filament  for  the  electric  lamp.  The  lamp  consumes  less 
than  one-half  the  energy  of  a  carbon  filament  lamp  for  the  same  candle 
power. 

Tellurium.  In  the  natural  state  this  element  is  mixed  in  small  quan- 
tities with  gold  and  silver.  It  beloi^  to  the  same  group  as  sulphur  and 
forms  somewhat  similar  compounds.  It  has  at  present  no  commercial 
appUcations. 

TOTbium.  This  is  one  of  the  rare  elements  belonging  to  the  same 
group  as  cerium. 

Thfillium-  Another  of  the  rare  elements,  this  has  no  commercial 
value. 

Thorium.  This  element  is  found  in  the  vumazite  aande;  and  its  nitrate 
in  used  quite  extensively  in  the  manufacture  of  gas-light  mantles. 

Thulium.  This  is  one  of  the  rare  earth  elemente  and  has  no  practical 
application: 

Tin.  This  long  known  metal  occurs  in  nature  in  many  minerals  as  an 
oxide.  It  has  a  silvery  appearance  and  is  not  changed  in  the  air  at  ordinary 
temperatures.  Only  a  limited  quantity  of  tin  was  produced  in  this  coun- 
try prior  to  1914,  but  it  is  now  available  on  a  very  large  scale.  It  is  a 
common  material  for  making  cooking  utensils,  for  lining  condensers,  as  a 
constituent  of  many  alloys,  and  as  tin  foil.  It  forms  both  stannous  and 
stannic  salts. 

Titanium.  This  is  one  of  the  less  common  metals  and  is  found  prin- 
cipally in  the  mineral  tiianite.  As  a  metal,  in  conjunction  with  iron,  it 
makes  a  very  tough  steel.  As  the  compound  potassium  titanium  oxalate, 
it  is  a  fixing  agent  for  basic  colors  in  dyeing  cotton  and  leather. 
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Tangsten.  Ttus  metal  ia  found  in  certain  minerale,  principally  wol- 
framite. The  metal  is  freed  by  the  GoldBchmidt  process  for  reducing 
tungsten  oxide  with  aluminium  powder.  In  the  metallic  state  it  is  used 
with  iron  for  making  high-epeed  steel.  In  the  colloidal  form  it  is  now 
in  great  demand  for  making  the  tungsten  electric  lamp  filament;  and  in 
the  form  of  sodium  tungstate,  as  a  fireproofing  on  wood  and  fabrics.  The 
requirements  for  this  metal  within  the  past  five  years  have  increased  a 
great  deal,  owing  to  its  use  in  automobiles  and  air  planes. 

Uranium.  This  is  one  of  the  rarer  elements  and  is  found  in  the 
mineral  pitch-blende.     Its  oxide  gives   a  yellow  fluorescence  to  window 

Vanadium.  Found  in  the  mineral  vanadtnite,  it  is  used  to  some  extent 
n-ith  iron  in  producing  a  vanadium  ateel.  Certain  of  its  salts  are  common 
in  dyeing  and  printing,  while  its  oxides  are  known  in  the  manufacture  of 
glass  and  pottery. 

Xenon.  This  is  one  of  the  very  rare  elements  occurrii^  in  the  atmos- 
phere to  the  extent  of  about  one  part  in  forty  million. 

Ytterbium.    The  source  of  this  rare  element  is  the  mineral  gadolinUe. 

Yttrium.  This  is  a  rare  element  also  occurring  in  the  nlineral  gadoliniie. 
It  is  used  in  t^e  filament  of  the  Nemst  lamp. 

Snc.  The  form  usually  found  in  nature  is  the  sulphide,  contained  in 
many  minerals.  The  sulphide,  on  roastii^,  is  converted  into  the  oxide, 
and  sulphur  dioxide  escapes.  The  oxide  may  then  be  readily  reduced  to 
the  metal  by  heating  with  farbon  in  a  muffle  furnace.  MetaUic  zinc  has  a 
Krayish  white  appearance.  It  is  used  in  making  zinc-coated  wire  and  iron, 
the  latter  being  known  as  galsanixed  iron.  It  forms  various  alloys,  and  has 
many  other  applications. 

Zinc  Oxide.  This  compound,  of  value  in  the  manufacture  of  paint, 
is  discussed  in  Chapter  XIV. 

.Zinc  Sulfdiate.  White  vitriol,  ZnS04-7H20,  is  made  by  dissolving 
scrap  zinc  in  dilute  sulphuric  acid.  Upon  evaporation,  a  white,  crystal- 
line substance  separates.  It  is  used  to  some  extent  in  calico  printing 
and  in  dyeing,  as  a  drier  for  linseed  oil,  as  a  disinfectant,  and  as  an 
astringent. 

Zirconium.  This  rare  earth  was  used  in  preparii^  the  first  incan- 
descent mantles. 

Matches.  Chemical  matches  were  introduced  in  1807  and  known  as 
"  chemical  tinder."  They  were  made  by  saturating  a  portion  of  the  sphnt 
in  melted  sulphur,  and  the  head  was  a  mixture  of  potassium  chlorate  and 
sugar.  To  light  the  match  it  was  brought  in  contact  with  sulphuric  acid, 
which  caused  a  rapid  decomposition  of  the  chlorate,  and  kindhng  of  the 
sulphur  and  si^ar.  From  this  primitive  yet  scientific  discovery,  the 
modem  friction  and  safety  matches  have  been  evolved. 

DovbU  Dip  Friction  Match.  Perfectly  dry,  white  pine  blocks  are  cut 
into  3|-inch  lengths.     These  blocks  are  then  fed  into  the  cutting  machine 
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(Fig.  120),  BO  that  the  grain  stands  in  a  vertical  poeition  to  the  knife,  which 
is  attached  to  a  plunger  and  cuts  forty  match  splints  at  a  sii^Ie  stroke. 
To  completely  dry  tie  flints,  they 
are  automatically  forced  into  the  open- 
ings of  perforated  iron  plates,  con- 
veyed by  an  endless  chain  over  a  aeries 
of  heaters.  Adjoining  the  heater  a 
spring  arrangement  forces  out  any  thin, 
or  poor  BpliDts.  The  plates,  now  carry- 
ing only  perfect  match  sticks,  pass 
over  a  trough  of  parafhn  in  such  a 
manner  that  one-quarter  of  the  stick 
becomes  impregnated.  Theiy  next  pass 
over  the  composition  rollers,  where  a 
email  amount  of  the  composition  is 
deposited  on  the  end  of  each  splint. 
The  comp(Bition  of  the  first  dip  con- 
sists of  potassium  chlorate,  glue,  flint, 
and  filler  (such  as  clay  for  body). 
In  order  that  the  first  dip  may  have 
time  to  dry,  the  plates  are  made  to 
travel  up  and  down  through  a  aeries  of 
wheels,  and  are  then  given  s  second 
dip  on  a  machine  similar  to  the  first. 
The  composition  of  the  second  dip  con- 
sists largely  of  phosphorus,  chlorate  of 
potash,  glue,  and  filler.  The  finisbed 
match  is  now  carried  back  to  where 
it  was  cut,  is  punched  out  into  troughs, 
and  carried  to  the  packers,  l^e  plate 
is  refilled  and  the  journey  repeated. 
The  advantage  of  the  double  dip  match 
over  the  other  forms  is  that  the  danger 
of  a  fiying-off  head  is  eliminated.  The 
tip  or  second  dip  ignites  on  friction, 
the  heat  produced  being  sufficient  to 
ignite  the  first  dip,  both  of  which  bum 
quietJy. 

The  machine  used  for  double  dip 
matches  is  06  feet  long,  contains  1600 
plates,  takes  one  hour  for  the  complete 
operation,  and  makes  8,000,000  matches 
in  ten  hours. 

Single  Dip  Maitiiea.  The  manufac- 
ture of  matches  by  this  process  is  the 


ELEMENTS  AND"  COMPOUNDS  257 

same  as  by  the. foregoii^,  except  that  the  smgle  dip  makes  it  simpler. 
The  compositioD  of  these  matches  consists  of  glue,  potassium  chlorate, 
phoephorus,  flint,  and  filler. 

Safety  Matdtet.  These  are  made  in  a  manner  similar  to  friction 
matches,  except  that  the  phosphorus  is  not  present  on  the  head  of  the 
match.  In  order  to  ignite  the  match,  it  must  be  rubbed  over  a  surface 
coated  with  phosphorus,  which  thus  acts  in  a  maoDer  similar  to  the  second 
dip  on  a  friction  match. 
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CHAPTER  VIII 

CHLORINE  AND  ALLIED  PRODUCTS 

W.  F.  DOERFUNGER 

Consulting  Chemiel,  New  York  City 

Raw  Materials.  The  primary  raw  materiala  of  the  cMoriae  industries 
are  the  alkali  chlorides,  common  salt  (chloride  of  sodium)  and  potassium 
chloride.  Common  salt  of  high  purity  is  everywhere  available  at  moderate 
cost,  the  most  objectionable  impurity  being  calcium  sulphate.  The  coat 
of  salt  is  about  S4  per  ton  f.o.b.  works,  but  at  the  salt  mines  or  brine  wells 
it  is  much  less.  Potassium  chloride  occurs  in  commercial  quantities  only  at 
the  Straeefurt  deposits  in  Germany.  It  is  not  usually  as  pure  as  common 
salt  and  contains  considerable  amounts  of  sodium  and  magneraum  salts. 
Much  potassium  chloride  is  treated  electrolytically  in  Germany  for  the 
production  of  caustic  potash,  the  chlorine  being  delivered  from  the  cells 
practically  free  of  charge  to  the  manufEtcturer,  since  the  value  of  the  caustic 
potash  is  sufficient  to  cover  all  the  manufacturing  costs  and  still  leave  a 
profit.  This  cheap  chlorine  is  largely  responsible  for  the  rapid  rise  in  the 
manufacture  of  bleaching  powder  and  chlorine  product*  in  Germany. 

A  secondary  raw  material  is  hydrochloric  acid,  resutling  from  the 
action  of  sulphuric  acid  upon  common  salt.  It  was  formeriy  almost  a 
^aste  product  of  the  Leblanc  process  for  manufacturing  sodium  carbon- 
ate, and  is  still  available  in  England  in  enormous  quantities  at  a  very  low 
price. 

Sodium  chloride  is  a  very  stable  compound.  Its  heat  of  formation  in 
the  solid  state  is  97.7  cals.  (kilc^am  calories)  per  gram  equivalent  (58.5 
grams): 

NaCI+97.7  Cal8.  =  Na+Cl. 

In  liberating  the  chlorine  this  energy  must  be  supphed  in  the  form  of 
heat  by  electricity  or  by  the  chemical  energy  accompanying  the  for- 
mation of  other  compounds  of  sodium.  In  hydrochloric  acid  (heat  of 
formation  as  gas+22  cals.  in  aqueous  8olutions+38.0  cals.)  the  chlorine 
is  not  so  powerfully  bound  and  less  energy  or  power  is  necessary  for  its 
liberation. 

The  manufacture  of  caustic  soda  and  chlorine  directly  from  common 
salt  has  been  accomplished  only  electrolytically.  Theoretically  the  sim- 
plest process  is  the  electrolysis  of  fused  salt  and  conversion  of  the  sodium 
to  sodium  hydroxide  by  reaction  with  wat«r. 
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One  gram  equivalent  of  solid  sodium  chloride  requires  for  decomposition 
into  sodium  and  chlorine  97.7  cals.  This  is  equivalent  in  electrical  energy 
to  407,084  joules  (joule8  =  ampere8X8econdsXvoIt8)  1  joule  '■: .00024  cal., 
therefore  97.7  cal8.=97.7  +  .00024  or  407,084  joule).  We  know  from 
Faraday's  law  that  for  the  electrolysis  of  1  gram  equivalent  of  any  sub- 
stance there  are  necessary  96,540  coulombs  (coulomb  =  ampereXsecoada). 

407084 
The  electrical  pressure  must  therefore  be  at  least  ■Qj.g.j.  =4.21  volts  in 

any  system  in  which  fused  salt  is  the  electrolyte  and  sodium  and  chlorine 
the  primary  products.  This  is  the  theoretical  minimum.  If  electrical 
energy  is  consumed  in  overcoming  the  resistance  of  the  bath,  dissipated  in 
the  form  of  heat,  or  used  up  in  the  formation  of  by-products,  more  enei^ 
will  be  required,  as  is  indeed  always  the  case  in  actual  practice.  The 
theoretical  minimum,  however,  serves  as  a  measure.  If,  for  instance,  in 
the  electrolysis  of  fused  salt  7.00  volts  are  required,  the  volt  or  pressure 
efficiency  is  60  per  cent.  While  a  high  energy  efficiency  is  desirable  it  is  by 
no  means  all  important.  Power  is  only  one  item  of  expense  and  is  often 
overbalanced  by  the  cost  of  labor,  maintenance,  and  materials. 

Sodium  chloride  melts  at  772°  C.  (dull  red  heat)  and  at  this  tempera- 
ture is  a  good  conductor  of  electricity.  On  passing  an  electric  current' 
of  sufBcient  voltage  through  fused  salt  gaseous  chlorine  is  liberated  at  the 
anode  and  Uquid  metallic  sodium  at  the  cathode.  The  sodium,  being 
lighter  than  salt,  floats  up  through  the  bath,  and  unless  immediately 
removed  recombines  with  the  chlorine  or  oxidizes  in  the  air.  Fused  salt 
acts  strongly  upon  most  materials,  and  the  construction  of  a  suitable  con- 
tainer is  a  serious  problem.  The  hot  chlorine  also  acts  upon  metals  and 
many  anode  materials.  These  various  difficulties  have  been  overcome  in 
the  Acker  process,  as  follows: 

Acker  Process.  In  the  Acker  process,  Fig.  121,  sohd  salt  is  fused  by 
passing  through  it  a  current  of  very  high  denaty.  Chlorine  is  liberated  at 
the  anodes  of  Acheson  graphite  and  is  drawn  off  by  a  slight  suction  into  brick 
conduits.  Sodium  is  liberated  at  the  cathode,  a  shallow  body  of  molten  lead, 
with  which  it  immediately  alloys.  This  alloy  is  fluid  as  long  as  the  percent- 
age of  sodium  is  very  low.  The  body  of  molten  lead  is  kept  in  continuous 
motion  in  one  direction  and  passes  through  a  short  connecting  channel  under 
the  hearth  to  a  second  compartment  called  the  well.  It  is  here  elevated  by 
means  of  a  sort  of  steam  Injector,  which  consists  of  a  vertical  cast-iron  pipe 
dipping  into  the  well  and  pointed  upward.  The  well  has  a  curved  cast-iron 
cover.  On  admitting  steam,  the  lead  sodium  alloy  is  projected  upward 
•gainst  the  face  of  the  cover  and  decompo^d  into  metallic  lead,  caustic 
soda,  and  hydrogen.  The  products  are  deflected  downward  into  a  third 
small  compartment,  the  caustic  chamber.  Here  the  lead  sinks  by  gravity 
and  flows  back  into  the  cell  to  take  up  more  sodium  and  go  the  round 
anew.  The  caustic  soda,  being  lighter,  collects  in  an  anhydrous  condition 
at  the  top  of  the  caustic  chamber  and  overflows  from  a  spout  into  a  col- 
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lecting  vessel.  Any  excess  of  steam  with  the  hydrogen,  which  burns  quietly, 
escapes  at  the  same  point.  The  action  is  entirely  continuous.  The  rate  of 
flow  of  the  cathode  lead  is  controlled  by  the  rate  of  steam  supply,  which  is 
usu^Iy  a  little  great«r  than  that  theoretically  necessary  to  convert  the 
metallic  sodium  into  hydrate.  The  bath  of  electrolyte  is  kept  up  to  volume 
by  periodically  shoveling  in  solid  salt.  The  cell  or  furnace  is  made  of  cast- 
iron,  that  portion  which  contains  the  salt  being  lined  with  two  rows  of 
magnesia  or  ordinary  firebricks  laid  in  without  bond.  The  molten  salt 
penetrates  between  the  cracks  and  freezes  in  the  outer  layer,  malung  the 
lining  impervious.  Each  cell  is  about  3X6  ft.,  and  carries  four  anodes 
having  an  effective  surface  of  about  3  sq.  ft.  in  all.  The  under  surface 
of  the  anodes  are  grooved  to  prevent  the  chlorine  accumulating  upon  them, 
which  would  rwse  the  resistance.  The  current  is  very  high,  S300-$500 
amperes,  a  current  density  of  2800  amperes  per  square  foot  at  the  anodes. 


Fig.  121. 

The  voltage  is  about  6.5  volts  under  normal  operatmg  conditions.  The  out- 
put of  each  cell  b  about  550  lbs.  anhydrous  sodium  hydroxide  and  495  lbs. 
chlorine  per  24  hours.  The  caustic  is  very  pure.  It  contains  1  per  cent 
total  impurities  (a  little  salt  which  gets  in  mechanically  and  a  little  carbonic 
acid  taken  up  from  the  air).  It  is  collected  in  large  pots  holding  from  10 
to  13  tons,  where  it  is  kept  molten  to  allow  impurities  to  settle  out  and  is 
treated  with  a  little  sodium  hyposulphite  to  destroy  traces  of  sodium 
manganate,  etc.,  which  pves  it  a  green  color  as  it  runs  from  the  cells.  While 
still  hquid,  it  is  bailed  into  the  cast-iron  drums  in  which  it  is  sold. 

The  good  features  of  the  process  are  the  high  output  per  cell,  many 
times  larger  than  that  possible  with  any  wet  process  cell  of  similar  size; 
the  saving  of  the  expense  of  boilii^  down  weak  caustic  liquor,  of  dissolving 
salt,  etc.  The  drawbacks  are  the  somewhat  high  voltage  necessary  and 
the  dilution  of  the  chlorine,  which  is  drawn  off  mixed  with  about  20  or  30 
times  its  volume  of  air.  This  weak  chlorine  is  well  adapted  for  certain 
purposes  but  not  all.  Its  use  in  manufacturing  bleaching  powder  requires 
mechanical  absorbers. 
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The  anodes  withstand  the  chemical  action  of  the  chlorine  ronarkably 
well,  but  are  Bomewhat  liable  to  mechanical  injury  from  careless  handling. 
The  furnace  castings  have  a  life  of  seven  or  eight  months  under  favorable 
coDditionB,  but  Eire  in  danger  of  being  cracked  at  the  time  of  steirting  or 
shutting  down,  unless  this  is  done  very  gradually. 

The  electrolysis  of  fused  salt  proceeds  beet  at  temperatures  not  greatly 
exceeding  its  melting-point.  At  higher  temperaturee  a  mist,  supposed  to 
consist  of  subchloride;  Na2CI,  diffuses  upward  from  the  cathode,  reducing 
the  current  efficiency  very  greatly. 

Ashcroft  CeU.  Ashcroft  hae  also  devised  a  cell  for  the  electrolysis 
of  fused  common  salt.  His  cathode  of  fused  lead  is  circulated  by  the 
action  of  a  powerful  electromagnet.  The  lesd-sodium  alloy  is  withdrawn 
and  is  made  the  anode  in  a  second  cell.  After  plating  out  its  sodium 
content  as  metal  in  a  bath  of  caustic  soda,  the  lead  is  returned  to  the 
primary  cell. 

Chlorine  is  also  produced  by  the  electrolysis  of  fused  zinc  chloride  which 
melts  at  a  low  temperature.  <parbon  anodes  and  a  cathode  of  fused  zinc 
are  generally  iised.  The  process  has  been  in  successful  operation  in  Eng- 
land for  a  number  of  years  and  forms  an  important  feature  of  the  Swin- 
boume  and  Ashcroft  process  for  treating  complex  ores.  It  is  necessary 
to  keep  the  zinc  chloride  entirely  free  from  oxide.  In  this  point  lies  the 
chief  difficulty  of  the  process. 

Electrolysis  of  Aqueous  Salt  Solutioo.  The  reactions  occurring  in  the 
electrolysis  of  an  aqueous  solution  of  salt  are  very  complicated.  On  pass- 
ing a  current  between  insoluble  electrodes  the  primary  action  is  of  course 
the  liberation  of  chlorine  at  the  anode  and  sodium  at  the  cathode.  The 
chlorine  escapes  from  the  system  chiefly  as  a  gas,  but  a  small  portion  dis- 
solves in  the  electrolyte  and  begins  to  diffuse  toward  the  cathode.  The 
sodium  liberated  at  the  cathode  Immediately  combines  with  water,  form- 
ing caustic  soda  and  liberating  hydrogen  aa  a  gas. 

Na+H20  =  NaOH+H. 
The  caustic  soda  tiien  begins  to  diffuse  toward  the  anode,  and  as  soon 
as  chlorine  from  the  anode  and  sodium  hydroxide  from  the  cathode  meet 
hypochlorites  are  formed. 

2NaOH-|-2CI  =  NaOCH-  NaCl-|-H20. 
The  action  is  further  complicated  by  the  caustic  soda  and  sodium  hypo- 
chlorite both  beginning  to  carry  current,  and  electrolyzing: 

2NaOH  =  2Na+20H. 
The  hydroxyl  ions  discharge  at  the  anode  forming  water  and  oxygen, 
which  escape  with  the  chlorine  or  act  upon  the  anode  material  and  dis- 
solved products  about  the  anode.  The  hypochlorite  is  likewise  decom- 
posed, and  the  formation  of  chlorate  in  the  electrolyte  begins.  This 
^ain  carries  current.  Should  no  means  be  provided  to  keep  the  anode  and 


;,V.OOglC 


262  INDU8TRUL  CHEMISTRY 

cathode  products  separate,  the  current  efficiency,  which  wm  at  the  begin- 
ning 100  per  cent,  drops  to  a  very  low  figure.  In  the  direct  formation  of 
hypochlorites  and  chlorates  by  electrolysis,  the  combination  of  the  anode 
and  cathode  products  are  essential,  but  in  the  production  of  sodium 
hydroxide  and  Chlorine,  this  must  be,  as  far  as  possible,  prevented.  This 
has  been  achieved  by  a  variety  of  means,  giving  rise  to  a  number  of  suc- 
cessful but  very  different  processes.  The  necessity  of  obtaining  caustic 
soda  of  as  high  a  concentration  as  possible  has  also  had  its  influence  on 
the  types  of  apparatus  devised.    The  reaction: 

NaCl+H30=NaOH+H-t-Cl, 
represents  an  expenditure  of  energy  equal  to  53  caU.    By  simple  calcu- 
lation the  critical  or  theoretical  minimum  voltage  is  found  to  be  2.29 
volts,  much  lower,  therefore,  than  the  critical  voltf^e  for  fused  salt. 

According  to  the  means  adopted  to  prevent  or  minimize  the  inter- 
action between  the  primary  anode  and  the  cathode  products,  the  processes 
may  be  divided  into  three  classes: 

A — Mercury  cathode; 

B — Diaphragm; 

C— Bell  type. 

Castner-Eellner  Process.  This  may  be  considered  as  the  type  of 
mercury  cathode  processes,  of  which  it  is  the  oldest  and  most  generally 
successful  example. 

The  Castner  cell.  Fig.  122,  consists  of  a  slate  box  4  ft.  long,  6  ins.  deep, 
and  4  ft.  wide,  divided  into  three  compartments  by  partiUons  extending  to 


Fia.  122. 


within  i^  of  an  inch  of  the  bottom.  These  oompartmeDts  are  kept  separate 
by  a  layer  of  mercury  covering  the  entire  bottom  of  the  apparatus.  The 
outer  compartmeate  are  filled  with  strong  salt  solution  and  the  center  com- 
partment with  pure  water.  In  each  outer  compartment  there  are  several 
T-shaped  anodes  of  Acheson  graphite  with  the  lower  surface  within 
1  in.  of  the  mercury.  In  the  center  compartment  is  an  iron  grid  which 
serves  as  the  cathode.  The  cell  is  pivoted  at  one  end  and  rests  on  an  eccen- 
tric at  the  other,  which  raises  and  lowers  J  in.  once  a  minute,  imparting  a 
rocking  motion  and  causing  the  mercury  to  flow  backward  and  forward 
between  the  compartments.     On  passing  the  current  the  salt  in  the  outer 
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compartmenta  ib  decomposed,  liberating  cUorine  at  the  anodes,  which  is 
drawn  off  by  slight  suction.  Sodium  is  liberated  at  the  intermediate 
cathode  of  mercury  and  alloys  Trith  it.  The  sodium  mercury  alloy  flows 
into  the  center  compartment,  where  it  plates  out  sodium  at  the  iron  cathode. 
The  sodium  instantly  combines  with  the  water,  forming  caustic  soda  and 
hydrogen.  The  caustic  soda  dissolves  while  the  hydrogen  is  allowed  to 
eec^w  into  the  room.  Part  of  the  current  must  be  shunted  o5  before  pass- 
ing to  the  final  iron  cathode.  Only  90  per  cent  of  the  charging  current  is 
allowed  to  pass  through  the  discharging  cell,  otherwise  mercury  would 
pass  into  solution  in  the  cathode  compartment,  forming  HgO,  destroying 
the  continuity  and  clean  metallic  liquid  character  of  the  mercury,  and 
causing  a  heavy  loss  of  this  expensive  material. 

The  salt  solution  Sows  through  the  anode  compartment  continuously, 
being  broi^ht  back  to  its  original  high  concentration  by  the  addition  of  salt 
outside  the  cell,  and  then  returned  for  re-use.  As  the  sulphates  in  the 
brine  accumulate,  they  are  from  time  to  time  removed  by  pr^pitation 
with  barium  chloride.  The  water  in  the  center  compartment  is  left 
until  the  caustic  soda  ha^  raised  its  gravity  to  1.3.  The  caustic  soda  solu- 
tion is  then  run  off  and  replaced  by  fresh  water.  The  lye  is  boiled  down  in 
cast-iron  pots  until  anhydrous,  and  is  packed  molten  into  iron  drums. 
It  is  very  pure,  often  99  per  cent  actual  sodium  hydroxide. 

The  cells  are  inexpensive  to  construct  and  last  indefinitrfy,  Ukewise  the 
iron  cathodes.  The  anodes  last  a  year  or  more.  The  current  at  the  anode 
is  about  630  amperes  per  cell,  of  which  10  per  cent  is  shunted  off  before 
dischai^ng  in  the  cathode  compartment.  The  voltage  is  about  4.3.  The 
current  efficiency  is  nearly  90  per  cent,  energy  efficiency  47  per  cent.  The 
current  density  at  the  anode  is  about  150  amperes  per  square  foot,  and 
at  the  mercury,  110  amperes  per  square  foot.  The  current  which  can  be 
used  is  limited  by  the  necessity  of  keeping  the  temperature  of  the  cell 
below  40°  C,  at  which  point  chlorate  begins  to  form.  Ekch  cell  decom- 
p>Mes  per  twenty-four  hours,  65  lbs.  sodium  chloride,  forming  44  lbs.  sodium 
hydroxide,  and  liberating  39.4  lbs.  chlorine.  The  output  per  H.P.  per 
twenty-four  hours  is  12.0  lbs.  sodium  hydroxide  and   10.8    lbs.  chlorine. 

The  two  factors  which  have  most  lai^ly  contributed  to  the  success  of 
this  type  of  cell  are: 

(1)  The  rocking  mercury  cathode. 

(2)  The  cathode  shunt. 

Each  Castner  cell  requires  about  150  lbs.  of  mercury,  which  it  is  essen- 
tial to  keep  bright  and  clean,  and  of  which  there  must  be  no  loss.  The 
mercury  is  not  dissolved  by  the  brine  as  long  as  it  is  electrically  negative 
and  does  not  oxidize  in  the  center  compartment  unless  denuded  of  sodium; 
hence  the  necessity  of  a  higher  charging  than  discharging  current. 

Whiting  Cell.  A  cell  of  a  somewhat  similar  kind  is  that  of  Whitmg, 
in  operation  at  Rumford  Falls,  Me.  Here  the  mercury  is  circulated  by 
means  of  a  pump,  and  the  decomposing  compartment  is  not  in  electric^ 
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contact,  i.e.,  mercury-sodium  is  formed  and  ia  removed  from  the  system 
mechanicaliy,  decomposed  outside  the  circuit,  and  the  denuded  mercury 
returned.  The  voltage  is  somewhat  higher  than  that  of  the  Caatner  cell. 
The  current  efficiency  is  high. 

The  older  mercuiy  cells  operate  at  comparatively  low  current  densities 
on  the  mercury  cathode,  because  it  is  necessary  to  have  the  amalgam 
content  of  the  mercury  low  to  keep  it  fluid.  The  amalgam,  being  spe- 
cifically lighter  than  the  mercury,  tends  to  collect  at  the  surface  in  the 
anode  compartment  where  it  ia  formed,  and  the  more  fluid  mercury  passes 
through  the  seal  into  the  decomposing  compartment  first.  Working 
with  higher  current  densities  than  about  110  amperes  per  square  foot, 
there  is  a  tendency  to  form  crusts  of  very  rich  and  solid  amalgam  which 
do  not  pass  throi^h  the  seal,  but  react  with  the  brine  and  decrease  the 
efficiency  of  the  cell.  With  potassium  chloride  as  the  electrolyte  this  is 
very  marked,  because  potassium  forms  much  more  solid  amalgams  than 
sodium  at  equal  concentration.  With  potassium  a  current  density  of 
about  20  amperes  cannot  be  greatly  exceeded. 

All  the  dirt  in  the  salt  collects  on  the  surface  of  the  mercury  at  the 
bottom  of  the  cell,  and  very  pure  or  carefully  purified  brine  must  be  used 
to  keep  the  mercury  from  becoming  foul.  These  difficulties  have  been 
overcome  in  the  Wildermann  cell,  in  operation  on  a  large  scale  since 
about  1911. 

Wildennaim  CelL  The  Wildermann  cell  is  constructed  of  iron 
covered  with  ebonite  that  contains  graphite,  and  in  which  the  sulphur  is 
sufficiently  high  to  completely  saturate  the  double  bonds  of  the  rubber 
molecule.  The  compodtion  is  that  of  the  empirical  formula  CioHieSa 
plus  10  per  cent  of  graphite  (33  parts  sulphur,  57  parts  Para  rubber,  10 
parts  finely  divided  very  pure  graphite).  Such  ebonite  is  sufficiently 
flexible  and  elastic,  can  be  made  to  adhere  perfectly  to  iron,  and  is  very 
resistant  to  both  chlorine  and  caustic  olkaUes. 

The  cell  (Fig.  123)  consists  of  a  decomposing  compartment  (a)  and 
a  combining  compartment  (t>)  separated  by  a  vertical  partition  composed 
of  superimposed  trou^s  containing  mercury  with  free  surfaces  exposed 
in  the  combinii^  and  decomposing  compartments.  The  imier  decom- 
posing compartment  contains  the  anodes  (C)  and  saturated  solution  of 
sodium  or  potassium  chloride.  The  outer  combining  compartment 
contains  caustic  solution  of  20  or  22  per  cent  concentration.  The  cur- 
rent passes  from  the  anode  through  the  brine  to  the  mercury  and  from 
here  back  to  the  dynamo  or  the  next  cell  in  series.  Alkali,  metal  is  thus 
deposited  by  the  current  on  the  surface  of  the  merciuy  and  alloys  with 
it.  Stirrers  (d)  provided  with  teeth  (c)  dip  into  the  mercury,  mix  the 
&l\oy  with  it,  and  carry  it  to  the  bottom  of  the  troughs.  The  troughs 
are  of  such  shape  that  the  alloy  b  brought  below  the  mercury  of  the 
caustic  side.  Being  specifically  lighter  then  mercury,  it  immediately 
rises  by  buoyancy  to  the  surface  of  the  mercury  on  the  caustic  aide, 
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Fig.  123. 


From  tbe  mercuiy  it  passee  into  the  caustic  M^ution  with  great  rapidity 
by  reason  of  the  small  carbons  (/},  which  are  in  electrical  contact  and  form 
a  local  battery  with  tiie  amalgam,  so  that  the  mercury  at  the  top  is  kept 
practically  free  from  aJkali  metal. 

The  cells  are  run  with  dther  sodium  or  potassium  chltrnde  at  current 
deosUes  on  the  mercury  of  from  300  to  700  amperes  per  square  foot, 
the  voltage  nmnii^  frtm) 
about  S  to  8.  Op«atiiig 
as  low  as  110  amperes  per 
aquare  foot,  the  vcdtage  is 
about  4. 

In  one  instaUation  6000 
ampere  cells  are  used  and 
a  current  density  at  the 
mo^uiy  of  330  amperes 
per  square  foot.  These 
cdls  occupy  about  30 
square  feet  floor  area  each 
and  produce  440  lbs.  caus- 
tic soda  and  400  lbs.  chlo- 
rine each  per  24  homs. 
This  is  about  10  lbs.  caustic  soda  and  9  lbs.  chlorine  per  horse^wer  per 
2i  houTB.  With  expensive  power  it  would  be  more  profitable  to  run  at  a 
Iowa*  density  and  voHi^e,  under  which  conditions  the  yield  per  horse- 
power would  be  greater. 

The  anodes  are  of  much  greater  surface  titan  the  eatitodes,  and  the 
anode  currmt  dematy  tber^re  very  much  lees  than  at  the  mercury. 
This  makes  possible  the  use  of  artificial  graphite  anodes,  otherwise  more 
ooBtly  fdatinimt  anodes  would  have  to  be  used. 

Di^hngia  Processes.  In  cells  of  Hoe  type  the  anode  and  cathode 
are  separated  by  a  porous  [>artition,  which  in  most  successful  cells  is  in  close 
contact  with  the  cathode.  CoBoentrated  salt  aolutioe  is  usually  fed  into 
the  anode  contpartmcBt  aad  (towa  toward  the  cathode  under  dight  head. 
The  dia|>hragm  omtjvls  Bod  regulates  the  forward  motion  of  the  salt  solu- 
tioa  and  retards  the  backward  flow  of  the  caustic  soda  formed  at  tbe 
cathode.  The  caustic  liquor  formed  at  the  catiiode  is  drawn  off  ctrntinu- 
aiiy.  If  the  rate  oi  flow  is  high  the  crude  caUwde  liquor  contiuns  much 
salt,  and  the  percentage  of  sodium  hydroxide  is  low;  if  the  flaw  is  slower 
tbe  c<ffioentration  m  sodium  hydroxide  will  be  higher  and  the  lye  will  cou~ 
tain  less  salt,  but  there  will  be  greater  diffusion  of  sodium  hydroxide  back- 
ward tiiTough  the  anode  compartment,  with  recombination,  etc.,  and  loss 
IB  riacbical  efficiency. 

AUaft^Aooce  Cell.  A  mdely  used  cell  of  this  type  is  the  Allen  Moore. 
This  eenairts  of  a  central  anode  G<Hapartment  separated  from  the  cathodes 
of  perforated  iron  by  diaphragms  of  asbestos  cloth.    Brine  is  fed  into 
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the  anode  compartment,  being  maintained  at  constant  head  by  a  float 
v^ve. 

The  caustic  soda  formed  at  the  cathode  is  carried  away  into  the  vacant 
cathode  compartment  by  the  flow  of  liquid  through  the  diaphragm  and 
cathode  caused  by  this  pressure.    In  section  the  cell  is  similar  to  the 
Townsend  cell,  Fig.  124,  except  that  the  outer  cathode  compartments 
which  contain  kerosene  in  the  latter  are  empty.     The  caustic  liquor  as 
it  flows  away  from  th«  cathode  compartments  carries  a  variable  per^ 
centage  of  salt  and  caustic  soda,  depending  upon  the  particular  operating 
conditions  which  vary  with  local  conditions  and  ooets.     It  is  concentrated 
in  multiple  effect  evaporators.    The  salt  largely  separates  at  an  early 
stage  in  concentration  and  is  re- 
moved "  fished   out "   and   if   the 
local  price  of  salt  is  high,  slight  ad- 
hering alkali  is  removed  by  acidify- 
ing with  hydrochloric  acid  or  other 
suitable  means.     Graphite   anodes 
are  preferable  when  obtainable,  but 
at  the  present  time  anodes  of  retort 
carbon    or     fused    iron    oxide  are 
largely  employed  and  render  excel- 
lent service.     To  insure  maximum 
life  and  efficiency  of  the  diaphra^ns 
it  is  important  to  have  the  brine 
as  pure  as  possible,  and  it  is  common 
practice  -to  purify  the  brine  supply 
Fio.  124.  before  it  is  fed  into  the  cell.    Cal- 

cium and  magnesium  salts  are  pai^ 
ticulariy  objectionable,  as  they  foiui  insoluble  hydroxides  of  lime  and 
magnesium  at  the  cathode  which  plug  the  asbestos  diaphragm  in  a 
short  time. 

The  Nelson  cell  is  of  a  somewhat  similar  type.  In  this  cell  an  atmos- 
phere of  steam  is  maintained  in  the  cathode  compartment. 

Hargreaves-Bird  Process.  In  the  Hargreaves-Bird  process  the  caustic 
is  converted  to  carbonate  at  the  cathode  and  its  backward  diffumon 
thus  prevented.  The  cell  consists  of  a  ca8t-m>n  box  10  ft.  loi^,  5  ft. 
high,  and  2  ft.  wide.  The  cathodes  of  copper  gauze  support  the  dia- 
phragm of  an  asbestos,  silicate  of  soda,  Portland  cement  composition, 
and  divide  the  cell  into  three  compartments.  The  inner  comparts 
ment  contains  the  anodes  of  retort  carbon,  with  lead  connections  which 
are  protected  by  a  coat  of  cement.  The  diaphragm  is  sufficiently 
impervious  to  prevent  the  brine  with  which  the  inner  compartment  is 
filled  to  flow  through,  en '  masse,  but  permits  electrolysis  to  take  place 
thtough  it.    The  space  between  the  outer  cathode  walls  and  the  walls  of 
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the  cell  is  empty  of  liquid.  In  it  a  mixture  of  steam  and  carbon  dioxide  is 
blown  which  forms  carbonate  of  soda  solution  on  the  walls  of  the  cathode 
which  trickles  away.  The  chlorine  liberated  at  the  anode  is  pumped  out 
of  the  anode  compartment,  along  with  the  brine,  the  chlorine  is  trapped 
off,  the  brine  brought  back  to  its  ordinal  concentration  by  saturating  with 
more  salt  and  returned  by  a  stoneware  pump  to  the  cell.  The  current 
in  the  Hai^reaves-Bird  cell  is  high,  voltage  low,  3.3  volta,  but  it 
labors  under  the  disadvantage  of  producing  low-priced  sodium  carbon- 
ate instead  of  the  more  valuable  sodium  hydroxide,  and  seems  to  be 
locdng  ground  in  competition  with  the  cells  producing  caustic.  The 
output  per  cell  per  twenty-four  hours  is,  sodium  carbonate  170  lbs., 
chlorine  113  lbs.,  per  H.P.  per  twenty-^four  hours,  sodium  carbonate  18 
lbs.,  chlorine  12  tbs. 

Townseod  or  Hooker  Cell.  In  the  Townsend  cell,, which  is  shown  in 
cross-section  in  Fig.  124,  the  anodes  are  graphite,  the  cathodes  are  perforated 
iron  plates,  separated  from  the  anode  compartment  by  vertical  diaphragms 
which  adhere  closely  to  the  iron  cathodes.  The  outer  surfaces  of  the 
cathode  plates  are  bathed  in  kerosene  in  the  cathode  compartments. 
The  anode  compartment  is  kept  filled  with  brine.  A  hydrostatic  pres- 
sure is  maintained  whereby  a  portion  of  the  brine  flows  slowly  from 
the  anode  into  the  cathode  compartments.  As  soon  as  current  is 
passing,  this  escaping  brine  is  charged  with  the  caustic  soda  formed 
by  electrolysis,  Pas^g  through  the  perforated  iron  plates  it  meets 
the  kerosene  bath  and  forms  oily  drops  which  detach  from  the  walls 
and  sink  to  the  bottom  of  the  kerosene  out  of  electrical  or  chemical 
contact  with  the  system,  and  is  continuously  removed.  The  spent  anode 
brine  is  pumped  continuously  from  the  anode  compartment  to  a  tank 
where  it  is  saturated  with  salt  and  the  chlorine  trapped  off.  It  is  then 
returned  to  the  cell.  The  cells  are  made  in  rather  large  units  and  carry 
from  4000  to  6000  amperes  per  cell.  The  composition  of  the  cathode 
Hquor  varies  with  the  rate  of  percolation.  With  the  rate  foimd  most 
advantageous  in  practice  the  composition  is  about  ISO  grams  sodium 
hydroxide  and  213  grams  sodium  chloride  per  liter,  with  lower  hydrostatic 
pressure  and  reduced  percolation — the  composition  can  be  brought  to 
sodium  hydroxide  250  grams,  sodium  chloride  140  grams.  This  cell  can  be 
run  at  very  low  voltage,  as  low  as  3.5,  with  a  current  density  of  70 
amperes  per  square  foot  at  the  anode,  but  with  increased  current  density 
(140  amperes  per  square  foot  at  the  anode),  the  voltage  rises  to  about  4.7. 
While  the  yield  of  sodium  hydroxide  and  chlorine  per  H.P.  is  less  at  the 
high  density  the  output  per  cell  is  greater,  and  it  has  been  found  on  the 
whole  more  economical  to  sacrifice  power  to  greater  output  per  unit 
of  plant. 

Baekeland  Diaphragm.  The  diaphragm,  which  is  the  invention  of 
Dr.  Baekeland,  connsts  of  asbestos  cloth  filled  with  a  special  paint  made 
of  a  mixture  of  oxide  of  iron,  asbestos  fiber  and  gunamy  iron  hydroxide. 
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The  diaphragms  become  clof^ed  ia  five  or  six  weeka,  so  are  removed  and 
given  a  fresh  coat  of  the  paint.  This  diaphragm  is  very  economical  and 
efficient. 

AU  the  diaphragm  cella  thus  far  described  have  vertical  diaphragms. 
llie  advantages  are  simple  cocstruction  both  of  the  cell  and  the  dia- 
phTBgm,  easy  accesubihty  of  the  inside  of  the  cell  for  cleaning,  and  less 
floor  space  for  a  given  output.  The  Eilliter-Siemens  is  the  first  of  recent 
commercial  cells  to  use  a  horizontal  diaphragm.  The  advantages  of 
this  construction  are  that  the  diaphragm  is  more  slowly  attacked  chem- 
ically because  it  ia  always  to  a  certain  extent  saturated  with  the  alkali 
which  migrates  upward  from  the  cathode;  and  the'  hydrostatic  pressure 
on  the  diaphr^^  is  uniform  at  all  points  not  varying  with  the  height 
as  in  vertical  diaphragms.  This  insures  a  more  uniform  flow  of  Uquid 
throu^  and  more  efficient  checking  of  the  migration  of  caustic  towards 
the  anode. 

Billiter-Siemens  Cell.  "HieBilliter^iemens  ceil  (Fig.  125)  is  long,  narrow 
and  trough  shaped.  It  contains  an  inner  vessel  or  bell  (A)  with  granite 
side  walls  or  walls  of  boiler  plate  with  a  lining  of  cement  on  the  inner 
surface.  The  bell  is  closed  at 
the  bottom  by  a  diaphragm 
{BC),  the  latter  resting  on  a 
supporting  lattice  work  cath- 
ode {D)  of  iron  or  nickel  wire 
which  is  fixed  to  the  bell  and 
arched  in  order  to  permit  the 
hydrogen  bubbles  to  escape  at 
the  channel  E.  The  anodes 
{F)  of  graphite  are  arranged 
parallel  to  the  cathode.  The 
bell  is  supplied  with  electro- 
lyte (sodium  or  potassium 
Fio.  125.  chloride  solution)  through  the 

supply  pipe  {G)  to  a  definite 
d^th.  It  rests  in  an  outer  vessel  (H)  of  iron  which  is  at  first  empty, 
but  the  diaphragm  is  permeable  to  the  brine  and  the  latta  arrives  at 
the  cathode  as  a  solution  containing  caustic  and  excess  salt.  The  caustic 
solution  is  retained  until  it  overflows  at  the  escape  pipe  (J)  so  arranged 
that  {H)  is  kept  filled  just  sufficiently  to  wet  the  cathode. 

The  diaphragm  consists  of  a  sheet  of  asbestos  (£)  kept  in  posititm 
by  a  frame  (K)  and  wedges,  over  which  is  spread  a  thin  layer  (C)  of 
precipitated  barium  sulphate  and  asbestos  fiber.  The  barium  sulphate 
is  precipitated  in  presence  of  the  asbestos  fiber  from  a  hot  solution  con- 
taining salt.  A  uniform  mixture  is  thus  obtained,  and  by  precipitating 
hot  there  is  no  subsequent  change  in  the  ^ze  of  the  sulphate  gnuns  in 
the  cell  which  is  operated  hot.    The  brine  is  heated  by  hot  liquid  kept 

D,uMz.;l;,V.OOglC 


CHLORINE  AND  ALLIED  PRODUCTS  269 

oirculating  through  the  stoneware  pipes  (Z.).  The  chlorine  is  drawn 
off  throui^  the  exit  pipe  {Af).  The  cathode  is  in  electrical  contact 
with  the  iron  bottom  of  the  cell,  which  rests  on  I-shaped  girders  which 
are  insulated  frcvn  the  ground.  The  negative  leads  are  connected  to  the 
bottom  of  the  celt  or  the  girders. 

The  internal  heating  arrangonent  materially  reduces  the  voltage 
and  power  cooaumption.  This  with  the  special  diaphragm  construction 
are  the  distjnetive  features.  The  cella  are  cooetructed  up  to  3000  amperes 
capacity  and  work  with  a  current  efficiency  of  95  per  cent.  The  working 
temp«&ture  is  preferably  70  to  85"  C.  The  best  current  density  at  the 
diaphragm  is  about  45  amperes  per  square  foot.  At  current  densities 
above  70  disint^;ration  of  the  diaphragm  sets  in.  The  concentration 
of  the  caustic  liquor  varies  with  the  voltage.  At  a  voltage  ai  3.66  it  is 
about  130  grams  NaOH  per  liter. 

In  all  the  diiqihragm  processes  the  primary  cathode  products  comdst 
od  a  solution  (rf  caustic  soda  and  salt.  This  is  boiled  down  in  cast-iron 
vessels,  UBUi^ly  under  a  vacuum  with  triple  or  quadruple  effect.  At  a 
moderate  eonoentrati<m  most  of  the  salt  separates  out,  the  caustic  soda 
remaining  in  solution.  The  salt  is  removed  (6sbed),  and  after  neutralizing 
the  small  amount  of  entrained  caustic  with  hydrochloric  acid,  goes  back 
into  the  process. 

The  anode  liquor  is  vcsy  destructive  to  carbon  or  graphite  electrodes 
if  it  beonnes  alkaline;  this  is  guarded  against,  in  scnne  processes,  by  the 
addition  of  a  little  hydrochloric  acid  at  the  anodes.  Other  diaphragm 
processes  which  space  does  not  pennit  the  description  of  are  the  Boberts, 
using  a  diaphragm  compounded  of  anthracite  coal,  the  Leseur,  the 
Outherine  Chalandre,  etc. 

Bell  Proceas.     In  the  bdl  processes,  of  which  there  are  several,  combina- 
tion of  the  anode  and  cathode  products  is  prevented  without  the  use  of  a 
diaphragm  by  suspending  the  anodes 
in  bells,  admitting  the  brine  at  the 
anode  at  such  a  rate  that  it  flows 

past  the  eathode  faster  than  the  >>tt> 

catitode  products  can  dffiuse  up- 
ward. The  apparatus  is  very  Nmple, 
but  current  density  is  low  and  the 

^se  of  ihe  ceUs  is  small.     The  P,q  j2q^ 

cathode    liquor    is    very   weak  in       ^  ^„  ^j^i,  ^^^.^^^  omkt  tube,   and 
caustic  soda  and  very  high  in  salt,    trapped   brine    teed  pipe;    B,    anode  of 
necessitating  boiling  down  a  great    retort  carbon;  C,  cathode  <d    iron   gause; 
quantity  of  liquid.     In  Aussig  and    A'  overflow  syphon  tor  caUiode  liquor, 
other    parts    of    the   continent   of 

Europe,  where  fuel  and  labor  are  cheap,  it  has,  notwithstanding,  been 
commercially  successful.     A  siitq>le  type  of  cell  is  shown  in  Fme-  126. 

BQliter-Leykam.     The  Billiter-Leykam  cell  is  an  important  advance 
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in  cells  of  this  type.  In  this  ceil  the  cathodes  are  hooded  to  collect  the 
hydrc^n  and  are  placed  directly  underneath  the  bell  jar  and  not  around 
its  sides  as  in  the  Aussig  cell.  The  advantage  gained  is  that  there  is 
no  change  of  direction  in  the  flow  of  current  and  flow  of  electrolyte 
at  the  edge  of  the  bell  with  consequent  irregularity.  Because  of  the 
uniform  current  density  and  flow  of  electrolyte,  brine  can  be  fed  at  just 
sufficient  speed  to  overcome  the  diffusion  and  migration  upwards  from 
the  cathode.  The  motion  of  the  electrolyte  is  directly  opposed  to  the 
current  lines  till  it  has  passed  the  cathodes.  The  current  density  is 
very  high  for  cells  of  this  type  (up  to  about  60  amperes  per  square  foot 
at  the  anode).  Strong  caustic  liquor  is  produced  (12  to  15  per  cent  NaOH). 
The  current  efficiency  is  high  (95  per  cent).  Comparatively  large  units 
can  be  constructed.  One  plant  consists  of  1200  ampere  cells  each  pro- 
ducing about  100  lbs.  caustic  soda  and  the  corresponding  amount  of 
chlorine  per  twenty-four  hours.  The  voltage  is  low,  3.1  to  3.2  volts. 
The  electric^  efficiency  is  therefore  probably  the  highest  of  any  commer- 
cial cell.  They  are  preferably  internally  heated  and  operated  at  a  tem- 
perature of  about  85°  C.  They  require  very  little  attention  since  when 
once  started  there  is  almost  nothing  to  get  out  of  order.  The  floor  space 
required  is,  however,  large.  A  1200-8mpere  cell  is  about  20  ft.  long, 
4'ft.  broad,  and  4  ft.  high  and  requires  24  anodes  of  graphite  40  in.  by 
7  ins.  by  2  ins.  The  cathodes  are  of  T-iron  slightly  inclined  and  enclosed 
in  woven  asbestos  tubes  which  carry  the  hydrogen  away,  but  interpose 
very  little  resistance  to  the  current  or  to  the  electrolyte,  much  of  which 
latter  flows  between  the  cathodes  which  are  spaced  one-quarter  inch 
apart.  Fig.  127  shows  in 
sketch  a  cross-section  of  the 
Biliiter-Leykam  ceil. 

Platinum    anodes    ha\-e 

been  successfully  used  in  the 

electrolysia  of  salt;  the  chief 

objection  istheir  high  original 

cost.     There  is  some  gradual 

loss  of   platinum,   but   in  a 

properly  designed  plant  the 

expense  need  not  exceed  nine 

^'^    '^  or   ten   cents    per    100   lbs. 

chlorine  produced. 

For   each   71   lbs.  of  chlorine   there  are  formed  2  lbs.  of  hydrogen. 

Up  to  the  present  this  has  in  most  cases  been  simply  allowed  to  escape. 

One  plant  uses  it  to  make  very  pure  hydrochloric  acid  by  burning  it  in 

an  atmosphere  of  chlorine  in  fused  quiirtz  burners.     Increased  outlets 

for  hydrogen  have  arisen  in   the  last  few  years  in  the  hydrogenation  of 

oils  and  fats,  synthesis  of  ammonia,  for  balloons  and  welding.     While 

the  value  is  not  very  great  it  is  still  probable  that  the  hydrogen  pro- 
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duced  in  most  electrolytic  chlorine  plants  will  be  more  and  more  utilised 
in  some  such  ways  as  time  goes  on. 

The  following  balance  sheet  shows  the  cost  per  twenty-four  hours  of 
a  plant  producing  12,670  lbs.  sodium  hydroxide  and  12,500  Ibe.  chlorine, 
using  one  of  the  diaphragm  processes : 

BaloTue  Sheet 

Power-cells,  1200  H.P.,  at  $17  per  horse-power  year t55.89 

Power-motors,  25  H.P.,  at  |17  per  horse-power  year 1.16 

Salt,  23,000  lbs.  at  $4.50  per  ton 51.75 

Superintendence 20.00 

Labor,  14  men,  at  $2.25 31.50 

Coal,  8  tons,  at  $3.50 28.00 

Depreciation  and  taxes. 23.95 

Maintenance  and  repairs 31.25 

Drums,  27,  at  91c 24.57 

Debit $268.07 

Cr«dit. 

12,500  lbs.  chlorine,  at  .01 $125.00 

Cost  of  12,670  lbs.  caustic  soda $143.07 

Chemical  Processes.  Of  the  purely  chemical  processes  for  preparing 
chlorine  two  survive,  the  Weldon  and  the  Deacon  processes.  Both  use 
muriatic  acid  as  the  source  of  chlorine.  Because  of  the  expense  incident  to 
transporting  this  acid,  wherever  chlorine  is  produced  in  a  large  way 
chemically,  the  acid  is  made  on  the  spot. 

WetdoQ  Process.  Muriatic  acid  is  oxidized  by  manganese  dioxide, 
liberating  chlorine  at  a  moderate  temperature. 

Mn02+4nci-=Mna2-f-2H20-|-CIz. 

The  primary  source  of  the  dioxide  is  the  mineral  pyrolusite,  which  contuns 
from  50  to  70  per  cent  of  manganese  dioxide.  High  manganese  dioxide  con- 
tent is  very  desirable  for  chlorine  manufacture,  and  less  than  57  per  cent 
renders  the  mineral  unsuitable  for  the  purpose.  The  muriatic  acid  should 
be  of  hi^  concentration,  30  per  cent  upward  of  actual  hydrochloric  acid 
and  fairly  free  from  sulphuric  acid,  otherwise  the  regeneration  of  the  man- 
ganese dioxide  becomes  difficult  or  impossible  and  the  process  unprofitable. 
The  generation  of  chlorine  is  always  conducted  in  stoneware  stills  (fire- 
brick, sandstone),  etc.,  which  may  be  of  rather  variable  design.  In  start- 
ii^  with  pyrolusite,  the  mineral  is  placed  in  the  still  first,  on  a  raised  plat- 
form, then  the  acid,  preferably  warm,  is  run  in  gradually,  finally  the  still  is 
moderately  heated  by  blowing  in  a  current  of  live  steam.  The  muriatic 
add  acte  on  the  dioxide  until  its  concentration  is  reduced  to  about  5  per 
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cent  actual  hydrochloric  acid.  With  recovered  manganese  the  acid  is 
utilized  down  to  about  2  per  cent.  The  chkiriae  is  evolved  in  a  steady 
stream  and  ia  conducted  by  lead  or  stoneware  pipes  to  the  point  of  utilizar- 
tion.  Since  pyrolu^te  ia  furly  expensive,  the  profitable  production  of 
chlorine  necessitates  the  recovery  of  the  manganem  from  ihe  spent 
still  liquor.  The  Weldon  process,  which  is  the  most  successful 
method  of  doing  this,  is  based  on  ^e  fact  that  freshly  precipi- 
tated  nuinganous  hydroxide  suspended  in  a  solution  of  calcium  chloride 
is  easily  converted  into  peroxide  by  a  current  of  air  forced  through 
the  liquid,  if  there  he  present  an  excess  of  lime.    The  excess  of  lime  is 


Process  of  Recovery.  The  spent  liquor  from  the  still  is  run  into  a 
neutralizing  well,  where  it  is  treated  with  ground  chalk,  or  better  with 
regenerated  manganese  mud.  The  free  hydrochloric  acid  is  thus  neutral- 
ized, and  any  iron  present  is  precipitated.  The  residual  chlorine  dissolved 
in  the  liquor  is  carried  off  aloi^  with  the  evolved  carbon  dioxide  to  a  taH 
chimney,  whence  it  escapes,  or  it  may  be  removed  by  passing  through  a 
scrubbing  tower. 

The  neutralized  liquor  is  allowed  to  settle  for  a  few  hours,  when  the 
clear  solution  is  run  into  the  oxidizers.  These  are  iron  tanks  10  ft.  in 
diameter  and  30  ft.  high,  with  a  perforated  pipe  at  the  bottom  through 
which  air  is  admitted  under  pressure. 

The  oxidizer  is  about  half  filled  with  manganese  liquor  (avera^i^  60 
grams  per  liter  manganese  aa  manganese  dioxide).  By  means  of  live  steam 
the  liquid  is  heated  to  55"  C.  lime  water,  ix«pared  by  slaking  pure  lime 
very  low  in  magnesium,  is  then  run  in  till  all  the  manganese  b  precipitated 
as  manganous  hydroxide.  Then  i  to  J  excess  is  added.  Meanwhile  the 
air  is  blowing  full  blast  throi^  the  liquor.  The  liquor  is  at  first  yellow 
but  gradually  becomes  blaek.  The  first  blowing  is  continued  three  to  five 
hours,  till  the  liquor,  which  was  at  first  strongly  alkaline,  is  nearly  neutral- 
'  ised  and  no  more  manganese  dioxide  forms. 

About  i  as  much  manganese  liquor  as  originally  used  is  then  added,  and 
blowing  is  continued  for  another  two  hours. 

The  mud  is  tbes  run  into  settlers,  where  it  remains  until  the  precipitate 
subsides.  The  clear  supo-natant  solutitm  of  cdcium  chl(»ide  is  th^i  run 
off  as  a  wast«. 

The  current  of  air  must  be  very  powerful,  otherwise  what  is  known  aa  a 
stiff  batch  is  liable  to  form.  If  there  is  not  sufficient  excess  of  lime  the 
oxidation  is  only  partial  and  what  is  known  aa  a  red  batch  is  formed.  This 
consists  chiefly  of  Mns  'i- 

About  168  cu.ft.  of  air  are  required  to  i»oduee  1  lb.  of  manganese 
dioxide. 

The  use  of  recovered  manganese  mud  greatly  sin^ilifiea  the  production 
of  chlorine.  Very  much  larger  stills,  usually  pentagonal,  are  used.  Muri- 
atic acid  is  run  into  the  still  about  2  ft.  deep,  then  gradually  n 
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mud  is  admitted  mitil  an  even  current  ot  chlorine  is  produced. 
Finally,  to  utilize  the  last  of  the  acid  and  drive  off  the  dissolved 
chlorine,  steam  is  blown  in.  The  spent  liquor  then  goes  back  to  the 
recovery  plant. 

The  reactions  which  occur  in  recovery  are  about  as  follows: 

1.    I00Mnaa+160CaO-  M)0!ifaO-f«0CaO+  lOOCaCb- 
n.    100MnO+60CaO+86O  -  48CaO.MnOa+  14MnO.MnOj 

+12Ca0.2MiiOa. 
m.    48Ca0.MnOa+24MnCl3-24Ca0.2MnO2+24MnO+3*C»Cls. 
IV.    24MnO+120-12MnO.Mn02. 

fVom  124M&Qe  (original  100  and  second  addition  of  2i)  tliere  are  pro- 
duced SSMnOa  (aloi«  with  36CaO  and  26MnO). 

Deacon  Process.  The  Deacon  process  ia  based  on  the  oxidsttoD 
of  gsaeoBS  hydrochloric  acid  by  the  oxygen  of  the  air  in  the  presence  of  a 
suitable  eatiUycer. 

2Hd+0-H20+Cb. 
The  «atalyser  Htoet  used  is  copper  chloride,  which  functionates  aa  follows: 

(1)  2CuCl2=Cu2CIz+Cl3; 

(2)  CuaCl2+Oa=2CuO+Cl3; 

(3)  2CuO+4HCI  =  2CuCla+2H20. 

This  reaction  begins  at  250°  *C.  wid  reaches  Its  maximum  at  400°  C.  The 
rate  of  action  of  the  catalyzer  (iepends  upon  the  surface  exposed  more  than 
on  the  amount,  and  therefore  the  catalyzer  used  in  practice  is  broken 
bricks  or  burnt  clay  balls  which  have  been  soaked  in  copper  solution 
(3  per  cent)  and  dried.  The  reaction  is  slightly  exothermic,  but  heat 
must  be  supplied  to  make  up  for  the  loss  by  radiation,  etc.  In  practice 
about  60  per  cent  of  the  hydrochloric  acid  is  decomposed,  but  the  rest  is 
recovered  as  weak  acid.  The  catalyzer  soon  loses  its  activity  from  a  vari' 
ety  of  causes,  principal  of  which  seem  to  be  the  presence  d  sulphuric 
acid  and  arsenic  in  the  muriatic  acid.  • 

He  gases,  hydrochloric  acid,  lur  and  moisture,  from  Hke  decomposition 
of  salt  by  sulphuric  acid  In  an  ordinary  salt  cake  furnsoe,  aire  cooled  bypasB- 
ing  through  long  glass  pipes  and  a  small  tower  filled  with  coke  to  remove 
moisture.  They  next  pass  to  aa  iron  prebeater,  wiiere  they  are  heated  to 
400°  C.  (^«t,  dry  hydnxdilorie  aoid  has  little  action  on  iron).  The  hot 
gaseous  mixture  then  passes  through  the  decomposer  filled  with  the  con- 
tact Bitetaaca,  the  temperature  of  which  is  carefully  regulated.  The 
deeomposition  is  here  effected,  the  eeca^iii^  gasee  being  chlorine,  water  in 
the  form  of  steam,  hydrochloric  acid,  ititrogen,  and  a  little  oxygen. 

The  gsseous  mixture  is  first  cooled  by  passii^  through  a  long  series  of 
pipes.    The  hydrochloric  acid  is  next  removed  by  washing  with  water  in 
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a  scrubbing  tower,  and  is  finally  dried  by  washing  with  sulphuric  acid  in  a 
lead-lined  tower.  The  contact  substance  is  removed  every  two  weeks, 
one-sixth  at  a  time,  thus  each  portion  remwns  in  service  twelve  weeks. 

The  Deacon  process  produces  chlorine  of  about  5  to  8  per  cent  volume 
concentratioii.  This  is  its  chief  drawback.  It  produces  chlorine  more 
cheaply  tbai  the  Weldon  process,  but  the  plant  is  expensive  and  there  have 
been  few  new  Deacon  installations  since  the  advent  ot  the  newer  electroly- 
tic processes. 

In  the  Welden  process  about  35  per  cent  ot  the  hydrochloric  acid  is 
converted  to  chlorine,  the  rest  to  waste  calcium  chloride.  In  the  Deacon 
process  about  60  per  cent  is  converted  and  the  rest  recovered. 

Liquid  Chlorine.  Chlorine  can  be  condensed  to  a  liquid  at  15°  C. 
by  a  pressure  of  4  atmospheres,  or  at  atmospheric  pressure  by  a  tempersr 
tureof  — 34*'C,  Ita  specific  gravity  is  1.43,  one  volume  of  liquid  corre- 
sponding to  about  4O0  volumes  of  gas. 

The  liquefaction  of  chlorine  facilitates  its  transpori  and  use  in 
definite  regulated  amount  as  in  water  purification  and  organic  synthesis. 

Chlorine  is  liquefied  conunercially  either  by  cooling  to  a  very  low 
temperatiu«,  -45''C.,  or  lower  without  any  pressure  (Linde  process), 
or  by  a  combination  of  pressure  and  cooling  (Knietsch  or  Badische  process). 

The  Badische  process  has  been  in  successful  use  in  this  country  for 
several  years.  The  chlorine  to  be  liquefied  must  be  highly  concentrated  to 
insure  high  per  cent  liquefaction  and  free  from  moisture  so  tliat  neither 
the  gas  nor  the  liquid  will  attack  the  iron  apparatus  or  cylinders.  It  is 
compressed  by  means  of  a  liquid  piston  operating  in  a  U-shaped  apparatus. 
The  metal  plunger  moves  up  and  down  in  petroleum  in  one  leg  and  com- 
municates its  motion  to  concentrated  sulphuric  acid,  in  the  other  arm  of  tlie 
U  chlorine  Is  sucked  in  the  acid  side  on  each  up  stroke  and  compressed 
on  the  down  stroke  and  passes  by  way  of  a  separator  to  a  condenser  where 
imder  the  influence  of  low  temperature  it  liquefies  and  is  filled  into  the  ship- 
ping containers. 

Hypochlorites.  Most  industrial  uses  of  chlorine  depend  upon  its 
oxidizing  action,  particuhu-ly  in  the  form  of  alkali  or  alkali  earth  hypo- 
chlorite.   The  hypochlorites  also  afford  an  easy  means  of  transport. 

Chlorine  combines  with  aqueous  solutions  of  the  alkaline  and  alkaline 
earth  hydrates,  or  with  the  hydrates  In  the  presence  of  moisture-foraung 
hypochlorites. 

2  NaOH-l-Cla-NaOCH-NaCl-l-HsO. 

The  hypochlorites  are  very  powerful  bleaching  and  oxidinng  agents. 
Calcium  hypochlorite  is  the  cheapest  powerful  oxidizing  agent  that  we 
have.  Their  value  depends  in  most  cases  upon  the  ease  with  which  they 
give  up  oxygen  to  oxidizable  organic  matter,  rather  than  to  any  direct 
chlorinating  action  of  the  contained  chlorine. 

Ca(OCl)8=.CaCl2-f-Oa. 
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Aqueous  solutions  of  hypochlorites  are  produced  io  lai^  quantities 
for  use  at  the  place  of  manufacture.  Because  of  their  bulk  (it  is  di£Scult 
to  prepare  hypochlorite  solutions  much  over  130  grams  hypochlorite  per 
liter)  and  instability,  such  solutions  are  seldom  transported.  Occasion- 
ally bleach  liquor  (calcium  hypochlorite  solution)  is  shipped  a  few  hundred 
miles  in  tank  cars  if  it  can  be  used  immediately. 

Sodium  and  potassium  hypochlorite  solutions  (Eau  de  Javelle,  Labar- 
raque  solution)  are  made  to  some  extent  by  the  direct  action  of  chlorine 
gas  upon  solutions  of  the  respective  alkali  hydrates  for  use  in  laundry 
work,  bleaching  and  disinfecting.  They  are  more  commonly  produced 
from  calcium  hypochlorite  by  double  decomposition. 

Ca(OCl)2+Na2C03=2NaOCH-CaC03. 

Calcium  hypochlorite  is  cheaper  and  equally  good  for  many  purposes. 
It  is  made  by  absorbing  chlorine  in  milk  of  lime,  which  takes  it  up 
with  great  avidity.  The  manufacture  is  very  simple.  It  is  merely  neces- 
sary to  keep  the  lime  in  excess  throughout  and  to  keep  the  temperature 
below  35*  C.  If  the  chlorine  gets  in  excess,  or  the  temperature  above 
37°  C,  rapid  decomposition  and  formation  of  chlorate  begins.  The 
presence  of  iron  likewise  tends  to  cause  decomposition,  particularly  if 
there  be  little  excess  of  lime.  In  the  manufacture  of  bleach  liquor  it  is 
preferable  to  dilute  the  chlorine  with  air  as  the  danger  of  local  over- 
beating  is  thereby  greatly  reduced.  The  apparatus  in  which  bleach 
liquor  is  made  and  stored  is  commonly  constructed,  or  at  least  lined 
with  Portland  cement  concrete,  which  is  not  acted  upon  and  answers 
the  purpose  admirably.  Fig, 
128  shows  a  very  good  type  |  It 
of   bleach  liquor  machine  in  ^~ 

section.  A  mixture  of  lime 
and  water  meets  a  stream 
of  chlorine  on  the  counter- 
current  principle,  is  elevated 
by  a  centrifugal  pump,  more 
lime  is  added  and  the  opera- 
tion is  repeated  till  the  entire 
charge  is  up  to  the  desired 
strength,  the  operation  being 
entirely  continuous  and  auto- 
matic except  as  regards  the 
addition  of  lime. 

Although  calcium  hypo- 
chlorite is  almost  always  used 
in  solution,  it  is  conunonly 
manufactured  for  sale  in  the 
soUd  condition  which  is  more 
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stable  and  more  easily  transported.  Slaked  lime,  Ca(0H)3,  containiDg  a 
slight  excess  of  water  (2  to  5  per  cent)  readily  takes  up  chlorine,  forming 
bleaching  po  .vder  which  has  the  con^tosition, 

CaO.CaOai+2H20. 

The  CaO  in  the  best  bleaching  powder  amounts  to  about  10  per  cent 
Bleaching  powder  is  readily  soluble  in  water;  the  excess  lime  forming  a 
sediment: 

2CaOCl2+H«0-Ca(OCl)3+CaCl3+HiO. 

In  making  bleaching  powder  burnt  lime  low  in  magnesia  and  carbonic 
acid  is  first  slaked  so  as  to  contain  about  26  per  cent  water.  It  is  then 
carefully  sifted  through  iron  screens  and  allowed  to  cool  completely.  It  is 
then  spread  in  a  thin  layer  3  or  4  ins.  deep  on  the  floor  of  a  so-callM 
"chamber,"  a  room  usually  about  6^  ft.  high.  Chlorine  gas  is  then 
admitted  through  the  roof  and  slowly  passes  to  another  chamber  in  series 
after  tJie  Ume  in  the  first  chamber  has  taken  up  most  of  the  chlorine.  It 
usually  takes  f^raut  twenty-four  bours  for  the  lime  to  become  completely 
saturated.  In  case  lime  deeper  than  2  ins.  is  placed  on  tbe  floor,  it 
becomes  necessary  to  interrupt  tbe  gassing  and  for  workers  to  enter  the 
chamber  and  turn  the  lime  with  a  spade.  Finally  the  bleach  is  shoveled 
into  wooden  ca^  or  iron  drums  painted  with  aq>halt  paint.  Tbe  chlorine 
must  be  fairly  dry  uid  must  not  be  admitted  too  rapidly.  The  tempera- 
ture of  the  chambw  is  kept  below  45°  G.  Chlorine  diluted  with  air  to 
about  40  per  cent  by  vdume  works  wtU.  With  gas  less  tban  30  per  cent 
chlorine,  mechanical  absorbers  or  shelf  absorbers  with  very  thin  layers  of 
lime  must  be  used  instead  of  chambers.  The  ordinary  bleach  chambers 
are  constructed  of  lead,  stone  or  cement,  with  usually  fm  asphi^t  floor. 
They  may  be  quite  large,  30  by  100  ft.  is  a  common  size,  and  must  be 
provided  with  suitable  doors,  peep  holes,  etc.  Two  hundred  square  feet 
of  chamber  floor  is  necessary  for  each  ton  of  bleach  produced  per  week. 

Potasaium  Chlorate.  If  chlorine  acts  upon  milk  of  lime  at  a  high  tem- 
perature (00  to  70°  C  ),  the  cblorine  being  in  exceee,  hjrpochlorite  is  formed 
only  as  an  intermediate  ]»oduct,  which  immediately  is  converted  to  chlo- 
rate, the  final  reaction  being 

6Ca(OH)2+12Ci  =  Ca(C108)a+5Caa2+6H20. 

This  is  the  reaction  upon  which  the  manufacture  of  chlorate  is  based. 
Chlorine  is  systematically  passed  over  milk  of  lime  in  cast-iron  cylinders 
provided  with  stirrers,  which  are  kept  at  the  proper  temperature  mainly 
by  the  beat  which  the  reaction  itself  evolves,  if  the  combination  is  allowed 
to  proceed  at  a  sufficiently  rapid  rate.  The  chlorine  is  passed  over  the 
surface  of  the  lime  water  till  most  of  the  lime  has  dissolved  and  been  con- 
verted into  chlorate.  Any  unabsorbed  chlorine  passes  to  another  fresh 
cylinder  in  series  where  it  is  utilized.   The  solution  is  then  boiled  down  to 
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about  1.35  Bpeoific  gravity  with  potassiuin  chloride,  which  reacts,  forming 
imtaaaium  chlorate, 

Ca(C103)2+2  KC1  =  2  KClOa+CaCb. 

On  cooling  the  bulk  of  the  potaaaium  chlorate  cryetallizes  out.  The 
mother  liquors  are  boiled  down  a  second  and  third  time  and  strongly 
cooled  to  recover  the  small  amount  of  chlorate  which  remains  in  solution. 
The  crude  potassium  chlorate  is  purified  by  recrystallization,  and  is 
washed  and  dried  in  a  centrifuge  machine. 

Sodium  Chlorate.  Sodium  chlorate  is  much  more  soluble  than  the 
potassium  salt,  and  cannot  be  made  in  quite  the  same  way.  In  the  maau- 
facttire  of  sodium  chlorate,  calcium  chlorate  is  first  made.  This  is  bwled 
down  to  about  1.6  gravity  and  then  cooled.  Four-fifths  of  the  calcium 
chloride  s(^idifiee.  The  mother  liquor  is  drained  off  and  most  of  the  cal- 
cium precipitated  with  sodium  sulphate,  a  little  sodium  carbonate  being 
added  to  remove  the  last  of  the  calcium.  The  solution  of  sodium  chloride 
and  sodium  chlorate  is  then  boiled  down.  Most  of  the  sodium  chloride 
sepu«tes  from  the  boiling  hot  solution  and  is  removed.  The  solution  is 
then  cooled,  and  much  of  the  sodium  chlorate  crystallises'  out.  Twenty 
per  cent  or  so  is,  however,  left  in  the  mother  liquor,  which  goes  back 
into  process.  The  separation  is  based  on  Hie  difference  in  scdubility 
of  sodiiun  chlorate  raid  sodium  chloride  in  hot  and  cold  solutions. 

Kectrotirtic  Manufactura  of  Chlonite.  If  an  alkali  chloride  solution  is 
electrolysed  imd  the  anode  and  cathode  products  allowed  to  mix  as 
formed,  at  i^^nary  temperature  alkali  hypocfaochtorites  are  formed: 

Naa-Na+Cl,    Na+H80  =  NaOH+H,    2NaOH+Cla-NaOCH-NaCl 

If  the  fcnnperature  is  above  40°  C,  chlorate  is  formed : 
SNaOCI  -  NaClOg  -|-2NaCI, 
particularly  if  the  solution  is  slightly  acid.    A  secondary  reaction  which 
OCCUR  18  Ute  reduction  of  Ghl<n'ate  by  the  hydrc^n  formed  at  the  cathode. 

In  actual  iwactice  it  is  customary  to  electrolyze  at  a  tianperature  of 
70  to  100°  C ,  the  heat  being  produced  by  using  a  high  current  dendty 
whidi  also  gives  a  high  yield  pw  unit  of  plant.  At  this  tcmp^nture 
the  substancee  primarily  fonned  at  the  anode  are  very  destructive  to 
moet  anode  materials.  Platinum  anodes  are  least  acted  upon,  and  are 
gen«ally  used.  The  cathode  reduction  can  be  largdy  reduced  by  the 
additJMi  of  a  little  calcium  hypochlorite  to  the  electrt^yte  of  alkali 
chloride.  Tliis  forms  a  coating  <rf  lime  on  the  cathode,  and  increases 
the  carrent  efficiency  greatly. 

The  deetruct4on  of  chlorates  during  electrolyBia  may  also  be  reduced 
by  maintaining  the  electroljrte  sHg^tly  acid,  either  by  the  addition  of  a 
little  hydrochloric  acid  periodically,  or  an  acid  salt,  such  as  potassium 
bicbromate,  which  at  the  aame  time  probably  forms  a  film  of  chromium 
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oxide  on  the  catiiode  and    reduces  the  bydrog^i  reductioo.    Copper 
cathodes  are  generally  used. 

Gibbs  ProceBS.  In  the  Gibbs  process.  Fig.  129,  for  the  manufacture 
of  potassium  chlorate,  which  has  been  in  very  successful  operation  for  a 
nimiber  of  yeais,  a  solution  of  potaa^um 
chloride  containing  a  little  potassium 
bichromate  is  passed  between  anodes  of 
platinum  gauze  supported  on  a  lead 
backing,  and  cathodes  of  copper  in  the 
shape  of  rods.  The  distance  between 
anodes  and  cathodes  is  only  1-64  inch. 
The  electrodes  are  kept  apart  by  inaulat- 
ating  knobs  on  the  copper  rods.  The 
apparatus  consists  of  rectangular  wooden 
frames,  alternating  with  lead  plates  which 
support  the  platinum  gauze,  packed 
together  in  a  frame  like  a  filter  preso, 
with  rubber  gaskets  between.  A  great 
many  cells  Lhiis  occupy  only  a  very  little 
,  space,  the  current  passing  from  one  cell 
to  the  next  in  series.  The  rapid  mixture 
of  the  primary  anode  and  cathode  pro- 
ducts is  brought  about  by  the  hydrogen 
bubbles  formed  at  the  cathode  and  the 
rapid  circulation  of  the  electrol)^.  The  chloride  solution  enters  the 
apparatus  at  about  20°  C,  it  leaves  it  at  about  70°  C,  carrying  about 
3  per  cent  KCIO3.  It  passes  to  a  refrigerator,  where  the  chlorate  crys- 
tallizes out,  and  after  resaturation  with  potassium  chloride  and  adjust- 
inent  of  the  free  acid  goes  back  into  process,  the  entire  operation  being 
continuous  and  practically  automatic.  The  temperature  of  the  cell  is 
controlled  by  the  rate  of  flow  of  the  electrolyte. 

Owing  to  the  much  greater  solubility  of  sodium  chlorate,  this  process  Is 
not  suitable  for  its  production.  In  the  production  of  sodium  chlorate  an 
electrolyte  of  salt  and  a  little  calcium  hypochlorite  is  used,  and  electrolysia 
b  continued  until  the  sodium  chlorate  has  reached  a  concentration  of 
about  700  grams  per  liter.  The  electrolyte  is  kept  saturated  with  sodium 
chloride  throughout. 

Bromine.  Bromine  is  majiufactured  from  the  bromides  of  the  alkali 
and  alkah-earth  metals.  These  salts  do  not  occur  in  nature  in  quantity 
in  high  concentration  and  are  alwaj's  associated  with  large  quantities 
of  chlorides.  The  bromides  accumulate  in  the  mother  liquors  from 
which  the  chlorides  have  been  extracted.  Such  mother  liquors  serve 
as  the  chief  raw  material  of  the  bromine  industry. 
■  The  principal  sources  are  the  mother  liquors  of  various  salt  wells  in 
the  United  States  (Michigan  and  Natrona,  Pa.),  and  mother  liquors 
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from  the  manufacture  of  Camallite  at  Stassfurt,  Germany.  The  Car- 
Dallite  mother  liquors  cont^n  about  -ff%  bromine  in  the  form  of  mag- 
nesium bromide.  The  concentration  of  the  American  mother  liquors 
is  higher  and  haa  enabled  the  American  producers  to  wrest  a  considerable 
share  of  the  world's  market  from  their  forsign  competitors  who  at  one 
time  enjoyed  a  practical  monopoly. 

From  such  mother  liquors  bromine  is  liberated  either  by  the  action 
(rf  chlorine  or  by  direct  electrolyas.  The  former  method  (Process  of 
Dew,  etc.),  is  simpler  and  probably  cheaper  and  better.  It  depends 
upon  the  simple  reaction 

MgBrs+Cb  =  MgCl2+Br2. 

The  mother  liquor  containii^  bromide  is  caused  to  meet  a  stream 
of  chlorine  on  the  counter  current  principle  in  a  stoneware  tower*,  which 
may  be  of  the  Lunge  plate  tower  type  or  filled  with  stoneware  balls  to 
increase  the  surface  of  contact.  The  amount  of  chlorine  is  regulated 
BO  that  practically  all  is  used  up  in  the  liberation  of  bromine  so  that  the 
secondary  formation  of  bromine  chloride  is  minimised.  A  large  part 
of  the  IHierated  bromine  remains  dissolved  in  the  liquor  flowing  from 
the  reaction  tower.  It  is  collected  in  granite  wells  and  heated  to  boiling 
with  live  steam  which  expels  the  bromine.  .This  is  condensed  in  stone- 
ware worms.  The  crude  bromine  contains  about  2  to  4  per  cent  chlorine. 
The  chlorine  may  be  ranoved  by  treatii^  with  ferrous  bromide  solu* 
tion  and  redistillii^,  the  chlorine  being  held  back  as  ferrous  chloride, 
'i  l.e  crude  bromine  may  also  be  purified  by  being  heated  very  alowiy 
to  a  p(»nt  just  below  the  boiling  point  of  bromine  and  held  at  this  tem- 
perature (59°  C.)  for  thirty-six  to  forty  hours. 

The  electrolytic  processes  depend  upon  the  fact  that  bromides  decom- 
pose at  a  lower  voltage  than  chlorides  and  hence  are  first  decomposed. 
Diaphragm  cells  are  used.  Owing  to  the  low  concentration  and  the 
large  bulk  of  Uquid  to  be  handled  the  efficiency  ia  tow. 

In  the  processes  depending  on  displacements  by  chlorine,  the  chlorine 
may  be  generated  vi^hin  the  liquor  by  the  action  of  muriatic  acid  on 
manganese  dioxide,  but  the  use  of  externally  generated  chlorine  is  mmpler 
and  ^ves  a  better  control  of  the  process. 

Instead  of  boiling  out  the  bromine  from  the  chlorinated  mother 
liquor  with  Uve  steam  it  may  be  expelled  by  a  current  of  air  and  absorbed 
from  the  bromine  laden  air  in  a  solution  of  pure  bromide  such  as  ammonium 
bromide  in  which  bromine  is  much  more  soluble  than  in  a  solution  carry- 
ing large  amounts  of  chlorides  (Dow  process)  and  then  worked  up  into 
commercifd  bromides.  Or  bromine  may  be  absorbed  from  the  bromine 
laden  air  with  a  solution  of  an  alkah  carbonate  or  with  a  solution  of  ferrous 
bromide  (Schaefer  process)  which  absorbs  the  bromine,  forming  ferric 
bromide,  from  which  the  pure  bromine  is  readily  recovered  in  a  pure  and 
concentrated  form. 
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Bromine  is  used  in  metallui^  (bromo-oyaoagen  procesa),  in  the 
irimufacture  of  bromides  for  u«e  in  pbanoacy  and  the  photographic 
iadustries,  and  also  as  a  dionfeetant. 

Iodine.  The  chief  sources  of  iodine  are  the  mother  Uquons  from 
the  refining  of  Chilean  nitrate  ot  soda  and  the  ashes  of  sea  weeds.  About 
500  tons  per  annum  are  produced  frcou  the  f onner  source  and  200  from 
the  latter. 

The  nitrate  mother  liquors  contun  up  to  about  25  per  cent  sodium 
iodate.  The  iodine  is  liberated  by  the  addition  of  sodium  sulphite  and 
acid  sodium  sulphite  (from  SO3)  in  calculated  amount. 

2NaI03+3NaS08+2NaHSOi,-5Na^4+l2+HaO. 

The  iodine  is  filtered  off  and  purified  by  sublimation  in  cylindrical 
iron  retorts  with  stoneware  receivers,  or  by  distiQatioB  with  steam. 

The  ashes  of  sea  weeds  contfdn  iodine  in  the  form  of  sodium  iodide. 
The  ashes  are  l)xi^'iated  with  water  and  the  iodide  separated  by  fracti(nud 
crystallization.  The  iodine  is  then  separated  from  the  iodide  solution 
by  the  action  of  chlorine,  sconetimee  generated  wttbin  the  stdution  by 
the  action  of  muriatic  acid  on  manganese  dioxide 

2NaI+Cla-2Naa+l2- 
Iodine  and  iodine  compounds  have  very  valuable  therapeutic  pn^jcrties. 
Iodine  is  used  in  the  amUne  ctdor  industry,  in  ^  manufactwe  ot  iodo- 
tonn,  uid  in  the  iwoductiao  of  pure  potaamum  iodide,  whicii  is  laii^ 
used  in  medieme  and  i^tography. 
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CHAPTER  IX 

ELECTROCHEMICAL    INDUSTRIES 

WALTEB  8.  LANPI8, 
Cki^  Tedatologitt,  American  Cyanamid  Co.,  Nme  York  City. 

Bt  industrial  electrochemistry  we  mean  the  a{^>Bcation  of  electricity 
to  the  manufacture  of  (Jtemical  compounds.  The  electric  current  may  be 
utilised  in  two  ways:  First,  the  deoompoeing  effect  (^  a  direct  current 
when  passed  through  solutions  or  molten  baths  causes  a  separation  of  the 
same  into  constituents  which  may  be  of  c<»Dmercial  value  as  such  or  else 
be  eauly  conTerted  into  valuable  products;  second,  the  cuir^it  may  be 
used  for  its  heating  effect,  causing  combinatiwis  of  elemoits  or  compoimds 
which  cannot  be  made  to  take  place  in  ordinary  furnaces,  or  which  might 
suffer  contamination  if  made  to  take  place  in  such  furnaces.  We  call  the 
first  t3rpe  of  op»«tions  electrolytic  processes  and  the  seoond  type  eleo- 
trotbwmal  processes. 

Caostlc  Soda.  By  far  the  most  important  of  the  first  type  of  process 
at  the  presMit  time  is  the  production  of  caustic  soda  from  comm<Hi  salt, 
which  has  been  covered  in  the  previous  chapter  together  with  the  produc- 
tMm  of  chlorine,  hypochlorite,  and  chlorate. 

Plpnents.  The  electrolytic  manufacture  of  pi^oents  has  attracted  a 
great  deal  of  attention,  but  up  to  the  present  time  has  attained  no  great 
promin^ice  because  of  the  many  unsolved  technical  difficulties.  The 
production  of  white  lead  by  the  electrolytic  dissolution  of  a  lead  anode 
and  subsequent  precipitation  of  the  basic  carbonate  has  been  in  conuner- 
cial  use,  but  is  now  abandoned.  The  electrolyte  used  consisted  of  a  dilute 
solution  of  sodium  carbonate  to  which  was  added  a  much  larger  portion  of 
a  sodium  s^t  whose  acid  radicle  formed  with  the  lead  a  soluble  compound. 
Chlorate  or  nitrate  was  used  fm  this  purpose,  it  having  been  found  that 
the  use  of  such  a  salt  in  the  bath  prevented  the  lead  carbonate  formed 
bom  adhoing  to  the  anode  and  so  insulating  it.  The  caustic  formed  at 
the  cathode  of  the  cell  was  immediately  neutraliied  by  the  introduction 
of  a  current  of  carbon  dioxide,  thus  st^^lying  the  ingredients  used  in  the 
proeesB  directly  as  sheet  lead  anode  and  gaseous  carbon  dioxide.  The 
greatest  difficulty  met  with  in  the  cmnioereial  operation  was  the  dropping  of 
small  pieces  of  undissolved  anode  into  the  deposit  of  white  lead  at  the 
bottom  of  the  cell  which  caused  poor  color.  Another  difficulty  was  the 
crystalline  nature  of  the  deposit  at  times  obtained.    More  study  of  the 
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proper  conditions  for  operating  this  process  must  be  made  to  insure  its 
success.  Lead  chromate  can  also  be  obtained  in  the  same  manner  by  using 
a  bath  of  potassium  dichromate  and  nitrate,  regenerating  the  solution  with 
chromic  acid. 

The  sidphides  of  cadmium,  antimony,  etc.,  have  also  been  made  by  the 
use  of  these  metals  as  anode  in  a  solution  of  sodium  hyposulphite,  thouf^ 
the  process  has  never  attained  much  commercial  prominence. 

Oxygen  and  Hydrogen.  The  demands  for  the  gases,  oxygen  and  hydro- 
gen for  welding  purposes,  and  hydrogen  for  the  hardening  of  fats,  has 
within  recent  years  grown  very  considerably.  Where  essentially  pure 
gases  are  demanded  on  a  small  scale  the  electrolytic  method  of  producing 
them  has  as  yet  found  no  competitor.  The  fractionating  of  liquid  air 
for  the  production  of  oxygen  undoubtedly  produces  this  material  at 
lower  cost  than  the  electrolytic  process,  but  its  purity  rarely  exceeds  95 
per  cent  whereas  electrolytic  oxygen  can  be  obtained  with  less  than 
.2  per  cent  of  impurity.  At  the  same  time  in  the  production  of  electrolytic 
oxygen  there  is  obtained  hydrogen  as  a  by-product,  thi^  hydn^en  beit^ 
readily  purified  to  99.9  per  cent,  and  at  a  reasonably  low  cost  if  proper 
credit  for  oxygen  is  pven. 

There  have  been  innumerable  cells  devised  for  the  ■  production  of 
oxygea  and  hydn^en  in  times  past,  but  at  the  present  time  development 
is  tending  toward  what  is  known  as  the  unit  type  cell,  or  rather  the  cell 
containing  one  element  of  anode  and  cathode.  These  cells  are  essentially 
steel  boxes  coated  with  enamel  or  protective  paint,  both  inside  and  outside, 
'and  for  electrolyte  they  use  a  solution  of  caustic  soda.  Perforated  steel  ' 
plates  form  the  anode  and  cathode,  a  small  dependent  one  being  usually 
•connected  with  the  positive  terminal  of  the  electric  circuit,  and  a  pair  sur- 
round with  an  asbestos  diaphragm  and  spaced  equidistant  from  the  central 
plate  being  connected  as  a  multiple  cathode.  The  two  gases,  oxygen  and 
hydrogen,  are  taken  off  the  cell  through  suitable  conductors  and  led  to  gas 
holders.  The  only  attention  such  cells  need  is  to  keep  them  fiBed  with 
distilled  water  at  the  rate  of  about  1  gallon  per  ICO  cu.ft.  of  oxygen  pro- 
duced. The  standard  type  of  such  electrolyzer  produces  7,r3  cu.ft.  of 
oxygen  per  1000  ampere-hours,  and  double  this  quantity  of  hydrogen. 
The  E.M.F.  of  the  different  types  of  cells  varies  somewhat  with  the  cell, 
being  approximately  2  to  2)  vfAia. 

Calcium  Carbide.  When  lime  and  carbon  are  mbced  together  in  proper 
proportions  and  the  mixture  heated  to  sn  extremely  high  temperature  the 
lime  is  reduced  and  the  metallic  calcium  unites  with  the  excess  of  carbon 
present  to  form  the  carbide,  CaCa.  In  general  the  electric  arc  is  used  as 
the  source  of  heat,  though  resistance  systems  have  been  more  or  less  suc- 
cessfully employed.    The  reaction  which  takes  place  in  the  furnace  is: 

CaO+3C  =  CaC2+CO. 

this  reaction  would  require  a  mixture  of  875  parts  by  weight  of  lime  to 
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563  parts  of  carbon,  thoi^h  in  actual  practice  the  proportion  of  carbon 
used  for  the  above  quantity  of  lime  rises  as  high  as  650  parts,  the  excess 
being  consumed  in  other  ways  than  by  the  above  reaction. 

The  original  carbide  furnace  consisted  merely  of  a  basin  into  which 
dipped  two  electrodes  between  which  an  arc  was  sprung,  the  reacting 
mixture  ))eing  fed  directly  into  the  arc.  The  melting-point  of  the  carbide 
is  in  the  neighborhood  of  1800°  C,  and  so  the  mass  sets  almost  as  fast 
as  formed.  When  the  basin  was  full  of  set  carbide  the  whole  was  removed 
from  under  the  electrodes,  allowed  to  cool  and  the  carbide  dug  out.  The 
operation  was  thus  an  intermittent  one,  and  rather  low  energy  efficiency 
was  attained.     A  continuous  furnace  later  replaced  this  primitive  type. 

Fig.  130  shows  one  form  of  this  furnace.  It  consists  of  a  ring  mounted 
on  trunnions,  so  as  to  revolve  in  a  vertical  plane.  The  whole  is  made  of 
cast-iron  segments  bolted  together,  each 
piece  having  its  own  individual  lining  of 
carbon.  Hanging  down  between  the  two 
sides  is  a  carbon  electrode  C  forming  one 
terminal  of  the  circuit,  the  other  terminal 
being  the  carbon  lining  of  the  furnace. 
The  mixture  of  carbon  and  lime  is  fed 
into  an  arc   sprung  between  the  electrode  Fio.  130^ 

and  the   furnace   walls.      As  the   carbide 

is  formed  the  furnace  is  revolved  away  from  the  electrode,  making 
space  for  more  product,  cover  plates  A  being  put  on  as  necessary.  As  the 
furnace  revolves  the  material  inside  cools,  and  by  the  time  it  reaches  the 
side  opposite  the  electrode  is  so  cold  that  the  side  and  cover  plates  on  thia 
nde  may  be  removed  and  the  carbide  taken  out,  the  side  plates  again 
being  reassembled  at  the  top.  In  this  way  the  furnace  can  be  run  continu- 
ously. Another  form  of  this  furnace  uses  instead  of  the  carbon  lining  of  the 
furnace  for  one  of  the  poles  another  electrode  directed  towards  the  first  one, 
between  which  the  arc  is  sprung  and  the  material  fed.  The  furnace  in  use 
at  Niagara  Falls  is  of  this  latter  type.  It  is  8  ft.  in  diameter,  the  outer  ring 
being  about  24  ins.  deep.  It  revolves  once  in  twenty-four  hours.  With 
an  energy  consumption  of  500  horse-power,  one  furnace  will  produce  2  tons 
of  carbide  per  day.  Only  about  40  per  cent  of  the  heat  equivalent  of  this 
energy  is  absorbed  in  the  reactions. 

Late  developments  in  the  carbide  industry  have  brought  about  the 
adoption  of  a  multi-phase  tapping  furnace  of  considerably  larger  energy 
capacity.  These  furnaces  are  simply  large  steel  boxes  lined  with  refractory 
material  and  are  built  in  capacity  up  to  2C,C(X)  H.P.,  this  latter  type  using 
at  least  six  electrodes  arranged  in  two  three-phase  circuits.  Puch  a  fur- 
nace shows  a  very  considerable  economy  in  labor  over  the  smaller  tj'pes 
in  use  a  few  years  ago,  as  well  as  an  increa£ed  output  per  unit  of  power 
consumed.  With  a  furnace  charge  consisting  of  very  pure  lime  crushed 
to  ^g  size  and  a  chestnut  coke  containing  90  per  cent  fixed  carbon,  the 
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charge  being  proportionately  60  per  cent  lime  and  40  per  cent  coke,  it 
is  not  unusual  to  obtain  yields  of  over  II  lbs.  of  88  per  cent  carbide  per 
horse-power  day.  In  Europe  these  large  furnaces  are  oft^i  built  of  an 
enclosed  type  and  the  hot  gases  evolved,  consisting  largely  of  CO,  are  led 
through  flues  to  points  of  utilization,  such  bb  lime  kilns  and  boiler  plants. 
There  seems  to  be  no  limit  of  size  in  which  these  furnaces  can  be  built 
except  that  imposed  by  dimensions  of  available  electrodes  (rf  suitable 
<]ua]ity,  of  transformers,  and  of  conductors. 

Artificial  AbrastveB.  Alundum.  Cf  recent  years  there  has  been  mariced 
increase  in  the  production  of  artificial  abrafives.  The  moat  important 
and  the  earliest  developed  of  these  substitutes  was  carborundum,  which 
will  be  described  later.  This  material,  however,  while  extremely  hard 
and  possessing  excellent  cutting  powers,  is  at  the  same  time  verj'  brittle 
and  for  many  purposes  ha£  not  proven  a  Eati^factory  substitute  for  natural 
emery.  Attempts  have,  therefore,  been  made  to  produce  an  artificial 
corundum  or  crystallized  alumina  and  this  industry  at  the  present  time  is 
developed  on  a  large  scale. 

T^  general  princit^e  underlying  the  production  of  artificial  corundum, 
which  iq)pears  on  the  market  under  various  names,  alundum,  aloxite, 
crystolon,  etc.,  is  the  differential  reduction  of  an  aluminum  ore.  £!uch 
ores  contain  various  impurities  as  silica,  oxides  of  iron,  oxides  of  titanium, 
etc.,  and  mixed  with  a  reducing  agent  high  in  fixed  carbon  in  Buch  propor- 
tions as  to  permit  of  a  reduction  of  practically  all  the  unpurities  with  only 
a  small  amount  of  the  alumina.  The  whole  mass  is  melted  down  in  a  com- 
bination arc-resiBtance  type  of  electric  furnace.  The  fumacing  of  such 
,  a  mixture  produces  a  fused  mass  which  separates  into  layers,  the  heavier 
met^c  impurities  settling  to  the  bottom,  upon  which  floats  the  mass  of 
fused  alumina.  In  most  cases  it  is  not  advisable  to  tap  this  mass  out  of 
the  furnace,  and  smelting  is  carried  on  until  the  hearth  of  the  flUTiace  IB 
filled  with  the  desired  product  when  it  is  torn  down  and  the  fused  mass 
dug  out  of  the  cooled  hearth,  hand  picking  readily  separating  the  fused 
ahunina  from  the  metallic  alloy  in  the  bottom  of  the  hearth. 

The  production  of  these  materials  is  quite  a  complex  art  in  itself, 
as  various  proportions  of  impurities  are  desired  in  the  unreduced  state  in 
the  alumina  their  presence  promoting  different  degrees  of  hardness  or 
toi^hness.  "Hie  character  of  crystallization  is  siso  an  important  factor 
in  determining  physical  properties  and  proper  cooling  of  the  fused  mass 
must  not  be  overlooked. 

Carb<n~undum.  When  sOica  is  heated  to  a  very  h^  temperature  in 
contact  with  an  excess  of  carbon  a  carbide,  SiC,  is  formed.  This  is  the 
well-known  abrasive  called  carborundum.  The  reactions  by  which  it  is 
made  may  be  represented  as: 

Si02+3C=SiC+2CO 
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Tbe  arc  funtaoe  used  in  the  production  of  calcium  carbide  or  alundum 
canDOt  be  employed  in  the  manufacture  of  carborundum,  because  of  the 
liability  of  OTerbeatii^.  Although  a  high  temperature  is  needed  for  its 
formation,  if  that  temperature  is  exceeded  metallic  silicon  will  be  vola- 
tilized from  the  formed  carborundum  and  graphite  will  be  left  behind.  It 
was  this  accid«ital  dbcovery  that  led  to  the  development  of  the  artificial 
graphite  industry  to  be  described  later.  In  practice  the  carborundum 
furnace  oonnsts  of  a  bed  of  firebrick  16  ft.  loi^  and  5  ft.  wide  serving  as 
a  permanent  foundation.  The  rest  of  the  furnace  structure,  as  the  end 
and  side  walls,  are  laid  dry  and  torn  down,  and  replaced  with  each  run 
of  the  furnace.  The  mixture  with  which  the  furnace  is  ehat^jed,  3.5  tons 
of  carbon,  6  tons  of  sand 
and  1.5  tons  of  salt  iq  next 
shoveled  on  this  foimdation, 
carrying  up  with  it  the  »de 
fjf^  I3J,  walls  as    necessfiiy  for  its 

retentiini.  Throu^  the 
center  of  this  mixture  M,  in  Fig.  131,  is  placed  a  core  of  granulated 
carbon  which  serves  as  the  resistor,  for  the  development  of  the  electrical 
beat  in  tbe  fUmac«.  The  ends  of  this  core  are  in  contact  with  the 
pennan^it  ead  condections  E  consisting  ttf  carlxHi  bars  between  which 
the  copper  conductors  at«  laid.  Such  a  furnace  takes  about  1000  horso- 
powe/  and  runs  for  36  hours,  at  the  end  of  which  time  3  to  4  tons  of 
commercial  cuboruildum  have  been  made.  After  such  a  run  the  gran- 
ulated coke  forming  the  heating  core  has  been  graphttised,  and  immedi- 
ately surrounding  and  in  cfHitact  with  it  is  a  layer  of  graphite  produced 
from  overheating  the  carborundum  first  formed  there.  Surrounding 
this  graphite  is  the  crystallized  carborundmn  in  a  layer  a  foot  OT  more 
thick,  beyond  which  is  found  the  reduced  and  uncrystallized  carbide, 
the  partidty  reduced  mixture  and  finally  tmaltered  mixture.  The  last 
three  products  are  usually  charged  back  into  the  next  furnace  run, 
though  an  attempt  has  been  made  to  utilize  the  partially  reduced 
material  as  a  refractory.  Fig.  132  shows  such  a  furnace  in  operation, 
tbe  carbon  mtmoxide  being  ignited  and  burning  as  it  isaues  between  the 
taicks  forming  the  aide  walls  of  the  furnace. 

Artificial  Graphite.  The  overheating  of  a  carborundum  furnace  led  to 
the  discovery  that  by  suitable  decomposition  of  a  carbide  graphite  is  left 
behind.  Heating  of  pure  carbon  will  not  transform  it  into  graphite,  it 
having  first  to  pass  through  the  state  of  a  carbide,  which  requires  that  some 
met^  or  metijlic  oxide  be  mixed  with  it.  In  practice,  anthracite  cany- 
ing  8  to  10  per  cent  ash,  uniformly  distributed  through  it,  is  used  for  tbe 
furnace  chaige.  It  may  be  either  moulded  into  shape  first  and  then 
grsphitized,  or  else  graphitixed  in  powdered  form  and  then  used  for  all 
purposes  of  ordinary  graphite.  It  is  practically  pure,  running  over  99.5 
per  cent  graphite,  all  the  other  impurities  having  been  volatilized  at  the 
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temperature  of  the  furnace.  Fig.  133  shows  the  furnace  used  for  graphitiz- 
ing  small  carbon  electrodes.  These  small  electrodes  are  packed  transversely 
into  the  furnace,  which  bears  some  resemblance  to  the  carborundum  fur- 


Fia.  132. 

nace.  Between  the  piles  of  electrodes  thin  layers  of  granular  carbon  are 
inserted  and  the  whole  furnace  covered  over  with  carborundum  residue. 
The  current  is  led  in  through  the  massive 
electrodes  at  the  end  and  traverses  both 
the  pile  of  electrodes  and  the  granular 
packing.  The  major  portion  of  the  heat 
Fia.  188.  is  generated  in  the   granular  portion  of 

the  circuit.  Such  a  furnace  is  15  ft, 
long  and  consumes  1000  horse-power,  the  run  being  about  20  hours. 
Both  the  carborundum  furnace  and  the  graphite  furnace  are  the  inven- 
tion of  Mr.  E.  G.  Acheson,  of  Niagara  Falls,  N.  Y. 

Ozone.  The  passage  of  a  current  of  air  through  a  narrow  space 
between  two  metallic  conductors  connected  to  the  terminals  of  a 
high  tension  alternating-current  circuit  tends  to  transform  the  oxygen 
present  into  ozone  through  the  medium  of  the  silent  electric  dischai^ 
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taking  place  through  the  current  of  ait.  This  ozone  is  now  rapidly  making 
a.  field  of  usefulness  for  itself  in  the  sterilization  of  drinking  water;  A 
plant  for  the  sterilization  of  2700  gallons  of  water  per  hour  by  this  system 
is  shown  in  Fig.  134.  This  plant  uses  the  Siemens  and  Halske  system  of 
generation,  the  osone  cells  being  the  two  rectangular  boxes  on  the  top  of 
the  shelf.  Each  box  contains  a  series  of  glass  tubes  lined  with  tin  foil, 
inside  of  which  is  a  concentric  tube  covered  with  tin  foil.  Carefullydried 
lur  is  passed  between  the  two  metallic  surfaces  which  are  connected  with 
the  high-tension  circuit. 


Fta.  134. 

The  output  of  a  single  tube  is  small,  varying  from  5  to  50  grams  of 
ozone  per  kilowatt^hour  of  energy  input.  Since  only  5  per  cent  of  the 
energy  is  efficiently  used  in  chemical  reactions,  and  95  per  cent  is  trans- 
formed into  heat  to  be  absorbed  in  some  manner  or  other,  varying  with 
the  apparatus,  we  can  see  the  reason  for  the  small  unit. 

Numerous  inventors  are  at  present  turning  their  attention  to  the  pro- 
duction of  ozone  in  an  efficient  apparatus  capable  of  working  under  more 
adverse  conditions  of  dust  and  moisture  than  the  present  apparatus 
is  capable  of  doing,  for  the  product  is  finding  a  lar^e  demand  for  bleaching 
paper  pulp,  wax,  oils,  flax,  etc. 

It  must  not  be  supposed  that  the    preceding  processes  represent  a 
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00tnt4et«  list  «£  eiectrachemioal  industriea.  The  Application  of  electricily 
to  ioduetfia]  cfaemistry  is  so  reoeat  and  competition  so  active  that  there 
Are  many  more  applications  which  are  in  process  of  developinent.  The 
changes  in  this  Beld  a/K  so  rapid  that  what  appears  standard  practice  to-day 
may  be  obsolete  to-morrow.  The  descriptions,  however,  of  the  better 
developed  and  applied  processes  will  serve  at  least  to  give  some  ideas  fA 
the  eoov«^«iee  of  the  electric  current  in  certain  Koes  of  woric. 

Oarbon  Bisu^Mde.  FractJcally  all  the  carbon  bisulphide  used  in 
the  United  States  to-day  is  made  in  the  electric  furnace.  This  fumsce 
Gon^Bta  of  a  tall  shaft  divided  by  an  inside  wall  into  two  annular  spaces, 
united  below  in  a  commm  hearUi.  The  inade  shaft  is  kept  filled  with 
charcoal  and  the  outnde  ring  with  sulphur.  Electrodes  pass  through 
the  hearth  walls  into  the  charcoal  chamber.  The  electric  heat  generated 
in  the  furnace  warms  up  the  sulphur  and  charcoal,  the  sulphur  vapors 
riung  up  ttftoi^h  the  hot  charcoal  and  reacting  when  a  zone  of  suitable 
temperature  is  reached.  The  carbon  bisulphide  vapors  are  taken  from 
the  top  of  ihe  furnace  through  iron  pipes  and  led  to  suitable  condensers. 
These  furnaces  are  practically  automatic  in  operation;  when  they  get  too 
hot  sulphur  melts  in  the  out«  ring  and  runs  down  into  the  crucible, 
covering  up  part  of  the  electrodes,  thus  increasii^  the  rerastance  and  so 
lessening  the  energy  consumed  in  the  furnace.  The  revMse  phenMnena 
take  place  as  the  furnace  cools  down  below  nannai. 

Phosphonis.  Like  most  electrochemical  industries,  tin  production 
of  phosphorus  through  the  assistance  of  the  electric  current  has  reached 
enormous  proportions,  without  the  outside  world  learning  tnuch  of  the 
detiuls  of  operation.  No  details  are  available  of  the  femace  used, 
though  the  process  iteelf  is  probably  conducted  as  follows: 

Readman  Proceaa.  Triealcium  pho^hate  in  the  form  of  phosphate 
rock  or  bone  ash  is  fused  with  some  form  of  carbon  uid  silica  in  a  closed 
electric  furnace,  the  reactim  being 

Ca3Pi08+3Si02+5C  =  3CaSi03+p2+5CO. 

The  phosphorus  vapor  and  carljon  monoxide  gasea  are  conducted  from 
the  top  of  the  furnace  throTigh  a  condenser  and  deliver  Uquid  phosphorus. 
The  yield  of  phosphorus  is  estimated  to  be  about  2  pounds  per  electric^ 
hoTse-power-day. 

Attention  has  recently  been  attracted  to  the  possibility  of  producing 
phosphoric  acid  and  its  allied  compounds  by  the  use  of  the  electric  fur- 
nace. The  fusing  of  a  charge  of  phosphate  rock,  sUica  and  carbon  in  a 
closed  electric  furnace,  as  noted  above,  produces  phosphorus.  The 
yield  per  unit  of  power  consumed  is  rather  low  and  the  recovery  from  the 
charge  is  not  high.  The  Readman  process,  as  above  described,  is  not 
suited  to  the  production  of  cheap  phosphoric  acid  on  a  large  scale,  although 
ft  is  technically  possible  to  produce  the  acid  by  an  oxidation  of  the  phos- 
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phcffOB  and  recovery  in  suitable  absorptioB  a^qiaratas.  However,  by 
soitably  changing  the  propcfftions  of  rock,  eilica  and  carbon,  one  can  obtain 
t^  fumacii^  this  material  in  a  cloned  type  dectric  furnace,  a  considerably 
lai^r  yield  of  combined  phoepkorus  and  phosphoric  acid  at  sufficiently 
low  costs  to  enalt^  possible  competition  with  other  processes.  In  this 
process  a  considerable  proportion  of  the  [Aioepboric  acid  is  displaced  by 
silica,  and  the  charge  is  cleaned  up  of  the  last  portions  of  phosphoric  acid 
which  cannot  be  evolved  by  direct  replacement,  by  reduction  of  the  phoe- 
I^KMic  acid  to  phosphorus  and  evolution  as  such.  The  gasee  from  the 
furnace  are  then  oxidized  in  suitable  chambers  so  that  ■  the  ultimate 
IHoduct  of  the  furnace  is  wholly  P2OS,  which  is  absorbed  in  water  in  suit- 
able con<^ntrati<Hi  towers  to  form  phosphoric  acid.  This  may  be  either 
changed  to  ammonium  [dioepbate  or  be  used  to  make  double  superphos- 
phate, such  as  find  places  in  the  fertilizer  industry.  Much  experimental 
work  has  been  dene  in  an  attempt  to  make  this  process  ctnnmercial  and  it 
affords  certain  possibilities  of  successful  solution  at  this  stage  of  develoi>- 
ment. 

fixation  of  Nitrogen.  Arc  Process.  With  the  outbreak  of  the  Euro- 
pean war  certain  of  the  countries  were  forced  to  look  elsewhere  for  nitrates 
than  the  importation  of  Chilean  nitrate,  and  they  naturally  turned  to  the 
fixation  of  atmospheric  nitrc^en  as  a  solution  of  their  difficulty.  It  was 
long  known  that  the  [uasage  of  a  current  of  ur  through  an  electric  arc 
caused  a  combination  of  the  nitrogen  and  oxygen  to  form  an  oxide  of  nitro- 
gen, which  latter  may  then  be  readily  converted  into  nitric  acid,  or  a 
correqionding  nitrate.  In  Norway  this  process  has  been  developed 
on  a  large  scale  and  ia  at  the  present  time  using  about  4fiO,000  H.P.  Two 
types  of  apparatus  are  there  in  use  for  causing  a  combination  of  the 
nitrogen  of  the  atmos^ere  with  its  accompanying  oxygen,  known  reflec- 
tively as  the  Birkeland-Eyde  furnace  and  the  Schonherr  furnace.  Be> 
velopments  are  wholly  toward  ext^iding  the  use  <^  the  Birkeltuid-Eyde 
furnace  because  they  can  be  built  in  units  of  very  large  size. 

In  the  Birkeland-Eyde  furnace  an  arc  is  sprung  between  special  ter- 
minals of  an  alternating  current  circuit,  and  spread  out  into  a  broad, 
fiat  sheet  of  fiame  by  means  of  suitable  electro-magnets.  Through  this 
fiat  arc  is  forced  a  current  of  air  which  ia  rapidly  heated  to  between  2500 
and  3000°  C.  and  very  ra^dly  cooled  down  to  below  1500°  C.  by  the 
peculiar  construction  of  the  fumaca 

In  ih&  arc  the  oxygen  and  nitrogen  of  the  air  combine  to  form  nitric 
oxide.  The  gases  leaving  the  furnace  average  between  1  and  2  per  cent 
<^  NO.  By  a  suitable  regenerative  system  the  gases  are  cooled  to  approxi* 
mate^  1000°  C.  and  thence  further  cooled  by  passii^  through  boilers  and 
aluminum  coolers  until  they  reach  nearly  atmospheric  temperatures. 
They  are  then  passed  into  large,  open  towers  of  acid-proof  masonry  where 
the  NO  fwmed  in  the  arc  mcidizes  to  NO3  and  polymerizes  to  N1O4. 
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This  red  gas  is  then  passed  Joto  a  series  of  absorption  towers  operating  on 
a  counter-current  principle  and  washed  with  water  or  dilute  nitric  acid, 
whereby  the  nitrogen  peroxide  is  further  oxidized  and  absorbed  as  nitric 
acid.     In  such  a  counter-current  system  of  tower  washing  85  to  90  per  cent 
of  the  combined  nitrogen  of  the  furnace  gases  is  absorbed  in  the  form  of 
nitric  acid,  the  final  solution  of  which  contains  between  30  and  35  per  cent  of 
HNO3.     An  additional  recovery  of  the  nitric  gases  is  obtained  by  adding 
to  the  acid  absorption  tower  system  a  further  series  of  iron  towers  washed 
by  soda  solutions  and  in  which  sodium  nitrate  and  nitrite  are  produced. 
The  products  of  such  a  plant  are  dilute  nitric  acid,  nitrate  and  nitrate 
of  soda,  and  by  further  treatment  these  can  be  converted  into  concentrated 
nitric   acid,  nitrate  of  lime,  am- 
monium nitrate  and  nitrate  and 
nitrite  of  soda  in  crystalline  form. 
Iq  Fig.  135  is  shown  a  sec- 
tional view  of  a  Birkeland-Eyde 
furnace  in  which  0  is  one  ter- 
minal of  the  alternating  current 
arc,  N  and  S  poles  of  the  electro 
mf^et.    The  arc  is  spread  out 
into  a  large  circular  disc  in  the 
space  between  the  fire  brick  sides 
of  the  furnace  with  axis   corre- 
sponding   to    the  poles  of  the 
electro  magnet.    These  sides  are 
perforated  for  the  admission  of 
air  across  and  through  the  arc. 

Fig.  136  is  a  view  of  the  fur- 
nace room  of  the  Birkeland-Eyde 
plant  showing  a  number  of  these 
P      ,„  drum  type  furnaces  in  operation. 

Fig.  137  b  a  view  of  the  top 
of  the  absorption  towers  showing  the  distributing  system  for  insuring 
proper  washing  of  the  gases. 

Fig.  138  is  a  schematic  flow  sheet  of  the  plant  as  a  whole. 
In  Germany  and  Austria-Hungary,  in  France  and  in  Italy  are  other 
arc  process  plants  in  operation.  These  latter  plants  use  what  is  known 
as  the  Pauling  system  of  furnace  construction  in  which  the  arc  is  sprung 
between  curved  electrodes  resembling  the  horns  of  a  lightning  arrester, 
this  arc  being  rapidly  blown  out  by  a  high  pressure  air  jet  directed  upwards 
between  the  gap  of  the  horn.  Systems  similar  to  those  in  Norway  for 
handling  the  gases  produced  are  in  use. 

The  arc  processes  consume  about  13  H.P.  years,  or  more,  per  ton  of 
nitrogen  fixed  in  the  form  of  dilute  nitric  acid.  The  labor  required  is 
considerable  and  the  plant  investment  cost  is  high.    As  a  result  these  proc- 
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esses  have  bo  far  only  found  commercial  development  where  water  power 
and  labor  are  comparatively  cheap.  No  commercial  installation  at  the 
present  time  exists  in  the  North  American  Continent,  but  several  small 
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expenmental  plants  have  been  operated  for  short  periodB  of  time; 
matter  of  record  the  first  serious  attempt  to  devdop  this  [MOcese  was  n 
at  Niagara  Falls  by  Bradley  and  LoTOJoy  in  1502-3. 


Oxidation  of  Ammonia.    When  ammonia  is  mixed  with  air  and  paned 
ever  a  heated  platinum  catalyzer  under  proper  conditions  of  mixing,  tem- 
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perature,  and  rate  of  flow  the  ammociia  burns  to  nitric  oxide  and  water 
vapor.  This  nitric  oxide  can  then  be  tranfifoimed  into  nitric  acid  or 
nitrates  by  the  same  methods  of  manufactm«  as  fu«  used  .in  hanfJImg  ihe 
gases  from  the  electric  furnace  in  the  arc  process. 

Two  Easterns  of  carrying  out  the  process  of  oxidizing  ammonia  have 
been  developed  on  a  very  lai^  scale,  Germany  in  particular  depending  for 
most  of  her  nitric  acid  supply  during  the  war  upon  the  oxidation  of  ammonia. 
The  older  al  the  processes  is  knonn  bs  the  Ostwald  proceES.  In  this 
process  ammonia  and  air  are  mixed  together  in  such  proportions  as  to  have 
available  an  excess  of  oxygen  after  all  the  nitrogen  of  the  ammonia  has 
been  converted  into  nitric  acid.  This  mixture  is  too  dilute  to  bum  of 
itself  or  to  furnish  sufficient  heat  to  maintain  the  catalyter  at  the  desired 
temperature  of  about  700°  C.  Consequently,  the  inventor  resorted  to 
the  preheating  of  the  mixture  of  ammonia  and  air  to  about  350°  C.  before 
passing  it  through  the  catalyter.  The  catalyzer  itself  has  consisted  of 
various  forms  of  platinum  in  the  shape  of  platinized  asbestos,  spongy 
platinimi,  fluted  and  com^^ted  sheets  of  platinum,  perforated  plates,  etc. 
Combustion  takes  place  on  the  surface  of  the  catalyzer,  producing  a  con- 
sideraUe  amount  of  beat  thereto,  and  the  gases  are  led  to  cotJers,  eondof 
sers  and  absorption  towers. 

The  Ostwald  apparatus  is  very  simple,  consigting  of  a  fire  clay  tube 
or  envelope,  inside  of  which  is  [daced  a  nickel  tube.  The  catalyzer  is 
placed  over  the  one  end  of  the  nickel  tube.  The  ammoni&-«ir  mixture 
passes  upwards  between  the  clay  tube  and  the  nickel  tube  and^iecomes 
preheated  by  a  counter-current  syst^n  to  such  degree  as  is  neceesaiy  to 
insure  the  maintenance  of  proper  temperature  on  the  catalyzer.  After 
passing  through  the  catalyzer  the  heated  gases  are  c<mveyed  downwaid 
inside  the  nickel  -tube  and  are  cooled  off  in  preheating  the  maak  <rf  on- 
coming ammonia  and  air  surrounding  the  tube  itseU.  Efficiencies  of 
oxidation  of  ammonia  above  W  per  cent  are  claimed  for  some  of  the  later 
modifications  of  this  process,  but  the  usual  Ostwald  ajiparatus  rarely 
attains  above  80  per  cent.  One  reason  for  this  loss  (tf  efficiency  is  due  to 
the  fact  that  on  preheating  ammonia  it  decomposes  into  its  elements  before 
striking  the  catalyzer. 

A  second  system  of  oxidation  has  been  developed  in  which  ammmia 
is  mixed  with  air  in  the  pn^KHtions  of  f4^»x}ximately  one  volume  of 
ammonia  gas  to  ten  volumes  of  air,  and  the  mixture  passed  through  a  very 
fine  mesh  platinum  gaune  screen.  As  above  noted,  the  oomtanation  in 
air  win  not  take  place  because  the  beat  generated  in  the  reaction  is  not 
sufficient  to  maintain  the  catalyzer  at  the  required  temperatm«.  In  this 
last-named  process  heat  is  sui^lied  to  the  catalyzer  by  connecting  it  as  a 
reskter  ia  an  electric  circuit.  The  consumption  of  dectrical  wtergy  is 
very  small  and  with  reasonable  power  costs  is  fully  c^set  by  the  decreased 
investment  in  equipment  and  the  much  higher  ^ciency  obtained  in  the 
oxidation  of  ammonia,  which  over  long  iwiee  of  tests  has  bera  found  to 
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be  aa  high  as  95  per  cent  and  even  above.  In  this  latter  p 
found  advantageous  to  screen  the  oncoming  current  of  ammonia-air 
mixture  from  the  radiated  heat  of  the  catalyzer  by  interposing  a  cellular 
or  other  type  of  cooler. 

The  gases  from  the  oxidation  towers  are  much  more  concentrated 
in  nitric  oxide  than  those  from  the  arc  furnace,  and  as  a  consequence 
require  very  much  smaller  coolers  and  absorption  tower  space  for  their 
conversion  into  nitric  acid.  Developments  in  the  oxidation  of  ammonia 
and  in  the  absorption  of  the  concentrated  gases  have  been  very  rapid 
within  the  past  two  or  three  years  and  the  processes  are  now  upon  a  firmly 
established  basis  abroad  and  undoubtedly  will  be  in  operation  in  this  coim- 
try  in  the  near  future  as  they  show  themselves  quite  capable  of  producing 
nitric  acid  much  more  cheaply  than  it  can  be  made  from  Chilian  nitrate. 

Cyanamid.  Nitrogen  is  absorbed  by  hot  calcium  carbide,  forming 
what  is  known  in  the  trade  as  Cyanamid.  The  reaction  involved  in  the 
absorption  is  a  reversible  one,  reading  as  follows; 

CaC2+N2fiCaCN2+C. 

This  industry  is  making  rapid  strides,  there  being  some  fourteen  planta 
in  operation  throughout  the  world  prior  to  the  war,  the  bulk  of  the 
product  being  consumed  in  the  fertilizer  industry. 

Calcium  carbide  is  first  made  from  lime  and  carbon  by  the  usual 
electric  furnace  process.  This  carbide  is  then  finely  ground  and  the 
powdered  material  chai^^  into  a  special  form  of  electric  furnace  where 
it  is  kept  at  1000°  C.  Pure  dry  nitrogen,  produced  by  the  copper  or  the 
Linde  process,  is  then  pas&ed  over  the  hot  carbide  and  is  there  absorbed. 
Starting  with  a  carbide  contuning  75  to  80  per  cent  calcium  carbide,  from 
80  to  90  per  cent  of  the  theoretical  amount  of  nitrogen  will  be  absorbed, 
the  faulting  product  being  a  grayisb-black  maas  of  cyanamid,  carbide 
and  lime.     It  conttuns  on  the  average  20  per  cent  nitrogen. 

The  American  fertilizer  manufacturers  require  that  the  material  be 
freed  from  undecomposed  carbide  and  free  caustic  lime  before  they  can  use 
it.  The  product  is  therefore  hydrated  in  specially  designed  rotary  mixing 
apparatus  before  appearing  upon  the  market.  A  small  quantity  of  mineral 
oil  is  added  to  assist  in  keeping  down  the  dust.  This  hydrated,  oiled 
material  is  sold  in  the  United  States  under  the  name  q/armmid. 

It  cyanamid  is  treated  with  superheated  steam  its  nitrogen  content 
ia  quantitatively  evolved  as  ammonia,  according  to  the  reaction: 

CaCN2+3  H20=CaC03+2  NH3. 

Several  lai^  installations  for  the  conversion  of  cyanamid  into  anmionia 
are  in  operation  in  the  United  States,  the  ammonia  being  transformed  into 
various  salts  of  high  purity  at  the  respective  autoclave  plants. 

The  oxidation  of  ammonia  to  nitric  acid. is  an  accomplished  fact, 
the  development  having  received  an  enormous  impetus  since  the  out- 
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break  of  the  European  war.  The  Central  Powers  are  practically  dependent 
upon  the  oxidation  of  ammonia  as  a  source  of  nitric  acid  and  the  cyanamid 
process  and  the  Haber  process  are  furnishing  the  bulk  of  ammonia  to  these 
oxidation  plants. 

When  treated  with  warm  water  dicyandiamid  is  formed: 

2CaCN2+4  H20=2  Ca(0H)2+ (CNNH2)a. 

A  solution  of  calcium  cyanamid  when  treated  with  excess  of  mineral 
acid  forms  urea,  which  can  be  recovered  in  largely  purified  fcnm  by  evapo- 
ration and  crystallization. 

When  fused  with  common  salt  sodium  cyanide  is  formed.  All  of  these 
derivatives  are  becoming  of  greater  importance  as  a  consumer  of  cyanamid 
each  year. 

Haber  Process.  The  synthesis  of  ammonia  from  its  elements,  nitn^en 
and  hydrogen,  has  been'  a  c<Hninercial  accomplishment  since  1913  in 
Germany.  The  present  process  vat,  developed  from  the  work  of  Professor 
Haber  in  whidi  he  found  that  by  mixing  very  pure  nitrogen  and  hydrogen 
in  the  volume-proportions  of  1  :  3  and  passing  the  mixture  under  an 
extremely  hi^  pressure  throi^h  a  catalyser  electrically  heated  to  about 
650"  C.  they  combined  to  form  armronia.  The  process  is  hardly  an 
electrochemical  one  as  only  a  comparatively  small  emoimt  of  electrical 
enei^  for  heating  the  catalyser  enters  into  the  Haber  process,  in  addition 
to  wliicb  there  is  a  considerable  mechanical  erergy  lequirenent  for  com- 
presnon,  etc  Nitrc^en  used  in  the  process  is  prepared  by  fractiohating 
liquid  air.  The  hydrc^en.is  produced  either  by  the  Linde-Frank-Caro 
process  of  fractionating  blue  water  gas,  or  by  a  special  wLter  gas  process 
cfHnbined  with  chemical  purification.'  Both  gases  must  be  extreanely 
pure.  The  mixture  in  the  proper  proportions  is  then  compresbed  to  150 
atmospheres  and  passed  through  a  catalyzer  operated  at  the  temperature 
above  referred  to.  This  catalyze  has  taken  on  varied  forms  and  Ib  made 
of  varied  materials,  iron,  uranium,  manganese,  et«.,  all  having  been 
used  with  considerable  success.  The  gases  leave  the  catalyzing  element 
with  about  10  per  cent  of  their  volume  combined  to  ammonia  and  are 
cooled  sxid  the  hquid  ammonia  condensed  out  or  absorbed  as  desired. 
The  process  itself,  while  using  smaller  quantities  of  power  than  either  the 
arc  or  the  cyanamid  process  uses  much  larger  quantities  of  skilled  labor 
and  cwnpUcated  machinery,  and  up  to  the  present  time,  while  highly 
developed  in  Germany,  has  not  found  a  place  outside  of  that  countiy. 

Aluminum  Nitride.  'Within  recent  years  a  new  carrier  of  nitr^^en  has 
attracted  a  great  deal  of  attention.  If  alimiina  is  heated  with  carbon  in 
the  presence  of  nitrogen  to  about  1900°  C,  AIN  is  formed,  This  lutride 
when  heated  in  an  autoclave  with  caustic  soda  forms  sodium  aluminate 
and  ammonia,  serving  both  as  a  means  of  obtaining  a  pure  alumina  for 
Uie  aluminum  industry  and  for  the  fixation  c^  nitrogen.  Unfortunately 
the  difficulty  of  obtainii^  furnaces  of  the  required  life  are  so  great  as  to 
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preclude  any  fvesetit  succesaful  solution  of  this  proceBS  of  fixing  nitrogen, 
tboi^  much  effort  and  money  is  being  expeoded  in  the  attempt. 

MisoeUaneout  Prooeesea.  There  have  recently  sprung  up  a  Dumber 
of  other  processes  for  the  fixati(Hi  of  atmospheric  nitrogen,  all  of  tJiem  more 
or  lees  related  either  to  the  old  barium  cyanide  process  or  the  cyanamld 
process.  The  priscii^  <A  operation  is  easeatiaUy  that  of  passing  nitrogen 
or  nitrogen-bearing  gases  into  intimate  contact  with  alkali  or  alkaline 
eartji  metals,  either  with  or  witjtout  the  addition  (A  some  f(»m  of  carbon. 
The  products  formed  are  either  nitrides  or  cyanides  oi  the  metal  used, 
and  while  all  are  receiving  very  considerable  stwfy,  none  of  them  has  yet 
reached  a  state  of  even  fair-sieed  commra^a:^  operation.  They  aeetn  to 
offer  poosibihties  for  the  production  of  faigh-|mced  nitrogen  compounds 
such  as  cyanides,  etc.,  but  it  is  questionable  if  they  will  find  a  place  in 
the  greatest  field  of  nitrt^en  consumption — the  fertilizes-  industry. 

Iron  and  Sted.  This  industry  i»obabIy  repree^its  the  hugeet  present 
development  of  the  electrometallurgicid  industries.  It  is  treated  in  more 
deteul  in  the  cliapter  on  "  Tlte  Metallurgy  of  Ircoi  and  Steel." 

Tlie  attempt  to  prepare  pure  iron  by  the  electn^ysts  of  a  ferrous 
a^phate  or  ammonium  ferrous  sulphate  solution,  in  a  manner  similar  to 
^at  used  in  the  eleotrdytic  refining  of  copper,  has  not  met  with  commer- 
cial  success.  High-^rade  iron  and  steel  can  be  made  so  cheaply  by  the 
c^troth«-mio  processes  tliat  an  electrolytic  process  offers  little  chance 
of  coTDmeroialBuccess. 

Perro  ADc^s.  Probab^  th^  largest  single  development  in  the  electro- 
metallui^cal  industry  at  the  present  time  hes  in  the  field  of  the  production 
of  ferro  alloys.  The  European  war  has  forced  American  manufacturers 
to  eater  this  indostry,  and  developments  have  consequently  been  extremely 
rapid. 

Ferro-ailicon  is  made  by  i^ai^ing  into  a  simpie  electric  furnace  with 
<^>en  top,  a  mixture  of  coke  and  silicious  iron  ore,  the  iron  content  depend- 
ing upon  the  grade  of  mtttcnal  to  be  made.  The  product  is  tapped  out 
into  sand  beds  and  broken  i^  for  market. 

A  similar  fomace  to  that  used  in  the  carbide  industry  charged  with 
a  mixture  of  appnndniately  60  per  cent  pure  sites  rock  and  40  per  cent 
coke  yiedds  a  product  cfHitaining  nemly  95  per  cent  siUcon.  This  metal 
is  finding  a  new  place  in  the  msnuhctnre  of  chemically  resistant  cast- 
ings. 

FSarro-ohrome,  femwiiuigaiteae  and  ferro-titanium  are  similariy  made 
by  oedng  chrome,  manganese  and  titanium  or^  in  similar  furnaces.  In  all 
cases  tlie  reducing  agent  is  some  foim  of  fixed  carbon,  usually  a  fai^- 
grade  coke.     Impurities  are  slagged  off  by  use  of  suitable  fiuxes. 

Afauninium.  -  It  has  not  proven  commercially  possible  to  reduce  tlie 
oxide  of  atunonium,  AlzOa,  by  heating  with  carbon.  Instead  of  the 
metal  a  oartade  is  formed.  ElectrolyBis  of  the  oxide  dissolved  in  a  melted 
batii  of  ihe  doable  fiuoride  of  alurainiom  and  sodium  to  which  some 
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calcium  fiuoride  is  added  is  used  universally  in  the  extraction  of  this 
metal.  Aluminium  as  demanded  by  the  trade  must  be  of  a  high  degree 
of  purity,  and  as  the  usual  impurities,  silictm,  titanium,  and  iron  are 
less  readily  oxidizable  than  the  aluminium  itself,  the  usual  furnace 
methods  of  purification  by  oxidation  axe  not  applicable  in  the  case  of 
this  metal.  Instead  the  bath  and  everything  entering  into  it  must  be 
most  carefully  freed  of  all  foreign  elements,  so  that  the  metal  as 
extracted  will  meet  the  exacting  demands  of  the  trade. 
The  chief  source  of  alumina  is  bauxite,  analyzing 

FmiM.  ArkuiiM. 

AUOs 75.0%  55.5S% 

SiOa 1.0  10.13 

FeaOs 12.0  6.08 

H2O 12.0  28.99 

Three  processes  may  be  iised  for  the  extraction  of  the  pure  alumina 
from  this  raw  material. 

(1)  Fusion  Process,  Bauxite  is  fused  in  a  reverberatory  furnace 
with  Bodiimi  carbonate  formii^  sodium  aluminate.  The  fused  mass  is 
leached  with  hot  water,  Eltered,  the  alumina  precipitated  from  the 
&ltrate  by  carbon  dioxide  and  dried  for  use  in  the  electrolytic  pots. 

(2)  Bayer  Process.  Finely-ground  and  lightly-calcined  bauxite  is 
agitated  with  a  strong  solution  of  caustic  soda  iu  a  closed  vessel  under 
steam  pressure.  The  alumina  passes  into  solution  as  sodium  aluminate 
and  the  impurities  remain  insoluble.  The  filtered  solution  is  run  off 
into  tall  cylindrical  vessels  provided  with  stirring  apparatus,  a  snuili 
amount  of  freshly-precipitated  alumina  is  added  and  the  whole  stirred. 

'  In  thirty  hours  about  70  per  cent  of  the  alumina  in  solution  will  have 
precipitated  itself  by  hydrolysis,  the  caustic  solution  being  regenerated 
and  ready  for  use  again. 

(3)  Hall  Process.  Bauxite  is  fused  in  an  electric  furnace  with  just 
sufficient  carbon  to  insure  reduction  of  the  impurities,  silica,  titanic 
acid  and  ferric  oxide.  TliealuroinaiB  not  affected.  By  repeating  this  opera- 
tion the  product  obtained  is  pure  enough  for  many  grades  of  aluminium. 

The  fused  bath  used  for  dissolving  the  alumina  was  ori^nally  cryolite, 

-  NasAlFs.    This  has  later  been  modified  by  the  addition  o!  other  salts 

designed  to  reduce  its  melting-point  and  ntake  it  lighter  in  weight.    A 

typical  bath  conmsts  of  2AlFs-6NaF-3CaF2,  thoi^  details  of  the  bath 

compo^titm  are  kept  secret  iu  many  plante. 

The  vessels  used  for  c<mtaining  the  fused  bath  are  rectangular  iron 
boxes  8  ft.  long,  4  ft.  wide,  and  about  2  ft.  deep,  made  of  sheet  steel 
stiffened  by  angles.  The  inside  is  fiUed  with  a  baked  mixture  of  tar 
and  carbon  from  which  a  cavity  is  scooped  out  in  the  middle  for  holding 
the  actual  fused  bath.  Above  is  suspended  four  rows  of  ten  each  carbon 
electrodes,   3   ina. .  in   diameter,   fastened   into   rods.     These   electrodes 
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^de  up  and  down,  being  held  to  the  positive  curreDt  terminal  by  screw 
clamps  over  the  rods.  A  recent  modification  of  tiie  cell  involves  Ibe  use 
of  fewer  and  larger  electrodes. 

The  bath  is  fused  in  the  cavity  and  alumina  stirred  in.  The  dissolved 
alumina  is  decomposed  by  the  electric  current,  melted  aluminium  bcmg 
plated  out  on  the  bottom  of  the  cavity  from  which  .it  can  be  tapped  as 
desired.  Oxygen  appears  at  the  carbon  anodes  suspended  above  and 
consumes  part  of  the  carbon  to  carbon  monoxide.  The  fused  fluoride 
bath  itself  is  not  decomposed  as  long  as  alumina  is  added  as  the  bath 
becomes  exhausted. 

Such  a  pot  is  supplied  with  10,000  amperes  of  current,  the  resistance 
offered  to  the  passage  of  the  current  serving  to  supply  all  the  heat 
necessary  to  keep  it  melted.  As  loi^  as  alumina  is  present  in  the  bath 
the  E.M.F.  across  the  cell  varies  between  7.5  and  8  volts;  as  soon  as  the 
alumina  is  exhausted  the  voltage  across  the  cell  rises  to  16-20  votts,  this 
rise'  in  voltage  being  made  bo  actuate  a  warning  signal  that  the  pot 
needs  more  alumina  stirred  into  the  bath. 

Calcium.  Calcium  is  produced  by  the  electrolysis  of  a  fused  calcium 
chloride  bath.  The  calcium  is  plated  out  in  the  solid  state  and  with- 
drawn from  the  bath  in  the  form  of  a  rod  as  fast  as  isolated. 

MagneEdum.  Quite  recently  there  has  been  produced  in  this  country 
the  element  magnesiiun  in  large  quantities.  The  processes  have  been  main- 
tained rather  closely  guarded  but  they  essentially  consist  in  electrolyzing 
molten  magnesium  'ihloride  mixed  with  various  other  chlorides  to  reduce 
the  melting-point  of  the  bath,  and  in  that  respect  resembling  the  calcium 
process. 

Sodium  and  Potassium.  These  metals  are  produced  by  the  electrolysis 
of  a  fused  caustic  bath  of  the  corresponding  metal.  The  melted  hydrates  ' 
have  great  solvent  power  for  the  metals  and  therefore  it  is  necessary  to 
perfonn  the  electrolysis  within  20"  of  the  meltii^-point  of  the  hydrates, 
if  a  satisfactory  current  efficiency  is  to  be  attfuned.  In  the  production 
of  sodium  the  current  efficiency  is  rarely  above  45  per  cent.  The  cathode 
products  are  chemically  equivalent  parts  of  sodium  and  hydrogen  so  that 
aa  best  only  50  per  cent  of  the  current  is  producing  sodium,  and  obvious 
losses  reduce  the  actual  current  efficiency  to  the  45  per  cent.  The  metal 
is  liberated  at  the  cathode,  floats  to  the  surface  of  the  bath,  and  is  there 
drawn  off  through  a  trap. 

Many  attempts  have  been  made  to  produce  sodium  clectrolytically 
from  a  bath  of  fused  chloride,  thus  eliminating  the  double  electrolytic 
operations  of  first  i^eparing  the  caustic  and  afterwards  again  electnJydng 
this  caustic.  Electrolysis  of  a  chloride  fusion  produces  only  sodium 
at  the  cathode,  affording  a  much  higher  efficiency  of  current  used.  The 
high  melting-point  of  the  chloride  has  been  a  very  discouraging  factor 
in  this  electrolyras,  as  this  melting-point  is  close  to  the  boihi^-poiDt  of 
sodium  and  yields  have  been  low  in  most  cases.     Recently  the  Virginia 
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Electrolytic  Company,  working  under  the  patents  of  Von  Kugelgen  and 
Seward  have  succeeded  in  carrying  out  this  electrolysis  successfully  on 
a  commercial  scale.  They  lower  the  melting-point  of  the  bath  very 
considerably  by  using  a  mixture  of  the  chlorides  and  fluorides  of  sodium 
Mith  barium  chloride,  or  mixtures  of  the  chlorides  of  the  alkahes.  The 
cell  is  constructed  of  refractory  material  with  a  cooled  ring  cathode  near 
the  upper  level  of  the  bath.  The  space  above  the  bath  is  enclosed  air- 
tight to  prevent  oxidation  of  the  metallic  sodium  which  collects  around 
the  cathode  ring  at  the  top  and  is  drawn  off  from  time  to  time.  But 
little  detul  has  been  given  out  for  publication  regarding  the  process, 
but  there  seems  to  be  no  doubt  of  its  successful  solution. 

Electrolytic  Refining  of  Iinpure  Metals.  Copper.  Copper  as  pro- 
duced by  the  Bessemerizing  of  copper  matte  contains  a  number  of 
deleterious  foreign  substances  together  with  silver  and  gold.  Among 
these  substances  may  be  enumerated:  Cu2S,  CU2O,  Au,  Ag,  Pt,  Pe,  Ni, 
Co,  As,  As208,  Sb,  Sb20a,  Bi,  Bi203,  Se,  Te.  For  economical  reasons, 
it  is  advisable  to  separate  the  precious  metals  from  the  copper  as  the 
^ectrical  industry  requires  copper  of  almost  absolute  purity,  hence  some 
means  of  refining  copper  to  remove  these  substances  must  be  us«d.  The 
most  effective  means  is  by  electrolytic  refining.  The  crude  copper  is 
^ven  a  partial  refining  in  a  furnace  and  b  then  cast  into  thin  flat  plates 
or  anodes  for  the  electrolytic  treatment.  These  plates  are  suspended  in 
a  bath  of  copper  sulphate  and  sulpMiric  acid  and  a  direct  current  passed 
from  the  crude  metal  plates  to  others  called  cathodes  (see  later).  Under 
this  treatment  the  impurities  in  the  anodes  behave  as  follows: 

CuaS  and  CuaO  drop  to  the  bottom  as  the  copper  is  dissolved  out 
around  them  and  slowly  pass  into  solution.  As  and  AsaOs  partly  dissolve 
through  the  action  of  the  current  and  partly  drop  to  the  bottom,  slowly 
passing  into  solution.  Sb  and  Sb^Os  partly  pass  into  solution  and  partly 
into  insoluble  basic  salts.  Bi  and  BizOs  pass  into  solution  and  are  pre- 
cipitated out  as  basic  salts.  Au,  Ag,  Pt,  Se,  Te  are  not  dissolved  by  the 
current  and  drop  to  the  bottom  of  the  tanks  as  a  mud  or  slime.  Fe, 
Ni  and  Co  pass  into  solution  and  are  not  plated  out  if  copper  is  present 
in  the  solution.  Arsenic  is  not  plated  out  as  long  as  the  solution  contains 
free  sulphuric  acid.  In  this  way  we  get  nothing  but  copper  plated  out 
on  the  cathode,  the  impurities  either  collecting  in  the  slime  at  the  bottom 
of  the  tank  or  in  the  solution;  it  is  necessary  to  remove  and  purify  the 
electrolyte  at  intervals. 

In  practice  the  electrolytes  used  contain  from  10-15  per  cent  copper 
sulphate  and  5-15  per  cent  sulphuric  acid.  Since  one  ampere  of  current 
ilowii^  from  an  anode  to  a  cathode  only  plates  out  or  dissolves  one  ounce 
of  copper  in  a  day  and  it  is  not  posable  with  the  above  electrolytes  to 
use  a  current  density  of  over  15-20  amperes  per  square  foot  of  cathode 
surface  without  danger  of  forming  rough  plating  sjtd  consequent  dai^er 
of  short  circuits,  we  can  readily  see  that  a  refinery  of  any  great  output 
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This  has  led  to  the  development 


Pio.  139. 


Fia.  140. 


must  use  enormous  electrode  surfaces, 
of  two  systems   of   comiecting  the 
plates  up  in  the  electrolytic  tanks, 
the  aeries  and  the  mvUipls. 

In  the  series  system.  Fig.  139,  a 
number  of  copper  anodes  are  sus- 
pended in  the  bath  about  J  to  3  in. 
apart,  only  the  two  end  ones  beini; 
connected  with  the  source  of  current  as  shown.  The  current  dissolves 
copper  from  the  first  plate  and  deposits  it  on  the  near  side  of  the  next 
plate;  the  other  side  of  second  plate  is  dissolved  and  j^ted  out  on  the 
near  side  of  the  third  plate  and  so  on  through  the  tank.  When  the 
anode  is  nearly  consumed  it  is  mecbamcaUy  separated  from  the  deposit 
of  pure  copper  on  its  back.  This  system  is  not  in  very  general  use, 
althoi^  the  lai^est  refinery  in  the  world  is  equipped  with  it. 

-  In  the  multiple  sj'stem,  Pig.  140, 

the  anodes  and  cathodes  are  arrai^ed 
alternately,  all  the  anodes  being 
connected  to  the  positive,  source  of 
current  and  the  cathodes  to  the  nega- 
tive. The  cathodes  are  thin  sheets 
of  electrically  precipitated  copper 
made  in  special  tanks  by  platu^  topper  on  greased  lead  plates  from 
which  it  is  stripped  by  hand. 

Lead.  Lead  is  refined  by  suspending  the  impure  lead  as  anode  in  a 
bath  consistii^  of  18-20  per  cent  lead  fiuo-silicate  and  8  per  cent  fluo- 
uiicic  acid  to  which  a  little  gelatine  or  glue  has  been  added.  Lead, 
zinc,  nickel,  and  iron  go  into  solution  and  lead  and  tin  only  plate  out 
if  the  solution  is  kept  pure.  The  impurities  for  the  most  part  reouun 
as  a  sponge  stickily  to  the  anode. 

Silver.  For  alloys  containing  above  90  per  cent  silver  with  small 
amounts  of  copper  and  gold  the  electrolyte  used  is  a  solution  of  2-4 
per  cent  copper  nitrate  in  1  per  cent  nitric  acid.  Silver  and  copper 
pass  into  solution  under  the  influence  of  the  electric  current  and  silver 
alone  is  deposited  with  iiie  low  current  density  of  18  amperes  per  square 
foot  employed  in  practice.  The  gold  settles  out  as  a  mud  in  the  bottom 
of  the  tanks.  On  account  of  the  silver  precipitating  on  the  cathode  as 
loose  cryst^  mechanical  means  must  be  taken  to  prevent  crystal-growths 
from  short-circuitii^  the  cell. 

Oold.  For  alloys  very  high  in  gold  and  conttuning  but  small  amounts 
of  silver  and  platinum  the  electrolyte  used  is  a  solution  of  auric  chloride 
in  hydrochloric  acid.  Gold  dissolves  and  is  plated  out  on  the  cathode, 
while  the  silver  and  platinum  remain  behind  in  the  slimes. 

\ickel  and  Bismuth.  These  metals  are  at  present  being  electrolytj- 
cally  refined  by  suspending  the  impure  metals  as  anodes  in  chloride  baths- 
No  details  of  the  processes  are  available.  .     ,  ,.a.-si,> 
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Blectroftlatiiig.  A  branch  of  electrocbemietry  that  has  attained 
enormous  ctnmoercial  importaQce,  yet  as  regards  conduct  more  nearly 
resembles  the  chemical  manipulation  of  the  alchemists,  is  that  of  coating 
the  surface  of  one  metal  with  a  thin  skin  of  another  either  for  decorative 
or  preservative  purposes.  Thus  base  metal  is  coated  with  gold  for 
decorative  purposes,  iron  with  nickel  for  preservative  reasons.  Practi- 
cally all  of  this  metal  coating  is  now  done  by  suspendii^  the  object  to  be 
plated  as  cathode  in  a  suitable  bath  and  electrolytically  depositing  a 
coatii^  of  the  desired  metal  on  its  surface.  It  is  not  pos^ble  here  to 
thoroughly  cover  all  the  methods  and  aotutions  used  in  this  work,  as 
each  establishment  seems  to  cherish  its  own  secret  manipulation,  a  great 
deal  of  which  secrecy  is  more  imaginative  than  real. 

To  insure  uniform  results  the  base  metal  to  be  plated  should  be  sound,  - 
free  from  pores  and  sand  holes,  and  above  alt  clean.     Cleaning  is  done 
by  the  use  of  brushes,  buffii^  wheels,  acid  and  alkah  baths,  the  objects 
to  be  plated  not  being  touched  by  greasy  hands. 

The  compo^tion  of  the  baths  used  are  as  varied  as  the  establishments, 
each  seetmngly  possessing  its  own  special  formula  for  each  bath.  Chemi- 
cally the  baths  are  as  far  as  possible  so  constituted  that  metal  b  not 
deposited  by  dm,ple  chemical  replacement  as  such  coatings  are  usually 
not  strongly  adherent.  A  general  idea  of  the  baths  used  may  be  gained 
from  the  following: 

Copper.  A  solution  containing  10-12  per  cent  copper  sulphate  and 
2-3  per  cent  sulphuric  acid.  For  plating  on  iron  this  solution,  because  of 
chemical  replacement,  does  not  give  a  particularly  good  adhering  coat 
and  recoxirae  is  had  to  first  plating  a  very  thin  coating  of  copper  on  the 
iron  from  a  copper  cyanide  solution,  the  object  being  finished  in  the  acid 
bath,  for  the  reason  that  regeneration  of  the  cyanide  bath  by  the  use 
of  a  copper  anode  is  not  particularly  successful.  Such  a  cyanide  bath 
may  be  prepared  by  dissolving  a  mixture  of  one  part  of  carbonate  of  copper 
and  three  parts  of  potassium  cyanide  in  twenty-five  parts  of  water. 

SUver.  A  fairly  strong  solution  of  the  double  cyanide  of  silver  and 
potassium  is  most  frequently  used  in  plating  this  metal. 

Oold.  A  fflmilar  solution  of  the  double  cyanide  of  gold  and  potas^um 
is  used. 

Zinc.  But  little  electroplating  of  zinc  is  done  at  the  present  time, 
the  simple  g^vanisii^  processes  b^ng  cheaper.  Where  it  is  desired  to 
plate  zinc  without  heating  the  base  metal  electroplating  finds  application. 
The  solution  used  is  that  of  the  neutral  zinc  sulphate  to  which  18  added 
various  organic  agents  as  glue,  dextrine,  etc.,  in  small  amounts.  The^e 
addition  agents  yield  a  plating  cf  finer  grcun  and  much  less  crystalline 
than  is  produced  by  the  same  Laths  not  containing  them. 

Nickel.  A  saturated  solution  of  the  double  sulphate  of  nickel  and 
ammonia  is  largely  used  for  nickel  plating.  As  nickel  anodes  do  not  dis- 
solve in  sufficient  quantity  to  recuperate  this  bath,  nickel  sulphate  is  added 
from  time  to  time  to  maintain  its  saturated  state. 
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Brass.  A  mixture  of  cyanides  of  copper  and  zinc  containing  varying 
proportions  of  the  two  metals,  dependii^  on  the  color  of  the  plating 
desired,  will  yield  a  plating  oi  brass.  Great  skill  is  needed  to  use  such  a 
bath  and  much  secrecy  is  maintained  r^arding  the  exact  composition  of 
a  successful  brass  bath. 

The  actual  conformation  of  a  bath  to  a  definite  chemical  composition 
is  not  of  great  importance.  Using  pure  salts,  keeping  the  bath  free 
from  both  dissolved  and  suspended  in'.purities  and  of  a  fair  degree  of 
saturation  will  produce  good  reeulta  over  a  wide  range  of  compositions. 
High  current  densities  tend  to  produce  coarse  crystalline  metals,  so  that 
volt^e  and.current  regulation  of  the  bath  must  be  given  close  attention. 

After  withdrawal  from  the  bath  the  plated  object  is  well  washed 
'  with  water,  or  even  alkali  if  an  acid  bath  has  been  used.  Dull  or  matte 
finishes  are  given  a  plated  object  by  the  use  of  a  wire  or  scratch  brush. 
Polishing  is  done  with  rouge,  whiting  or  other  polishii^  powder  on  a 
cloth  or  leather  wheel.  TJiis  mechanical  manipulation  after  plating 
in  many  cases  plays  a  more  important  part  in  obtaining  a  desirable  orna- 
mental finish  than  the  actual  plating  bath  itself. 

Organic  Compotmds.  A  broad  general  view  of  electrolysis  would 
consider  an  anode  dipped  into  an  electrolyte  as  a  perducing  agent,  each 
96,540  coulombs  of  electricity  passing  through  it  causii^  the  perduction 
of  one  gram-equivalent  of  a  substance  one  unit  of  valence.  A  cathode 
is  similarly  a  reducing  t^nt,  the  passage  of  the  above  quantity  of 
electricity  causing  a  reduction  of  one  gram  equivalent  one  unit  in  valence. 
We  have  here  an  ideal  means  of  perduction  (reduction)  in  that  no  foreign 
.  materials  not  essential  to  the  reaction  need  te  added  to  cause  such  change 
as  desired  and  have  no  contamination  of  the  resulting  products  to  fear. 
Electrochemical  perductiona  or  reductions  resolve  themselves  into  a 
choice  of  suitable  electrode  materials;  current  densities  and  separation  of 
the  effects  of  anode  and  cathode  through  diaphragms.  In  the  field  of 
organic  chemistry  many  applications  have  been  made  of  electricity  to  the 
reactions  of  perduction  and  reduction,  where  conditions  are  suitable  to 
their  use,  but  strai^e  to  say  not  many  on  a  commercial  scale.  A  few  of 
the  prominent  commercial  processes  are  the  following: 

ChUrroform.  A  solution  of  20  per  cent  chloride  of  sodium  to  which 
acetone  is  added  evolves  chloroform  on  the  passage  of  an  electric  current. 
The  chloroform  vapors  are  removed  from  the  closed  cell  and  condensed. 
The  use  of  chlorine  produced  in  the  caustic  soda  industry  for  this  purpose 
is  of  much  greater  technical  importance  than  the  above  direct  process. 

Iodoform.  A  solution  of  iodide  of  potassium  to  which  alcohol  or 
acetone  is  added,  and  the  whole  electrotyzed,  yields  a  solution  of  iodoform, 
which  can  be  crystallized  out  by  cooling.  This  process  is  the  baas  of  an 
important  manufacturing  industry  at  this  time,  and  has  largely  supplanted 
the  old  chemical  process. 

It  ia  impossible  to  describe  here  the  numerous  processes  proposed 
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and 'in  use  for  electrolytic  oxidations  tmd  reductions  of  oi^anic  com- 
pounds. A  few  have  found  commercial  application,  but  most  of  them  are 
Htill  in  the  laboratory  stage.  Reference  to  the  bibliography  will  serve  to 
inform  the  reader  of  the  wide  extent  of  application  of  electrochemistry 
to  the  organic  division. 
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LIME,  CEMENT  AND  PLASTER 

RICHARD  K.  UEADE 

BaUimore,  Md. 

Mortar  materials  may  be  classified  according  to  their  properties,  metb' 
ods  of  manufacture  and  materials  from  which  they  are  made,  as  follows: 

CtHnmon  Limes  are  made  by  burning  relatively  pure  limestone.  When 
mixed  with  water  they  slake  and  show  no  hydraulic  properties. 

Hydraulic  Limes  are  made  by  burning  impure  limestone  at  low  tem- 
peratures.    They  slake  with  water,  but  show  hydraulic  properties. 

Natural  Cements  are  made  by  burning  impure  limestones  at  a  low  tem- 
perature (insufficient  to  vitrify) .  They  do  not  slake  with  water,  but 
require  to  be  ground  in  order  to  convert  them  into  a  hydraulic  cement. 

Portland  Cement  is  made  by  heating  to  incipient  vitrification  an  inti- 
mate mixture  of  argillaceous  and  calcareous  substances,  which  product 
does  not  slake  with  water,  but  upon  grinding  forms  an  energetic  hydraulic 


Puzzolan  Cements  are  formed  by  incorporating  slaked  lime  with  finely 
ground  slag  or  volcanic  ash  or  by  incorporating  Portland  cement  clinker 
with  suitably  treated  slag  and  grinding  intimately  the  mixture. 

Plasters  are  made  by  heating  gypsum  sufficiently  to  drive  off  three- 
fourths  or  all  of  the  combined  water,  which  it  contains,  and  grinding  finely 
the  dehydrated  residue. 

The  diagram  on  the  following  page  will  explain  the  above  clasfflfications, 
while  Tables  I  and  III  show  the  composition  of  these  various  materials. 
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DIAGRAM  OF  UMES  AND  CEMENTS. 
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LIME  AND  CEMENT 
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TABLE  m— ANALYSIS  OF  PORTLAND  CEMENTS* 
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Lime.  Ldtne,  when  good,  is  nearly  pure  calcium  oxide,  CaO,  or  a  mix- 
ture of  calcium  and  magnesium  oxides.  High  calcium  limes  are  stronger 
than  those  containing  considerable  percentages  of  magnesia.  They  are 
also  better  suited  for  mortar  work,  as  they  slake  more  readily.  Mag- 
nesium limes,  on  the  other  hand,  are  better  finishing  limes,  because  they 
work  smoother  under  the  trowel.  Pure  lime,  whether  magnesium  or  not, 
is  snow  white.    A  very  small  percentage,  however,  of  certain  impurities 
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may  give  the  lime  a  gray  or  yellow  color.  These  impurities  are  chiefly 
iron  and  mai^aueee.  Through  certain  methods  of  burning  the  ash  of  the 
fuel  may  be  introduced  into  the  lime,  causing  discoloration.  Wood- 
burned  lime  ia  usually  much  whiter  than  lime  bumed  with  coal. 

IJme  is  made  by  burning  limestone  in  suitable  furnaces  at  a  tempera- 
ture sufficient  to  drive  off  all  of  its  carbon  dioxide,  the  reaction  being 
CaCOa  =  CaO+C03.  Theoretically,  806  calories  per  gram  of  lime  are 
required  to  produce  this  change.  This  temperature  is  between  600°  and 
900°  C.  If  a  temperature  much  above  1200°  C.  ia  employed,  the  lime  will 
be  partially  fused  on  the  outside  of  the  lumps.  This  causes  the  lime  to  be 
very  slow  in  slaking,  which  is  undesirable,  as  some  of  it  may  escape  hydra- 
tion  in  the  mortar  box  and  later  will  expand,  or  what  is  technically  termed 
"  blow  "  or  "  pop  "  in  the  wall.  This  latter  manifests  itself  in  small 
blisters  in  the  finished  work. 

Intermittent  Kilns.  The  types  of  kilns  ordinarily  employed  in  burning 
lime  may  be  divided  into  two  classes — intermittent  kilns  and  continuous 
kilna.  The  intermittent  kilns  are 
primitive  and  imeconomical.  They 
are,  however,  frequently  used  by 
farmers  and  other  small  producers  of 
lime.  Fig.  141  shows  such  a  kiln. 
These  kilns  are  usually  made  of  large 
blocks  of  the  limestone  itself,  though 
sometimes  brick  is  used.  The  kilns  are 
usually  located  on  the  side  of  a  hill  in 
order  that  the  top  may  be  accessible  for 
chatting  by  wagons  and  the  bottom 
for  drawing  the  lime  and  supplying  the 
fuel.  In  charging  the  kilns  an  arch  of 
large  blocks  of  limestone  is  built  2  or 
Fig.  141.  3  ft,  from  the  ground,  numerous  small 

openings  being  left  in  it  through  which 
the  flames  may  pass  to  the  interior  of  the  kiln.  The  fire  is  built  under  the 
arch,  and  on  the  top  of  the  latter  the  limestone  is  piled,  the  charge  usually 
consisting  of  stone  from  2  to  8  ins.  in  diameter.  After  the  kiln  is  full,  a 
fire,  usually  of  wood,  is  started,  and  the  temperature  gradually  raised  to 
prevent  the  limestone  arch  from  crumbling.  After  about  six  or  eight 
hours  the  temperature  is  raised  to  a  red  heat  and  maintfuned  at  this  tem- 
perature for  about  two  days.  The  kiln  and  contents  are  then  allowed  to 
cool  and  the  lime  drawn  by  pulling  down  the  arch.  There  is  a  great  waste 
of  heat  and  time  in  these  kilns,  owing  to  the  fact  that  the  kiln  must  be 
cooled  and  reheated  each  time  it  is  charged.  Old  kilns  of  this  sort  can  usu- 
ally be  seen  in  any  of  the  limestone  fanning  regions. 

Continuous  Kilns.  Three  different  types  of  continuous  kilns  are 
employed:    these  are,  (1)  the  vertical  kiln  with  mixed  feed,  in  which  the 
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limestone  and  fuel  are  cbai^d  in  alternate  layers.  (2)  The  vertical  kiln 
with  separate  feed,  in  which  the  limestone  and  fuel  are  not  brought  in 
contact,  and  (3)  the  chamber  or  ring  kiln. 

Vertical  EUns.    Vertical  kilns  with  mixed  feed  are  very  similar  to 
intermittent   kilns,  except  that  they  are  provided  with  an  arrangement 
whereby  the  lime  may  be  drawn  at  regular  intervals  from  below.     They  are 
also  usually  somewhat  larger  than  intermittent  kilns.     Like  the  latter,  they 
are  built  on  the  side  of  a  hill,  usually  of  limestone  blocks,  and  are  sometimes 
lined  with  firebrick.    In  charging  them,  first  a  layer  of  anthracite  coal  or 
coke  and  then  alayer  of  limestone 
is  fed  into  the  top.  Fire  is  started 
at  the  bottom  and  works  its  way 
up.    The  process  of  charging  and 
drawing  the  lime  is  continuous. 
These  kilns  are  economical  and, 
for  the  same  size  kiln,  yield  a 
larger  quantity  of  product  than  do 
the  vertical  kilns  with  separate 
feed.  On  the  other  hand,  the  lime 
is  Gontammated  by  ash  of  the  fuel, 
and  the  lime  burned   in  these 
kihis  must  be  carefully  sorted  in 
order   to  discard  those  lumps  to 
which  the  fuel  ash  has  adhered. 

The  vertical  kiln  with  separate 
feed  usually  consists  of  a  steel 
or  reinforced  concrete  cylinder 
lined  with  firebrick.  This  is 
equipped  with  two  fireplaces 
for  the  burning  of  the  fuel, 
which  are  built  into  the  sides 
of  the  Idhi,  so  that  the  fuel 
is  not  mixed  with  the  stone. 
The  hot  gases  of  combustion 
pass    from    the    fire-box    into  Fia.  i^. 

the   kiln,  while  the  ash  of  the 

fuel  drops  through  the  grate  bars  into  an  ash-pit  below,  and  does  not 
mix  with  the  lime.  The  kilns  are  usually  constructed  with  hopper- 
shaped  cooling  chamber,  set  below  the  fire-box,  which  is  closed  by  doors  at 
the  bottom.  The  cooling  chamber  holds  about  one  draw  of  lime.  Fig.  142 
shows  such  a  kiln.  These  kilns  are  from  6  to  10  ft.  in  cross-section,  and 
from  40  to  50  ft.  in  height.  They  are  usually  charged  by  employing  an 
incline  and  a  cable  hoist,  by  means  of  which  the  cars  of  limestone  are  drawn 
from  the  quarry  to  the  t(q)  of  the  kilns.  These  kilns  are  sometimes  provided 
with  steel  stacks  in  order  to  induce  a  better  draft,  as  it  has  been  found  that 
the  better  the  draft  the  greater  facility  with  which  the  lime  can  be  burned. 
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the  better  the  draft  the  greater  facility  with  which  the  lime  can  be 
bunied. 

Wood,  oil  and  coal  are  employed  for  burning  with  these  IoIdb.  Wood 
is  the  best  fuel  for  burning  lime,  as  the  wood  burns  with  a  longer  fiame  of 
comparatively  low  temperature.  This  is  an  advantage,  as  it  is  essentia! 
that  the  heating  should  be  conducted  at  a  considerable  distance  inside  the 
kiln  without  the  temperature  at  the  mouth  of  the  fire-box  being  too  high. 
The  steam,  which  the  wood  introduces,  also  seems  to  be  beneficial,  and 
indeed  some  manufacturers  prefer  to  use  green  wood  because  of  the  greater 
quantity  of  steam  which  it  introduces.  Wood-burned  lime  is  whiter  than 
that  burned  with  coal. 

Where  coal  is  employed  as  a  fuel,  it  is  customaiy  to  wet  this  latter. 
A  steam  jet  is  also  often  employed,  being  inserted  below  the  fire-box. 
The  steam  passing  through  the  hot  bed  of  coals  ja  decomposed  into  hydro- 
gen and  carbon  monoxide  as  follows:  HaO+C^Ha+CO.  This  gas  is 
burned  in  the  kiln  itself,  and  hence  carries  the  heating  zone  further  into 
the  latt«r. 

Natural  gas  has  also  been  used  as  a  fuel,  and  producer  gas  is  now 
being  introduced  to  some  extent.  Considerable  advantage  is  claimed 
for  both,  owing  to  the  fact  that  the  lime  is  not  discolored  by  impurities, 
and  also  th&t  these  gases  bum  with  a  longer  flame.  The  use  of  gas  also 
saves  the  labor  of  stoking  the  grates. 

Producer  gas  is  now  being  applied  to  kilns  of  very  lai:ge  capacity. 
With  hand-fired  kilns  of  the  type  shown  above  the  diameter  cannot  be 
increased  beyond  the  limit  to  which  the  flames  from  the  fire-box  can  reach 
effectively  or  the  limestone  in  the  center  of  the  kiln  will  not  be  burned. 
The  limiting  diameter  for  such  a  kiln  is  about  6  to  7  ft.  With  gas,  on  the 
other  hand,  the  kiln  may  be  made  much  larger  because  the  gas  may  be 
made  to  bum  in  all  parts  of  the  kiln.  Usually  this  is  done  by  having 
the  producer  gas  enter  throi^h  openings  around  the  side  of  the  kiln  and 
the  air  throi^  holes  in  the  bottom  of  the  kiln.  The  air  is  thus  preheated 
by  pasdng  up  throi^  the  hot  Ume,  which  it  cools,  coming  in  contact  with 
Uie  producer  gas  in  the  center  of  the  kiln,  where  combustion  takes  place, 
spreading  back  to  the  gas  openings.  Gaa-fired  lime  kilns  are  now  built 
having  capacities  of  from  40  to  60  tons  per  day. 

Lime  is  also  burned  in  rotary  kilns  similar  to  those  described  in  the 
section  on  Portland  cement.  In  using  these  kilns,  the  limestone  is  first 
crudied  to  pieces  ranging  in  size  from  J  in.  down  to  dust  and  fed  into 
the  kiln,  which  is  heated  by  producer  gas.  These  Iritna  are  peculiarly 
adapted  to  burning  highly  crystalline  stone,  which  would  crumble  when 
subjected  to  heat  and  so  stop  the  draft  of  the  vertical  kihi,  and  to  supply- 
ing lime  for  chemical  purposes,  where  a  fine  lime  is  not  objectionable. 
They  are  also  used  to  bum  lime  from  various  lime-waates,  such  as  "  lime- 
sludge  "  from  paper  mills  and  sugar  purification.  Lime  is  now  burned 
from  the  calcium  carbonate  waste  from  caustic  soda  manufacture  at  a 
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number  of  plants  by  first  passii^  the  waate  through  some  form  of  dewater- 
ing  device  such  as  a  rotary  continuous  filter  wheel,  the  waste  being  obtained 
from  the  latter  in  the  form  of  a  wet  mud  containing  about  50  per  cent  water 
and  then  introducing  it  into  the  kiln.  The  recovered  lime  is  very  pure  and 
usually  contains  some  alkali  otherwise  lost,  the  percentage  varying  from 
3  to  8  per  cent  of  the  lime  recovered.  This  practice  not  only  can  be  car- 
ried out  generally  for  less  than  the  cost  of  purchasing  lump  lime  but  it 
also  disposes  of  a  troublesome  waste  product. 

Ring  Kiln.  The  chamber  or  ring  kiln  is  employed  to  some  extent 
abroad,  but  has  not  been  used  in  this  country.  It  consists  of  a  series  of 
chambers  which  are  built  about  a  central  stack  and  connected  to  the  latter 
by  flues.  Thefle  chambers  are  alternately  charged  with  fuel  and  limestone. 
Any  chamber  may  be  disconnected  from  the  flue  at  will  and  also  separated 
from  those  before  and  after  it  by  partitions.  As  a  chamber  bums  out,  it 
is  disconnected,  the  lime  removed  and  the  chamber  recharged.  As  a 
chamber  is  chained  it  is  connected  with  the  stack  and  the  flames  passed 
through  all  the  other  chambers  to  this  one,  and  thus  to  the  stack.  These 
kilns  are  economical  of  fuel,  but  require  considerable  labor. 

Hydrated  Lime.  When  lime  is  treated  with  water  it  combines  with 
the  water  to  form  calcium  hydroxide,  CaO+H20  =  Ca{OH)2.  If  the 
lime  is  free  from  impurities,  it  will  take  up  32.1  per  cent  of  its  own  weight 
of  water.  A  less  amount  of  water  than  the  theoretical  quantity,  however, 
is  required  to  thoroughly  hydrate  lime,  because  of  the  impurities  that  are 
always  found  to  a  greater  or  less  extent  in  all  commercial  limes.  Until 
recently,  lime  was  always  hydrated  or  slaked  by  the  mason  just  pre- 
paratory to  its  use.  An  excess  of  water  was  always  used,  and  the  cal- 
cium hydroxide  formed  with  this  a  wet  mass  called  lime  putty.  Recently, 
mechanical  means  of  hydration  have  been  introduced  whereby  the  Ume  is 
hydrated  by  the  manufacturer  with  just  sufficient  water  to  form  the 
hydrate,  leaving  none  in  excess.  This  hydrated  lime  is  a  fine  dry  powder, 
practically  all  of  which  will  pass  through  a  100-mesh  screen.  It  is  packed 
in  paper  bags  or  cloth  sacks,  and  will  keep  indefinitely.  It  can  be  stored 
without  danger  of  causing  fire,  which  is  not  true  of  caustic  line.  Mortar 
made  with  it  shows  less  danger  of  blowing  or  popping  in  the  walls.  It 
may  be  added  to  cement,  when  it  makes  the  latter  to  some  extent  water- 
proof and  more  easy  to  trowel. 

The  process  of  manufacturing  hydrated  lime  is  briefly  as  follows: 
The  lump  lime  is  ground  to  small  aze.  It  is  then  mixed  with  just 
sufficient  water,  when  it  falls  to  a  fine  powder.  The  slaked  lime  is  then 
sieved  to  separate  out  the  tanhydrated  lumps  or  silicious  cores'  from  the 
latter. 

The  plan  adopted  in  grinding  the  quicklime  in  the  most  successful 
hydrating  plants  consists  in  crushing  the  Ume  by  means  of  a  swing  hammer 
mill  or  a  Sturtevant  open-door  crusher.  This  reduces  it  to  pieces  about 
)  in.  and  under.     Lime  which  is  to  be  hydrated  should  not  be  burned 
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at  such  a  high  temperature,  as  is  ordinarily  used.  Fresh  lime  hydrates 
much  more  promptly  than  that  which  has  been  allowed  to  remain  for 
some  time  in  the  air. 

There  are  a  number  of  processes  and  machines  for  mixing  the  hme 
with  water  which  have  been  successfully  used  in  hydrating.  The  two 
best  known  of  these  are  the  Kritzer  and  the  Clyde  hydrators.     , 

The  Clyde  hydrator  is  a  batch  machine,  in  which  a  given  quantity  of 
lime — usually  one  ton — is  placed.  To  this  is  added  the  proper  quantity  of 
water  by  means  of  a  spray.  The  machine  itself  consists  of  a  revolving  pan 
provided  with  plows  which  stir  up  and  mix  the  water  and  the  lime.  The 
water  is  weighed  and  added  in  a  predetermined  amount.  When  the 
operator  ju<^es  the  process  to  be  complete,  as  is  determined  by  the  fluffi- 
ness  of  the  powder,  the  lime  Is  scraped  from  the  pan  through  an  opening 
in  the  center  of  the  same  into  a  hopper  under  the  hydrator. 

The  Kritzer  process  is  a  continuous  one.  The  hydrator  consists  of  a 
number  of  cylinders  one  over  the  other,  which  are  provided  with  paddles 
which  revolve  aroimd  a  central  shaft.  The  lime  is  fed  into  the  upper 
cylinder  in  a  continuous  stream.  Here  water  is  spread  upon  it,  the  amount  ' 
being  regulated  by  means  of  a  valve.  The  moist  lime  is  worked  by  the 
paddles  and  passes  throi^  the  upper  cylinder  to  the  next  lower  one,  etc., 
and  finally  works  its  way  out  at  one  end  of  the  bottom  cylinder.  It  is  now 
entirely  hydrated  and  dry.  The  steam  from  the  lower  cylinders  passes  to 
the  upper  ones,  and  helps  to  hydrate  the  lime.  The  amount  of  water  to  be 
added  in  each  case  is  determined  by  experience.  The  more  calcium  oxide 
the  lime  contains,  the  more  water  must  be  added. 

After  slaking,  the  lime  is  in  the  form  of  a  very  fluffy  powder,  all  of  which 
will  pass  through  a  very  fine  sieve.  Mixed  with  this  hydrated  lime, 
however,  are  larger  pieces  or  "  cores"  which  consist  of  unbumed  lime- 
stone, ^cious  matter  which  has  been  partially  vitrified,  and  overbumed 
lime  which  has  not  been  hydrated.  The  last  two  of  these  if  left  in  the 
lime  will  cause  trouble,  because  when  the  lime  is  appUed  to  plastering 
they  will  not  slake  when  water  is  mixed  with  the  hydrate  but  will  do  so 
in  tJme.  Now  when  the  lime  slakes  it  expands  and  hence  wherever 
there  was  one  of  these  cores  in  the  wall  a  little  blister  will  occur.  It  is 
therefore  usual  to  either  separate  out  these  cores  or  else  to  grind  them  ao 
finely  that  when  water  is  added  to  the  hydrate  they  will  slake  before 
the  plaster  sets.  Where  they  are  separated  out,  this  is  usually  done  by 
means  of  an  air  sepcOBtor  of  the  Raymond  type,  although  Newaygo  and 
shaking  screens  are  used  in  some  of  the  older  and  smaller  mills.  If  the 
cores  are  pulverized  this  is  usually  done  by  passing  the  lime  directly 
from  the  hydrator  through  some  type  of  pulverizer  such  as  a  Raymond 
'"  beater  miU,"  a  tube  null,  a  Bonnot  mill  or  a  Fuller  mill.  In  either  event 
it  is  now  ready  for  the  market. 

Hydrated  time  is  now  packed  in  paper  and  cloth  bags.  Automatic 
bagging  machines  have  been  devised  which  allow  it  to  be  packed  very 
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rapidly  in  bf^,  which  are  pasted  ahut  or  tied  before  the  lime  is  placed  in 
them,  this  latter  being  done  by  means  of  a  valve  in  one  comer  of  the  bags. 
These  paper  bags  present  a  square  appearance,  and  not  the  ragged  end  of 
the  hand-tied  bag. 

Hydraulic  Ume.  Limestones  containing  appreciable  amounts  of 
impurities  sufficient  to  give  the  calcined  product  hydraulic  properties,  but 
insufficient  to  take  up  all  the  lime  present,  make,  when  burned,  hydraulic 
limes.  They  form  an  intermediate  product  between  ordinary  lime  and 
natural  cement.  These  products  range  from  feebly  hydraulic  limes  to 
limes  which  harden  quite  satisfactorily  under  water.  At  one  time  these 
limes  were  manufactured  to  a  large  extent  in  Europe.  They  have  never, 
however,  been  manufactured  in  any  quantity  in  this  country.  They  are 
made  by  burning  limestone  cont^nii^  from  10  to  17  per  cent  silica,  alu- 
mina and  iron  and  from  40  to  45  per  cent  lime.  Magnesia  may  replace 
lime  to  a  considerable  extent.  Hydraulic  lime  slakes  with  water  just  as 
does  ordinary  lime,  only  much  more  slowly. 

Grappier  Cements.  These  are  obtained  by  grinding  the  hard  cores 
which  are  obtained  in  the  manufacture  of  hydraulic  lime,  and  con^st  of 
that  portion  of  the  hydraulic  lime  which  does  not  slake  when  water  is 
added.  La  Forge  cement  is  of  this  class,  and  is  imported  extensively  in  this 
country,  owing  to  its  light  color  and  the  fact  that  it  does  not  stain  marble 
and  other  building  atones  as  does  Portland  cement  and  natural  cement. 

Natural  Cement.  Natural  cement  was  at  one  time  manufactured 
extensively  in  this  country.  Owing  to  the  cheapness,  however,  with  which 
Portland  cement  can  be  manufactured,  it  is  being  replaced  by  this  latter. 
Natural  cements  are  produced  by  burning  and  subsequently  grinding 
clayey  or  argillaceous  limestones,  which  are  natural  mixtures  of  calcium 
carbonate  and  clay.  These  limestones  usually  carry  from  13  to  35  per 
cent  clayey  matter  (SiOa+AbOg+FezOa),  and  often  a  considerable  per- 
centage of  magnesia,  which  seems  to  be  interchangeable  with  lime  and  to 
replace  the  latter  without  disadvantage. 

The  kilns  used  for  burning  natural  cement  are  very  similar  to  those 
used  for  burning  lime.  The  best  kiln  consists  of  a  steel  cylinder  lined 
with  firebrick  and  provided  with  an  opening  at  the  bottom  through 
which  the  burned  material  may  be  drawn  from  the  kiln.  The  kiln  is  con- 
tinuous in  operation  and  the  charging  is  done  by  introducing  at  the  top 
alternate  layers  of  limestone  and  fuel.  This  latter  usually  consists  of 
small  size  anthracite  coal  or  coke.  The  temperature  of  burning  is  usually 
between  1000°  and  1200°  C. 

After  passing  through  the  lulns  the  burned  material  presents  the 
appearance  of  a  soft  yellowish-brown  mass.  It  is  then  ground  to  a  fine 
powder.  As  it  is  quite  soft,  this  is  usually  done  with  burr-stones  or  in 
tube  mills.  Recently,  however,  excellent  results  have  been  obtained  by 
grinding  the  natural  cements  to  an  extreme  d^ree  of  fineness  by  the 
employment  of  some  of  the  more  modem  mills,  such  as  the  FuUer-Lehigh 
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mill.    Hie  grinding  of  the  clinker  should  be  at  least  so  fine  that  90  per 
cent  will  pass  through  a  lOO-mesh  screen. 

Portland  Cement  is  now  considered  next  to  iron  and  steel  as  our  most 
important  building  material,  and  the  production  of  this  in  the  United 
States  now  amounts  to  over  ninety  miUions  of  barrels  annually.  Port- 
land cement  is  manufactured  by  combining  a  material  high  in  lime  such 
as  timeetone  or  marl  with  one  in  which  silica,  iron  oxide  and  alumina 
are  the  chief  constitutents,  such  as  clay  or  shale.  The  raw  materials 
are  intimately  mixed  by  finely  grinding  the  two.  The  fine  powder  is  then 
subjected  to  a  temperature  of  from  1400''-1600°  C,  when  a  sinterii^ 
or  semi-fusion  takes  place  and  the  mixture  rolls  up  into  little  balls  varyii^ 
in  size  from  that  of  a  walnut  down  to  that  of  wheat,  with  an  occasional 
lai^r  piece  and  some  fine  sand.  After  cooling,  these  lumps  or  "  clinkers  " 
are  mixed  with  a  small  amount  (2-3  per  cent)  of  gypsum  and  finely  pul- 
verized. The  resulting  powder  is  Portland  cement.  The  following 
diagram  explains  this  graphically: 


iorii  as  shoirn  bi/AnahiSis 


fUIverized  fa  a  fineness 
of  90S  fo95%  passing 
a  No.  100  Test  Sieve 


Surned  afa  Tempera- 
ture of  from  1400' C 
to  leOO'C 


No.  100  Sieve  and 
15  %  Passing  a  No.200 


PORTLAtiD  CEMEMT 


It  is  now  generally  agreed  that  Portland  cement  is  a  solid  solution 
of  lime  in  a  magma  of  ortho-«licat«s  and  ortho-aluminat«s  of  lime. 
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It  is  therefore  impossible  to  aacribe  to  Portland  cement  any  definite 
chemical  formula.  The  composition  of  Portland  cement,  however,  has 
a  great  bearing  upon  its  physical  properties.  The  conditions  of  manu- 
facture, particularly  as  to  burning  and  grinding,  also  influence  this.  The 
composition  of  Portland  cement  of  good  quality  is  usually  within  the  M- 
lowing  limits: 

Composition  of  Portland  Cement 

limit*.  ATcraae. 

Silica 20-24    %  22.0% 

Iron  oxide 2-4      "  2,5 " 

Alumina 5-9 

Lime 60-64.5 

Magnesia 1-4 

Sulphur  trioxide 1-1.75"  1.5" 

Practical  experience  has  shown  that  the  essential  elements  in  cement 
are  lime,  silica  and  alumina.  Iron  oxide  is  present  in  nearly  ail  clays  and 
shales,  and  hence  is  always  present  in  cement.  It  has  a  .definite  advan- 
tage, in  that  it  assists  in  burning  and  lowers  the  temperature  of  the  latter 
process.  Cement  containing  no  iron  is  white,  but  rather  hard  to  bum. 
The  proportions  of  a  good  cement  should  satisfy  the  following  ratios: 
Per  cent  lime 


Per  cent  silica -|-per  cent  iron  oxide+per  cent  alumina 

Per  cent  silica        „  _  ,    , 
-  =  2.5  to  4. 


=  1.9  to  2.1. 


Per  cent  alumina 
In  the  manufacture  of  Portland  cement  great  care  is  taken  to  see  that 
the  composition  satisfies  the  above.  If  too  much  lime  is  present  the 
cement  will  be  "unsound" — that  is,  in  time  concrete  made  from  it  will 
expand  and  crack.  If  too  little  lime  is  present  the  concrete  will  be  low  in 
strength  and  may  "  set  "  quickly — that  is,  harden  before  the  masons  have 
a  chance  to  place  it  in  the  forms.  Cement  in  which  alumina  is  high  is  also 
apt  to  be  quick  setting,  and  is  hard  to  burn  uniformly.  High  silica  cements 
are  usually  very  slow  hardening,  and  do  not  attain  their  full  strength  for  a 
considerable  period.  Cements  should  not  contain  more  than  5  per  cent 
magnesia,  or  2  per  cent  SO3.  The  latter  is  usually  introduced  in  the 
form  of  gypsum,  and  is  added  to  regulate  the  setting  time  of  the 
cement. 

The  materials  from  which  Portland  cement  is  manufactured 
may  be  divided  into  two  classes:  those  which  supply  the  lime  and 
those  which  supply  the  silica,  iron  oxide  and  alumina.  The  first 
are  termed  calcareous  and  the  second  argillaceous.  The  following 
groups  show  the  principal  materials  used  in  the  manufacture  of  Port- 
land cement. 


vL.OOgiC 


IIME,  CEMENT  AND  PLASTER 
Calcareous  Materials.  Aroillaceous  MaTBbuxb. 


Cement  Rock 

Clay 

Marl 

Shale 

Chalk 

Slate 

Alkali  waste 

Blast  furnace  slag 

The  cement  rock  is  aD  argillaceous  limestone  which  contains  usually 
between  65  and  80  per  cent  carbonate  of  lime.  If  it  contains  more  than 
75  per  cent  it  is  necessary  to  add  clay,  shale  or  slate  to  it  in  order  to  make 
a  satisfactory  mixture  for  burning.  If  it  contains  less  than  75  per  cent  it 
will  be  necessary  to  add  limestone  for  a  similar  purpose. 

limestone  is  usually  mixed  with  clay  or  shale,  marls  and  chalks  with 
clay  or  shale.  Blast  furnace  slag  is  .used  with  limestone.  Alkali  waste 
(or  precipitated  CaCOa,  obtained  from  the  manufacture  of  caustic  soda) 
was  at  one  time  mixed  with  clay,  but  is  not  now  employed  for  the 
manufacture  of  Portland  cement. 

limestones,  marls  and  chalks  which  are  to  be  used  in  the  manu- 
facture of  Portland  cement  should  contain  leas  than  2J  per  cent  magnesia 
and  preferably  not  more  than  3  or  4  per  cent  silica,  iron  oxide  and  alumina 
combined.  Clay,  shales  and  slates  should  all  have  at  least  2)  and  not 
more  than  4  times  as  much  ralica  as  alumina.  Exceptions  to  this  are  in 
the  case  of  a  high  silica  limestone,  with  which  a  high  alumina  clay  may  be 
used  to  advantage,  since  all  that  is  necessary  is  that  the  mixture  shall 
satisfy  the  requirements  expressed  by  the  above  formufas  for  the  com- 
position of  Portland  cement. 

Crushing  and  Pulverizing.  Three  processes  are  employed  for  the 
manufacture  of  Portland  cement — the  dry  process,  a  semi-wet  process, 
and  a  wet  process.  The  dry  process  is  employed  exclusively  for  the 
manufacture  of  cement  from  cement  rock  and  hmestone,  and  also  from 
limestone  and  shale  and  limestone  and  blast  furnace  slag.  The  semi- 
wet  process  is  employed  at  a  few  plants  manufacturing  cement  from 
limestone  and  clay.  The  wet  process  is  employed  by  plants  using  marl 
and  clay. 

The  dry  process  b  an  American  invention,  and  is  much  the  most  eco- 
nomical of  the  three.  In  this  process  the  materials  are  dried  and  mixed, 
ground  to  such  a  degree  of  fineness  that  at  least  92  per  cent  of  the  powdered 
mixture  will  pass  a  100-mesh  sieve,  and  burned  at  a  temperature  of  approx- 
imately 1400  to  1600°  C.  The  resulting  clinker  is  then  mixed  with  2 
to  3  per  cent  gypsum,  and  ground  so  fine  that  at  least  92  per  cent  will  pass 
the  100-mesh  sieve.     The  resulting  product  is  Portland  cement. 

In  the  semi-wet  process  materials  are  ground,  dried  and  mixed  with 
a  small  proportion  of  water  and  introduced  into  the  kiln  in  the  form  of  a 
wet  paste.  The  resulting  clinker  is  ground  with  gypsum  just  as  in  the  dry 
process.  In  the  wet  process  the  wet  marl  and  clay  are  ground  together 
without  drying,  and  often,  after  having  more  water  actually  added  to 
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them,  weighed  and  iotroduced  into  the  kilns  in  the  form  of  a  thin  mud, 
called  slurry,  containing  50  to.  60  per  cent  water,  and  the  clinker  ground 
as  before. 

Limestone,  cement  rock  and  shale  are  quarried,  while  clay  Is  taken 
from  beds  and  marl  is  dredged  from  under  water.  The  stone  is  usually 
blasted  down  in  benches,  an  attempt  being  made  to  shatter  the  rock  as 
much  as  pos»ble.  It  is  then  loaded  either  by  steam  shovels  or  by  hand 
into  cars  and  conveyed  to  the  mill.  Id  the  dry  process  the  product  goea 
from  the  quarry  to  the  storehouse,  and  here  it  ia  treated  in  one  of  a  number 
of  ways.  The  older  method  was  to  dump  the  product  in  large  piles  which 
were  analyzed,  and  from  these  analyses  the  necessary  mixture  of  limestone 
and  clay  was  calculated.  The  rock  was  then  loaded  on  bu^es  or  barrowB 
and  wheeled  to  the  crusher  after  being  weighed,  where  ij  met  another 
buggy  or  barrow  loaded  with  the  other  material  to  be  added.  The  two 
barrows  were  then  dumped  into  the  crusher  together,  one  after  the  other. 
Another  method  employed  is  to  weigh  the  rock  as  it  comes  from  the  quarry 
and  add  to  the  car  containing  it  the  proper  amount  of  limestone  or  clay. 
This  ia  then  dumped  into  the  crusher.  In  the  third  system  rocks  are  crushed 
and  even  partially  ground  separately  and  conveyed  into  bins,  where  they 
remain  until  the  contents  of  the  latter  are  analyzed.  They  are  then  drawn 
out  and  mixed  in  the  proper  proportions. 

The  crushing  is  nearly  always  done  in  a  gyratory  or  Gates  crusher. 
The  jaw  or  Blake  crusher  was  at  one  time  used  to  some  extent;  but  now 
the  Gates  crusher,  owing  to  the  fact  that  it  has  much  greater  capacity  and 
does  not  clog  as  easily,  is  almost  universally  used.  After  being  crushed 
the  rock  is  usually  dried.  This  is  done  by  means  of  rotary  driers. 
These  are  cylinders  of  sheet  steel  from  4  to  6  ft.  in  diameter  and  from  40 
to  60  ft.  in  length.  They  are  unlined,  and  are  usually  provided  with  channel 
irons  bolted  to  the  inside  to  act  as  shelves,  to  carry  the  rock  up  and  drop 
it  through  the  hot  gases.  The  driers  are  heated  by  a  coal  fire  at  the  lower 
end  or  else  by  the  waste  gases  from  the  rotary  kilns.  They  are  similar  in 
construction  to  the  rotary  kilna  described  farther  on,  except  that  they  are 
smaller  and  are  not  lined  with  firebrick. 

I  Marl  is  usually  tonveyed  to  the  mill  by  cars,  barges  or  pipe  Imes  in 
the  form  of  a  thin  mud.  It  is  passed  through  some  form  of  pug  mill 
provided  with  screens  which  separate  out  of  it  any  sticks,  atones,  etc, 
From  the  pug  mill  it  passes  to  large  concrete  basins  or  steel  tanks,  where 
it  is  sampled.  The  clay  is  usually  dried  to  facilitate  chemical  work  of 
making  a  proper  mixture,  and  disintegrated  in  dry  pans.  The  marl  is 
either  measured  or  weighed,  and  the  proper  amount  of  clay  added.  From 
the  measuring  tank  the  mixture  is  pumped  into  a  pug  mill  and  thoroughly 
mixed.  From  the  pug  mill  the  materials  run  into  large  vats,  where  the 
mixture  is  sampled  and  analyzed,  and  if  not  of  correct  compoation  more 
clay  is  added.  The  contents  of  all  vats  are  kept  in  continual  a^tation 
by  means  of  compressed  air  or  mechanical  stirrers.     When  the  material 
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b&s  become  of  correct  chemical  composition  it  is  passed  on  for  the  final 
grinding,  which  is  done  in  tube  mills. 

The  grinding  of  dry  materials  is  usually  done  in  two  stages.  A  number 
of  mills  are  upon  the  market  for  doing  this  grinding.  For  the  preliminary 
grinding  the  ball  mill,  rolls  and  the  hammer-mill  are  used,  while  for  final 
pulverizing  the  Fuller-Lehigh  rr  ill,  the  tube  mill,  the  Griffin  mill,  and  the 
Huntington  mill  are  the  ones  usually  employed.  The  ball  mill  consists 
of  a  drum  filled  with  steel  balls.  The  drum  is  lined  first  with  steel  plates 
which  lap  one  over  the  other  to  form  steps.  As  the  drum  revolves  the 
balls  fall  over  the  steps,  and  so  pound  the  materia  to  pieces.  The  par- 
tially crushed  material  drops  through  boles  in  the  plates  on  to  perforated 
steel  screens  built  around  the  entire  circumference  of  the  drum.  These 
screens  take  out  the  very  coarse  particles  and  return  them  to  the  inside 
of  the  drum.  The  finer  ones  drop  on  another  set  oi  screens  made  of  woven 
wire  cloth,  and  these  separate  the  fully  ground  material  from  th^  coarse 
and  return  the  latter  back  to  the  mill.  The  fully  ground  material  falls 
into  a  dust-proof  casing  which  entirely  surrounds  the  mill,  and  then  down 
to  the  conveyor  under  the  latter,  which  carries  the  coarsely  ground  mate- 
rial on  to  the  next  step.  The  ends  of  the  drum  are  formed  by  circular 
plates,  and  the  material  is  fed  in  through  a  large  opening  in  the  center  of 
one  of  these.  The  material  is  fed  in  by  means  of  automatic  feeders, 
which  regulate  the  quantity  of  the  material  admitted  to  the  mill.  The 
size  of  the  product  is  regulated  entirely  by  the  fineness  of  the  last  set  of 
screens.  When  preparing  for  the  tube  mill,  these  are  usually  16  to  20 
mesh,  while  if  preparing  for  the  Fuller  and  GrifGn  mills,  all  screens  are 
removed.  The  product  of  a  ball  mill  equipped  with  16-m^h  screens  will 
usually,  about  half  of  it,  pass  a  100-mesb  screen. 

The  kominuter  is  a  modification  of  the  ball  mill.  It  consists  of  8  drum 
about  the  same  diameter  as  a  ball  mill,  but  somewhat  longer  than  the 
latter.  The  kominuter  is  lined  just  as  is  the  ball  mill,  with  steel  plates 
which  are  arranged  to  lap  and  form  steps.  The  drum  is  surrounded  by  a 
coarse  screen  tilting  toward  the  feed  end.  The  material  enters  through 
an  opening  at  one  end,  and  is  pounded  to  pieces  by  the  balls.  It  does  not 
fall  out  through  holes  in  the  plates  at  once,  however,  but  travels  through 
the  full  length  of  the  drum,  and  passes  through  openings  at  the  opposite 
end,  on  to  screens.  The  underground  material  is  returned  to  the  mill 
by  means  of  S-shaped  pipes  at  one  end. 

The  Williams  mill  consists  of  hinged  hammers  which  revolve  around 
a  horizontal  shaft.  These  crush  the  material  and  pass  it  out  through  a 
grid,  the  bars  of  the  grid  serving  as  part  of  the  crushing  surface. 

The  tube  mill  consists  of  a  cylinder  20  to  22  ft.  long  and  from  5  ft.  to 
8  ft.  in  diameter,  filled  with  flint  pebbles  or  steel  or  chilled  iron  slugs. 
The  cylinder  is  lined  with  some  hard  substance,  such  as  armor  plat«,  chilled 
iron,  quartz,  or  trap-rock,  and  revolves  at  a  speed  of  from  25  to  27  revolu- 
tions per  minute.    The  material  is  fed  in  through  a  hollow  shaft,  and  leaves 
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either  in  the  same  manner  at  the  opposite  end  or  else  through  a  grating  at 
the  perimeter  of  the  end.  The  flint  pebbles  are  imported  from  Europe, 
and  the  wear  on  them  is  not  great.  Slugs  give  a  greater  output  than 
pebbles  but  require  much  more  power.  Material  is  usually  fed  in  at  a 
r^ular  rate  by  means  of  a  screw  conveyor  operated  by  means  of  some 
form  of  speed-regulating  device.  The  fineness  of  the  product  is  con- 
trolled entirely  by  the  amount  of  material  fed  into  it. 

The  FuUer-Lehigh  Pulverizer  mill,  Fig.  11,  consists  of  a  horizontal  ring 
or  die  against  which  revolve  four  balls.  The  balls  are  propelled  by  means 
of  pushers.  The  die  and  pushers  are  chilled  charcoal  iron  castings.  The 
balls  are  of  steel  forgings.  They  revolve  rapidly  and  hence  press  against 
the  die  with  enormous  centrifugal  force.  The  material  to  be  ground  is  fed 
into  the  hopper  which  serves  the  feeder.  The  material  discharged  by  the 
feeder  falls  down  into  ^le  pan  of  the  mill  situated  below  the  die,  and  is 
drawn  up  from  this  in  between  the  rapidly  revolving  balls  and  stationaiy 
die  by  means  of  currents  induced  by  fans  placed  in  the  chamber  above  the 
die.  The  material  is  pulverized  by  the  rolhng  of  the  balls  against  the  die, 
the  grinding  action  being  similar  to  that  of  a  mortar  and  pestle.  The 
finely  pulverized  material  is  sucked  upwards  by  means  of  the  fans  and 
out  through  the  screens.  The  material  passii^  through  the  screen 
falls  down  between  this  screen  and  the  outer  casing,  and  is  discharged 
from  the  mill  through  the  discharge  spout,  which  may  be  placed  at  any 
one  of  the  four  quarters  of  the  mill.  The  feed  to  the  mill,  and  con- 
sequently the  fineness  of  the  products,  may  be  controlled  in  two  ways: 
either  by  a  slide  on  the  hopper  or  by  means  of  tlie  stepped  pulley,  con- 
nected to  the  screw  conveyor  by  gearii^.  The  mill  is  provided  with 
two  screens,  one — the  inner — of  1-in.  mesh  ajid  made  of  very  heavy  wire 
to  protect  the  outer  one.  The  outer  screen  does  not  re^y  screen,  but 
merely  controls  the  draft  of  air,  and  hence  the  fineness,  uuce  the  greater 
the  velocity  the  greater  the  carrying  power  of  the  asi,  and  hence  the 
coarser  the  product. 

The  Griffin  mill  is  somewhat  similar  to  the  Fuller-Lehigh  mill  in  oper- 
ation. It  consists  of  a  steel  die  against  which  a  roll  also  of  steel  is  made 
to  revolve,  and  it  is  between  these  two  that  the  material  is  ground.  The 
roll  is  suspended  by  a  shaft  from  a  spider,  and  actuated  by  a  pulley  and  a 
universal  joint.  The  fully  ground  material  is  sucked  up  and  foreed  through 
the  screens.  The  coarse  particles  fall  back  into  the  pans  of  the  mill  and 
are  thrown  up  between  the  roll  and  the  die  by  means  of  a  plow  attached 
to  the  roll.  The  finished  product  passes  through  the  screen  and  travels 
from  these  to  the  outer  casing  and  thence  through  openings  in  the  base 
of  the  mill  to  screw  conveyors. 

The  degree  of  fineness  to  which  the  raw  material  is  to  be  ground 
depends  entirely  upon  conditions.  It  is  stated  as  a  general  rule  it  should 
never  be  ground  coarser  than  90  percent  through  the  100-mesh  sieve,  and 
in  most  cases  95  to  98  per  cent  is  required  to  produce  a  sound  peinen^ 
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The  finer  the  grinding  the  more  perfect  the  combin&tioD  between  the 
silica,  the  alumina,  the  iron  and  the  lime.  If  the  raw  materials  are  not 
finely  enough  ground,  the  cement  will  be  unsound—  that  is,  some  of  the  lime 
will  not  combine  and  will  cause  the  cement  to  disintegrate. 

The  material  is  usually  carried  from  one  part  of  the  process  to  another 
by  mechanical  means.     Belt  conveyors  are  used  for  the  coarser  material  . 
and  screw  conveyors  for  the  finely  pulverized.     Marl  and  slurry  are  pumped 
through  pipe  lines,  sufficient  water  being  added  to  make  them  flow  easily. 

In  the  early  days  of  the  American  Portland  cement  industry,  the  burn- 
ing was  done  in  intermittent  upright  kilns,  similar  to  those  used  for 
burning  lime.  These  were  soon  improved,  so  as  to  economize  fuel  by  makii^ 
them  continuous  in  action.  This  allowed  the  charge  to  receive  the  waste 
heat  from  the  clinkering  of  the  cement,  and  the  air  for  combustion  to  be 
preheated,  by  passing  through  the  fully-burned  material,  this  serving  also 
to  cool  the  latter.  These  upright  kilns  required  that  the  material  be 
moulded  into  small  balls  or  bricks,  which  of  course  necessitated  much  hand 
labor.  When  the  material  to  be  burned  was  not  plastic,  like  a  mixture 
of  limestone  and  clay,  it  was  further  necessary  to  add  a  binder,  such  aa 
coal  tar  or  cement  itself.  About  1887,  a  rotary  kiln  was  introduced,  and 
this  b  the  form  of  kiln  now  universally  used  in  this  country,  aa  it  allows 
the  material  to  be  fed  directly  into  it,  either  in  the  form  of  a  powder  or 
a  slurry,  thus  saving  much  labor. 

Rotaiy  Eiln.  The  rotary  kiln,  in  its  usual  form.  Fig.  143,  consists  of 
a  cylinder,  from  6  to  8  feet  in  diameter  and  from  60  to  150  ft.  long, 
made  of  sheet  steel  and  lined  with  firebrick.  The  steel  sheets  are  from 
J  to  VV  hi.  thick,  and  are  held  together  by  single-strap  butt  joints.  This 
long  cylinder  is  supported  at  a  very  slight  pitch  {J  in,  to  the  foot)  from 
the  horizontal,  on  two  or  more  tires  made  of  rolled  steel ,  which  in  turn 
revolve  on  heavy  friction  rollers.  The  kiln  is  driven  at  a  speed  of  from 
one  turn  a  minute  to  a  turn  in  two  minutes  by  a  girth-gear  situated  near 
its  middle,  and  a  train  of  gears.  The  power  is  supplied  by  either  a  line 
shaft  or  a  motor.  The  upper  end  of  the  kiln  projects  into  a  brick  flue, 
which  is  surmounted  by  a  steel  stack,  also  lined  with  firebrick  for  its 
entire  height.  The  flue  is  provided  with  a  door  at  the  bottom,  which 
serves  not  only  to  allow  the  flue  to  be  cleared  of  the  dust  which  accumu- 
lates in  it,  but  also  as  a  damper  to  control  the  draft  of  the  kiln. 

The  material  to  be  burned  is  usually  fed  into  the  kiln  through  a  hor- 
izontal water-jacketed  screw  conveyor,  or  else  spouted  into  it  through 
8D  inclined  cast-iron  pipe.  When  slurry  is  to  be  burned  this  is  pumped 
into  the  kiln.  The  dry  raw  material  is  kept  in  large  steel  bins  above  the 
feeding  device,  while  slurry  is  stored  in  vats,  in  order,  in  either  case,  to 
have  on  hand  a  constant  and  regular  supply.  The  raw  material  feeding 
device  is  usually  attached  to  the  driving  gear  of  the  kiln,  so  that  whea 
the  kiln  stops  the  feed  also  stops. 

The  lower  end  of  the  kiln  is  closed  by  a  firebrick  hood.     This  is  usually 
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mounted  on  rollers,  so  it  can  be  moved  away  from  the  kiln  when  tbe  latter 
has  to  be  relined.  The  hood  is  provided  with  two  openings:  one  for  the 
entrance  and  support  of  the  fuel-burning  apparatus,  and  the  other  for 
observing  the  operation,  temperature,  etc.,  of  the  kiln,  and  through  which 
bars  may  be  inserted  to  break  up  the  rings  of  material  which  form,  and  to 
patch  and  repair  the  lining.  The  lower  part  of  the  hood  is  left  partly 
open.  Through  this  opening  the  clinker  falls  out  and  most  of  the  air  for 
combustion  enters. 

The  kiln  is  heated  by  a  jet  of  burning  fuel,  usually  powdered  coal, 
but  sometimes  (as  in  Kansas)  natural  gas  and  (as  in  California)  fuel  oil 
are  used.  The  coal  is  blown  in  by  a  blast  of  air  supplied  by  either  a 
fan  or  air  compressor.    If  the  fan  is  used,  about  20  per  cent  of  the  air 
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necessary  for  combustion  is  supplied  this  way.  If  the  compressor  is 
employed,  only  5  to  10  per  cent  of  the  air  is  deUvered  by  the  compressor. 

The  necessary  temperature  of  the  hottest  part  of  the  kiln  is  about 
1400°  C,  and  is  rarely  ever  less  than  1600°  C.  To  properly  maintain 
this  temperature,  about  80  lbs.  to  160  lbs.  of  fuel  are  required  per  barrel 
of  cement,  the  actual  amount  depending  on  the  coal  itself,  the  material 
to  be  burned  and  the  dimensions  of  the  kiln.  The  longer  the  kiln,  the  greater 
economy  it  will  show.  Dry  materials  require  much  less  coal  than  slurry. 
With  limestone  and  shale  mixture,  and  a  kiln  100  ft.  long  by  7  ft.  in  diam- 
eter, the  coal  consumption  will  amount  to  about  90  lbs.  of  good  gas  slack 
per  barrel.  A  kiln  60  ft.  long  by  6  ft.  in  diameter  will,  on  the  other  hand, 
require  about  110  lbs.  of  this  material  per  barre!. 

Of  the  heat  supplied  to  the  kiln  by  the  burning  of  the  coal,  by  far  the 
larger  proportion  is  wasted.  About  50  to  75  per  cent  of  it  is  carried  off 
by  the  waste  gases  of  the  stack,  and  from  10  to  15  per  cent  by  the  hot 
clinker  falling  from  the  lower  end  of  the  kiln.  The  gases  enter  the  stack 
at  from  £00°  to  800°  C,  and  the  clinker  leaves  the  kiln  at  not  much 
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under  1200°  C.  If  the  kiln  could  be  made  to  show  the  Bame  ecoaomy  aa 
is  common  in  good  boiler  practice,  a  barrel  of  cement  could  be  burned 
with  25  Ibe.  of  coal. 

As  we  have  said  the  gases  leave  the  dry  process  kihi  at  about  800°  C. 
A  number  of  plants  have  recently  installed  boilers  at  the  end  of  the  kilns 
and  lead  the  waste  gases  through  these.  By  so  doing  they  obtain  about 
one-lhird  to  one-half  the  power  needed  in  the  plant  from  the  kilns. 
Watei^tube  boilers  are  employed  and  also  an  elaborat«  system  of  flues  in 
which  some  of  the  dust  in  the  waste  gases  is  deposited.  The  flow  of  gases 
through  the  boilers  at  a  high  velocity  is  one  of  the  requisites  for  success- 
ful employment  of  the  waste  gases  for  steam  generation  and  this  is  obtained 
by  means  of  an  inducted  draft  fan. 

The  raw  material  as  it  enters  the  kiln  conttuns  about  33  per  cent  carbon 
dioxide.  For  the  first  30  ft,  of  its  journey  through  a  lOO-ft.  kiln,  it  is 
merely  heated  up,  and  whatever  water  it  contains  is  driven  off.  In  the 
nojct  40  ft.  it  loses  all  its  carbon  dioxide  and  sticks  together,  forming 
small,  soft,  lemon-yellow  balls,  which,  as  they  reach  the  hottest  part  of 
the  kiln — the  last  30  ft. — ^partially  vitrify,  become  rough  and  hard,  and  tura 
to  a  greenish-black  color.  Properly  burned  Portland  cement  clinker  is 
greenish-black  in  color,  of  vitreous  luster,  and,  usually,  when  just  cooled, 
sparkles  with  little  bright  glistening  specks.  It  forms  in  lumps  from  the 
size  of  a  walnut  to  hardly  more  than  dust,  with  here  and  there  a  larger 
lump.  Under-burned  clinker  is  more  or  less  soft,  is  irregular  in  shape, 
and  not  so  black  as  the  well-burned  material.  Under-burned  clinker 
usually  shows  soft-brown  centers,  but  hard-brown  centers  are  due  to  very 
bard  burning. 

When  coal  is  used  for  burning,  this  is  pulverised  in  mills  similar  to 
those  used  for  grinding  the  raw  materials.  It  is,  however,  first  crushed 
by  passing  it  through  rolls  or  pot  crushers,  and  then  dried  in  rotary  driers 
of  special  type.  The  mills  most  used  for  coal  pulverizing  are  the  Fuller 
mill  and  the  tube  mill.  The  latter  need  not  be  preceded  by  a  ball  mill. 
The  coal  should  be  pulverized  so  that  90  per  cent  of  it  will  pass  a  sieve 
having  100  meshes  to  the  linear  inch,  and  should  contun  from  30  to  45 
per  cent  volatile  matter. 

Normally  in  the  dry  process  from  3  to  5  per  cent  and  in  the  wet  process 
from  2  to  3  per  cent  of  the  raw  material  is  carried  away  in  the  exit  gases 
of  the  kiln  as  dust.  Various  schemes  have  been  tried  with  a  view  to  elimi- 
nating the  dust  such  as  settling  chambers,  water  sprays  and  electrical 
precipitation.  The  latter  is  the  only  method,  however,  which  Is  used  to 
any  extent.  Several  installations  of  this  system  are  now  in  operation. 
The  dust  collected  by  the  latter  is  found  to  contain  cousiderable  potash 
some  of  which  is  water-aoluble  and  can  be  used  for  fertilizer.  About 
half  the  potash  in  the  raw  material  is  volatilized  in  the  kiln  and  this  can 
be  collected  by  means  of  electrical  precipitation.  Ordinarily  about 
2  Ibe.  of  KaO  are  obtained  per  barrel  of  cement  produced,  the  dust  generally 
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containing  from  10  to  15  per  cent  total  K3O  and  from  2  to  10  per  cent 
water-soluble  K2O- 

Cooler.  As  the  clinker  leaves  the  kiln  at  about  2000''  F.,  it  is  entirely 
too  hot  to  grind,  and  must  be  cooled  to  ordinary  air  temperatures.  This 
can  be  done  by  allowing  it  to  lie  in  piles;  but,  as  it  is  a  slow  way  of  doing 
it,  mechanical  devices  are  usually  resorted  to.  These  may  consist  of  either 
revolving  horizontal  cylinders  or  vertical  stationary  coolers.  The  former 
consist  of  steel  cyliaders  provided  with  angle  irons  on  their  in^sides  to 
carry  the  material  up  and  drop  it  through  the  current  ot  wr  passing  through 
-the  cylinders.  They  are  mounted  on  tires  and  rollers,  just  as  are  kilns 
and  driers,  and  revolve  at  a  speed  of  about  a  turn  or  two  a  minute.  They 
are  usually  placed  below  the  kiln,  and  the  clinker  falls  from  the  kiln  into 
them.  The  air  for  cooling  is  also  drawn  through  them  into  the  kiln  by 
the  draft  of  the  latter.  They  thus  serve  not  only  to  cool  the  clmker, 
but  also  to  preheat  the  sir  entering  the  kiln. 

The  upright  cooler,  shown  in  Fig.  144,  is  almost  universally  used  in  the 
Lehigh  district.  It  consists  of  an  upright  steel  cylinder,  8  ft.  in  diameter 
and  35  feet  high,  provided  with  baffle  plates  and  shelves. 
As  the  clinker  falls  over  these,  it  meets  a  current  of  air 
blown  in  through  a  perforated  pipe  running  up  through 
the  center  of  the  cylinder,  and  is  thus  cooled.  The 
clinker  is  carried  from  the  kiln  into  these  latter  coolers 
by  means  of  bucket  elevators,  water  being  run  into  the 
buckets  to  keep  them  cool.  This  also  suddenly  chills 
the  clinker  and  makes  it  brittle  and  easier  to  grind. 

After  cooling,  the  clinker  is  ground  in  Griffin  mills  or 
ball  and  tube  mills.  In  the  case  of  the  Griffin  mills,  it  is 
usui^y  found  more  economical  to  crush  the  clinker  down 
to  pea  size  by  a  set  of  rolls,  before  feeding  to  the  mills. 
Kent  mills  and  air  separators,  and  also  Kent  mills  which 
grind  as  preparation  for  the  other  mills,  are  used  to  a 
limited  extent.  The  chnker  should  be  ground  ao  fine 
that  at  least  92  per  cent  of  it  passes  a  sieve  having  100 
meshes  to  the  linear  inch. 

In  order  to  r^ulate  the  set  c^  the  cement,  since 
clinker  ground  alone  would  set  very  rapidly,  it  is  neces- 
sary to  add  to  it  calcium  sulphate  in  some  form  or  other, 
usually  as  gypsum,  or  plaster  of  Paris.  -As  this  can  be 
moat  easily  muted  with  the  cement  during  grinding,  it 
is  the  usual  practice  to  add  the  retarder  to  the  clinker  before  the  latter 
is  ground,  and  to  grind  the  two  together.  The  amount  of  gypsum  or 
plaster  of  Paris  used  is  usually  about  2  or  3  per  cent  of  the  w^gbt 
of  the  clinker. 

After  passing  throi^h  the  canker  mills,  the  c«nent  is  conveyed  to 
the  stock  bouse.     This  usually  consists  of  a  long,  low  building  of  wood. 
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stone  or  concrete,  cut  up  into  bine.  The  cement  is  brought  in  by  an 
overhead  screw-cooveyor  and  dropped  into  any  desired  bin  by  means 
of  a  slide  in  the  bottom  of  the  conveyor  trough.  A  screw-conveyor  also 
runs  under  the  floor  of  the  stock  house,  at  the  ends  of  the  bins.  The 
latter  are  provided  with  removable  board  ends,  and,  when  it  is  desired 
to  pack  from  any  bin,  these  ends  are  removed  and  the  cement  allowed 
to  run  into  the  sSrew-conveyor.  When  the  cement  ceases  to  run,  it  is 
necessary  to  either  pull  it  into  the  conveyor  with  a  broad-blade  hoe,  or 
else  to  wheel  it  there  in  barrows.  The  screw-conveyors  then  carry  it  to 
the  packing  machines,  which  are  similar  to  those  used  in  flour  mille.  At 
some  of  the  newer  plants  reinforced  concrete  silos  are  used  for  storing 
the  cement. 

Cement  is  packed  into  barrels  holding  380  lbs.,  or  into  paper  or  cloth 
bags  holding  95  Iba.  each.  The  cement  is  packed  as  shipped,  and  the 
bags  or  barrels  are  trucked  directly  to  the  cars.  For  this  reason  the  pack- 
ing-room floor  is  on  a  level  with  the  floor  of  the  cars  to  be  loaded,  and 
these  latter  are  brought  alongside  of  the  room.  A  shed  roof  should  run 
out  over  the  cars,  so  the  loading  can  be  done  in  stormy  weather.  Cars 
usually  hold  from  100  bbls.  to  250  bWs.  of  cement,  with  150  bbls.  for  an 
average. 

Much  more  cement  is  packed  in  cloth  bags  than  in  anything  else. 
In  the  case  of  these  bags,  the  consumer  is  chai^d  with  the  value  of  the 
bag,  and  credited  by  a  certain  amount  if  the  bag  is  returned  in  good  con- 
dition. The  bf^  are  ail  marked  with  the  brand  label  of  the  manufacturer, 
and  so  each  ntanufacturer  knows  his  own  bags.  Barrels  and  paper  bags 
are  sold  to  the  customer,  and  are  not  returnable. 

Raster  of  Paris.  Plaster  of  Paris  is  made  from  gypsum  by  heatii^  the 
latter  to  a  temperature  of  between  212  and  400°  F.,  when  three-quarters 
of  the  water  of  crystallization  of  the  gypsum  is  driven  off,  the  resultii^ 
product  being  plaster  of  Paris. 

2(CaS042H20)  =  (CaSO4)2H20-|-3H20. 

In  actual  practice  the  temperatures  employed  to  bring  about  this 
reaction  are  330  to  395°  F.  If  gypsum  Is  heated  above  400°  F.,  it  loses 
all  of  its  water  of  combination  and  becomes  anhydrous  sulphate  of  lime, 
the  latter  being  the  basis  of  hard  finish  plaster,  floor  plaster,  Keene's 
cement,  etc. 

When  plaster  of  Paris  is  mixed  with  water  it  sets  or  hardens  very 
promptly,  this  change  being  due  to  absorption  of  water,  forming  gypsum 
agwn. 

(CaSO«)iH20+3H20  =  2CaS042H20. 

A  pure  plaster  of  Paris  will  normally  harden  or  set  in  from  five  to  fifteen 
minutes  after  having  been  mixed  with  water.  If  the  gypsum  from  which 
the  plaster  ia  made  contains  impurities,  the  set  will  be  much  slower  than 
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this.  Plaster  to  be  used  for  building  purposes  must  be  alow  setting. 
For  om&mental  use,  it  must  also  be  white;  and  since  the  impurities  usu^ 
ally  render  the  plaster  slightly  colored,  it  is  the  common  practice  to  add 
retarders  to  the  plaster  before  placing  thj  same  upon  the  market.  The 
materials  used  as  retarders  are  usually  of  a  colloidal  nature,  such  ae  glue, 
sawdust,  blood,  packing-house  tankage,  etc.  Retarders  now  used  are 
usually  made  by  digesting  hair  with  ca,ustic  soda.  If  a^ery  quick-setting 
plaster  is  desired,  crystallized  salts  are  employed,  such  as  common  salt, 
sodium  sulphate,  sodium  carbonate,  etc. 

Gypsum,  the  raw  material  from  which  plaster  is  made,  is,  when  pure, 
a  hydrous  sulphate  of  lime,  CaS042H20.  As  mined,  however,  gypsum 
usually  contains  a  considerable  percentage  of  impurities,  the  chief  of  which 
are  clay,  calcium  carbonate  and  magnesium  carbonate.  The  following 
table  pves  the  analyses  of  some  American  gypsums: 


LonUty. 

SiO, 

F..0. 

CsCO, 

MCO. 

CmSO. 

H^ 

0,10 
0.35 

1.21 
2.17 
17.95 

10,67 

0.02 
0.12 
0,50 
0.24 
1.43 
0.60 

l.M 
0.10 

2.38 
2.68 

10.21 

trace 
0.25 

0.95 

i^io 

78,60 

78.73 
77.19 
75.11 
61.00 
59.48 

Impure  earthy  gypsum,  such  as  that  shown  in  the  last  two  analyses 
of  the  above  table,  is  known  in  the  trade  as  gypsum  earth  or  gypsite. 

Gypsum  occurs  usually  in  the  form  of  beds,  frequently  associated  with 
deposits  of  rock  salt,  and  almost  always  interstratified  with  beds  of  lime- 
stone and  shale.  The  beds,  of  course,  vary  greatly  in  extent  and  thickness, 
some  of  them  being  as  thick  as  60  ft.,  while  a  great  many  of  them  are  very 
much  smaller  than  this.  The  princip^  gypsum  deposits  found  in  this 
country  He  in  three  geological  series — namely,  the  Salina  group  of  the 
Silurian,  the  Lower  Carboniferous  and  the  Permian.  The  localities  in 
this  country  which  produce  gypsum  are  central  and  western  New  York, 
southwest  Virginia,  northern  Ohio,  Michigan,  and  a  great  many  of  the 
western  states,  Kansas  and  Oklahoma  being  large  producers. 

The  usual  plan  of  working  the  gypsum  deposits  is  by  mining,  and 
deposits  seldom  He  near  enough  to  the  surface  for  quarrying.  For  the 
most  part  the  mining  methods  are  crude. 

The  operation  of  manufacturing  plaster  of  Paris  from  gypsum  con^sts 
in  first  crushing  and  grinding  the  gypsum,  then  calcining  the  ground 
product,  and  finally  pulverizing  the  calcined  product,  after  which  the 
retarders  are  added.  In  some  plants,  the  gypsum  is  merely  crushed  and 
calcined,  the  calcined  rock  then  being  ground  very  finely.  Where  the 
kettle  process  is  employed,  the  pulverizing,  however,  is  done  before  the 
c^ciait^.  Where  the  rotary  cylinder  process  of  calcining  is  used,  the  pul- 
verizii^  is  done  after  the  calcining. 
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The  process  of  preparir^  the  gypsum  for  the  kettles  usually  condsts 
in  first  crushing  it  to  such  a  size  that  it  will  pass  a  2-iu.  screen.  The  crush- 
ers employed  for  this  purpose  are  of  both  the  Blake  and  the  Gates  types. 
The  former  type  is  especially  devised  for  cracking  gypsum.  After  the 
coarse  crushers,  the  gypsum  is  further  reduced  by  means  of  a  double 
cone  or  pot  crusher.  These  crack  the  gypsum  to  such  a  size  that  most  of 
it  will  pass  a  i-in.  ring  screen.  From  the  pot  crusher  the  gypswn  passes 
to  buhrstones,  rock-emery  mills  or  in  the  newer  plants  Raymond  milla. 
These  reduce  the  gypsum  so  that  about  60  to  95  per  cent  of  it  will  pass  a 
No.  100  mesh  sieve,  the  finer  the  better  the  product.  It  is  then  ready 
to  be  fed  to  the  kettles. 

Gyfsam  Kettle.  The  gypsum  kettle  consists  of  a  steel  cylinder  set 
in  brick  work.  The  bottom  of  the  kettle  is  made  of  cast  bon,  and  is 
convex  in  shape.  The  bottom  has  a  thickness  of  about  f  in.  at  the  edges 
and  4  in.  at  the  crown.  This  kettle  bottom  is  a  very  important  part 
of  the  apparatus,  and  is  the  part  which  seems  to  need  oftenest  repairing. 
If  made  from  ordinary  scrap  iron  they  are  apt  to  crack.  Sheet  steel 
has  been  tried,  but  does  not  seem  to  be  as  good  as  the  cast  iron.  The 
kettle  itself,  which  is  placed  on  the  kettle  bottom,  is  made  of  boiler 
iron,  I  to  i  in.  thick.  It  is  from  8  to  10  ft.  in  diameter  and  6  to  8  ft. 
deep.  A  kettle  of  this  size  will  hold  from  7  to  12  tons  of  pulverized 
gypsum  and  produce  from  5i  to  10  tons  of  plaster.  The  kettle  is 
provided  with  from  two  to  four  flues,  12  in.  in  diameter,  placed  hori- 
zontally about  8  in.  above  the  crown  of  the  kettle  bottom,  and  separated 
externally  about  6  in.  The  kettle  is  surrounded  by  brick  work,  so  that 
the  heated  gas  from  the  fire  may  rise  around  its  sides  and  through  the 
flues.  The  top  of  the  kettle  is  covered  with  sheet  iron,  has  a  movable 
door  and  a  vent  to  carry  off  the  water.  The  two  kettles  are  usually 
placed  side  by  side  and  work  in  purs. 

It  is  necessary  that  the  material  in  the  kettle  be  continually  agitated. 
For  this  purpose  the  kettle  is  provided  with  a  stirrer,  which  is  actuated 
by  a  vertical  pinion  wheel  and  a  line  shaft.  The  stirrer  itself  consists 
of  a  cross  arm  which  is  curved  to  conform  to  the  bottom  of  the  kettle  and 
provided  with  either  paddles  or  a  chain  which  drags  along  the  kettle 
bottom.  The  stirrer  b  run  at  about  15  to  20  revolutions  per  minute,  and 
is  so  arranged  as  to  throw  the  material  towards  the  center  of  the  kettle. 
About  15  or  20  horse-power  is  required  to  operate  the  stirrer.  If  the 
gypsum  is  not  stirred  the  charge  will  settle  down  and  become  hard.  The 
bottom  would  be  also  immediately  melted  out  of  the  kettle.  In  starting 
a  kettle  the  heat  is  gradually  applied,  the  crude  material  is  fed  in  through 
the  chai^ng  door  and  the  stirrer  put  in  motion.  The  material  is  added 
gradually  until  the  kettle  is  full.  As  the  temperature  rises,  the  water 
b^ins  to  be  driven  off.  The  mechanically  held  water  is  first  driven  off 
at  a  temperature  of  212°  F.,  after  which  the  contents  of  the  kettle  remain 
fairly  quiet  until  a  temperature  of  290°  F.  is  reached,  when  the  material 
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be^ns  to  boil  and  the  water  of  combinatioQ  be^ns  to  be  driven  off.  An 
expert  calciner  can  tell  by  the  way  in  which  the  charge  boils  when  the  proc- 
ess is  finished.  When  the  material  has  been  calcined  sufficiently  it  ia 
ruQ  by  means  of  a  small  grate  in  the  side  of  the  kettle  into  a  pit. 

In  burning  pure  gypsum  the  temperature  rarely  exceeds  340'  F. 
Thermometers  may  here  be,  used  to  advantage.  In  gypsite  plants,  how- 
ever, a  tugher  temperature  is  required,  which  may  sometimes  reach  as 
high  as  390°  F.  Here,  owing  to  the  complexity  of  the  material,  the  proper 
temperature  for  calcining  varies,  and  thermometers  cannot  be  used.' 

The  gypsum  kettles  are  arranged  in  pairs,  with  a  pit  to  each  pair  of 
kettles,  in  order  that  the  pit  may  be  emptied  from  one  charge  while  the 
other  is  being  cooked.  The  calcined  material  is  carried  from  the  pit, 
by  means  of  an  elevator,  to  a  bolting  reel,  where  the  coarse  material, 
usually  amounting  to  only  a  few  per  cent,  is  screened  out,  sent  back  to 
buhrstones  and  reground.  From  the  bolting  reel  the  material  is  con- 
veyed to  a  storage  bin.  There  are  usually  several  of  these  in  order  to 
separate  the  runs  of  different  days. 

-  Cummer  System.  The  Cummer  system  of  calcining  consists  in  first 
partially  crushing  the  material,  so  that  it  will  pass  a  1-in.  ring  screen.  The 
gypsum  crushed  to  this  state  is  fed  mechanically  into  a  rotary  drier  or 
calciner.  The  material,  in  passing  through  the  calciner,  is  heated  to  a  tem- 
perature of  from  350'°  to  400°  F.,  the  exact  temperature  depending  upon  the 
nature  of  the  rock.  From  the  drier  the  gypsum  is  carried  into  a  storage  bin. 
These  bine  are  built  of  vitrified  brick  or  concrete,  so  that  they  will  not 
take  fire  or  absorb  the  moisture  given  off  by  the  gypsum.  Thes&  bins 
are  also  so  constructed  that  the  material  is  thoroughly  ventilated.  In 
these  bins  the  calcining  is  completed,  the  moisture  being  driven  off  by  the 
residual  heat  of  the  rock  itself.  After  the  gypsum  has  been  partly  dehy- 
drated in  these  bins  it  is  drawn  out,  crushed,  ground,  pulverized  and  bolted. 

The  retarder  Is  added  to  the  gypsum  after  this  has  been  finely  ground. 
Usually  from  2  to  15  lbs.  of  the  former  are  required  for  every  ton  of  plaster. 
The  mixing  is  done  in  some  form  of  a  mechanical  mixer.  The  Broughton 
mixer  is  extensively  used  for  this  purpose.  An  ordinary  wall  plaster 
will  also  contain,  in  addition  to  a  retarder,  a  certain  per  cent  of  finely  picked 
hair  or  other  fiber,  in  the  proportion  of  about  li  to  3  lbs.  of  hair  to  a  ton 
of  plaster.  Wood  fiber  is  sometimes  added  as  a  substitute  for  hair,  and 
such  use  is  growing. 

Plaster  is  usually  packed  in  jute  sacks  containing  100  lis.,  or  in 
paper  bags  containing  80  lbs.  It  b  customary  in  the  plaster  trade,  as  in 
the  cement  trade,  to  charge  for  the  jute  sacks,  and  give  a  rebate  on  the 
return  of  the  latter.  Where  the  plaster  is  packed  in  paper  bags,  a  charge 
is  usually  made  for  these  latter. 

Flooring  plaster  and  hard-finished  plaster  are  also  gypsum  products 
made  by  burning  this  mineral  until  all  of  its  water  of  crystallization  is 
driven  off.    Flooring  plasters  are  prepared  by  simply  burning  gypsum 
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at  a  high  temperature,  while  the  hard-finish  plasters  are  produced  by  a 
double  bumiog  with  the  intermediate  use  of  some  chemical.  Practically 
all  of  these  plasters  are  imported.  Flooring  plasters  are  manufactured 
by  burning  pure  gypsum,  broken  into  lumps,  in  a  vertical  kiln.  The  kiln 
is  heated  by  means  of  a  grate,  to  one  aide  of  the  kiln,  upon  which  coal  is 
fired.  The  hot  products  of  combustion  pass  through,  and  so  heat  the 
gypsum  in  the  kiln.  The  temperature  reached  is  about  900°  F.  The 
time  of  burning  Is  four  hours.  These  floor  plasters  give  a  very  hard  and 
durable  surface.     They  must  be  very  carefully  used  to  prevent  crackii^. 

Of  the  hard  plasters,  Keene's  is  the  best  known,  and  was  originally 
manufactured  under  an  English  patent.  This,  however,  has  long  since 
expired.  This  cement  is  not  only  imported  into  this  country,  but  is  also 
manufactured  to  some  extent  here.  It  is  made  by  burning  a  very  pure 
gypsum  at  a  red  heat.  The  resulting  anhydrous  calcium  sulphate  is  im- 
mersed in  a  batb  of  alum  solution  and  dried,  after  which  it  is  again  burned 
at  a  high  temperature,  finely  ground  and  placed  upon  the  market.  It 
is  necessary  to  employ  a  very  pure  gypsum,  as  the  slightest  trace  of  iron 
would  color  the  cement, 

Puzzolan  Cements.  Puzzolan  cements  are  of  ver>  ancient  ori^n,  and 
in  most  of  the  engineering  work  done  by  the  Romania  this  cement  was 
employed.  They  manufactured  it  by  mixing  slaked  lime  with  fine  volcanic 
ash.  These  cements  are  still  employed  to  some  extent  in  Europe,  but 
have  never  foimd  a  market  in  this  country.  A  cement  manufactured 
from  blast  furnace  slag  and  slaked  lime  was  made  at  one  time  in  this 
country  by  a  number  of  concerns,  but  at  the  present  time  its  manu 
facture  has  been  almost  entirely  discontinued.  The  activity  of  this  class 
of  cements  depends  upon  the  fact  that  the  volcanic  ash  and  slag  both 
contain  soluble  silicic  acid,  which  readily  enters  into  combination  with 
calcium  hydrate  to  form  silicates. 

In  manufacturing  slag  cement,  the  cement  is  chilled  and  granulated 
by  running  it  while  still  molten  into  water  or  by  directing  a  stream  of  water 
against  a  stream  of  melted  slag.  This  slag  is  then  mixed  with  slaked  lime 
and  very  finely  ground.  Slag  cement  must  not  be  confounded  with 
Portland  cement  made  from  slag.  Several  new  forms  of  slag  cement  have 
recently  been  introduced.  These  consist  in  granulating  slag  of  proper 
composition  with  water  and  mixing  the  slag  so  obt^ned  with  a  small 
percentage  of  Portland  cement  clinker.  The  "  Passow  Cement,"  manu- 
factured in  Germany,  is  of  this  class. 
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CHAPTER  XI 


CLAY,  BRICK,  AND  POTTERY 


ALLEN  ROOESS 

Clays.  This  term  applies  to  certain  natural-occuiriiig,  earthy  Toa^ 
terials  which  are  plastic  when  wet,  but,  when  heated  to  a  high  temper- 
ature, become  hard  and  retain  the  shape  of  the  molded  article.  Clay  is 
of  Becondaiy*  origin,  resulting  usually  from  the  weathering  of  feldspatbic 
rock,  like  granite.  When  found  overlying  the  rock  from  which  it  has 
been  formed,  it  is  termed  primary  or  residual  clay;  when  washed  from 
the  origiiial  bed  and  deposited  elsewhere,  it  is  called  secondary  clay. 

Without  plasticity,  the  property  that  makes  clay  valuable  in  manu- 
facture, it  would  be  comparatively  useless.  Many  theories  have  been 
advanced  to  account  for  this  physical  property,  the  most  generally  ac- 
cepted being  the  "Water  of  hydration  theory,"  based  upon  the  relation 
of  plasticity  to  the  aowimt  of  hydrated  sihcate  of  aluminium  present. 
Among  other  theories  are  the  "Plate  theory,"  "Jnterhcking-^ain  theory," 
"BaU  theory,"  and  "Cc^ioid  theory" 

Classificatioii  of  Clays.  Clays  may  be  classified  according  to  their 
origin,  physical  and  chemical  properties,  or  uses.  Of  the  several  clasei- 
ficatioos  only  that  of  Orton  will  be  given: 

1.  Kaolin 

2.  China  clay 

3.  Porcelain  clay 

4.  Fire  clay  (hard) 

5.  Fire  clay  (plastic) 

6.  Potters'  clay 

1.  Argillaceous  shale 
(Paving  block) 

2.  Ferruginous  shale 
(Pressed  brick) 

3.  Siliceous  clays 
(Sewei^pipe  and  paving  brick) 

4.  Tile  clays 

5.  Brick  clays 

6.  Calcareous  shale 
(Brick) 


High-grade  clays 

(SO  per  cent  or  more  kaohn  with 

Bilioa) 


Low-^rade  clays 

(10  to   70   per   cent    kaolin   with 

notable  percentage  of  fiuxing  ele- 
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Kaolin.  This  group  comprises  white-bumii^  clays  compounded 
almost  wholly  of  silica,  alumina,  and  chemically  combined  water,  with 
a  alight  percentage  of  fluxing  material  such  as  iron.  Their  fonnation  is 
.  principally  due  to  the  weathering  of  pegmatic  veins,  although  in  some 
cases  they  have  originated  from  granite,  quartz,  and  limestone.  When 
mined  they  contain  a  greater  or  less  amount  of  i>arent  rock,  removable 
by  washing.  They  occur  quite  widely  distributed  in  the  United  States 
east  of  the  Mississippi,  but  are  less  important  in  Missoiu^,  Utah,  and 
Texas.  Kaolin  is  used  in  the  manufacture  of  white  wear,  porcelain,  tUes, 
and  as  a  filler  for  paper. 

Ball  Clay.  These  clays  are  white-burning,  but  differ  from  the  kaohns 
in  that  they  are  plastic.  They  find  extensive  application  in  the  manu- 
facture of  white  ware,  providing  the  necessary  bonding  jwwer.  They 
must  be  as  free  as  possible  from  iron  oxides  and  possess  considerable 
tensile  strength.  They  occur  mostly  in  Florida,  Kentucky,  Tennessee, 
and  New  Jersey. 

Fire  CUys.  These  are  capable  of  withstanding  high  temperature  and 
owe  their  refractiveness  in  most  part  to  the  large  amount  of  silica  and 
small  amount  of  fluxing  agents  they  contain.  They  vary  widely'  in  their 
physical  and  chemical  properties,  showing  great  differences  in  color, 
plasticity,  texture  and  tensile  strength.  They  are,  as  a  rule,  Hght  in 
color,  ranging  from  gray  to  yellowish-red.  The  deposits  may  be  of  either 
primary  or  secondary  origin  and  may  be  divided  into  plastic  and  flint 
clays,  the  former  being  plastic  when  wet,  the  latter  hard  and  flinty, 
even  when  finely  ground,  but  highly  refractory.  They  occur  quite 
widely  distributed  over  the  United  States.  Fire  clays  are  manufactured 
into  fire-bricks,  retorts,  furnace  finings,  crucibles,  and  terra-cotta;  while 
a  special  grade  also  adapts  itself  to  the  making  of  pota  and  tanks  for 
glass  manufacture. 

Stoneware  Clays.  These  clays  differ  from  fire  clays  in  that  they 
produce  a  very  dense  body  when  heated  at  a  comparatively  low  temper^ 
ature.  In  many  instances,  however,  they  are  very  refractory,  but  must 
possess  suflScient  toughness  and  plasticity  to  be  worked  on  the  potters' 
wheel.  In  making  stoneware  it  is  customary  to  mix  claj^  according 
to  certain  characteristics  in  the  finished  product.  Stoneware  clays  make 
stoneware  vessels,  yellow  ware,  art  ware,  earthenware,  and  even  terra- 
cotta. 

Terra-cotta  Clays.  Clays  for  making  terra  cotta  differ  quite  widely, 
although  most  manufacturers  prefer  a  semi-fire  clay.  Buff-buming  clays 
are  commonly  used,  because  of  the  hard  body  produced  on  burning. 
Those  suitable  for  this  purpose  are  found  mostly  in  New  Jersey,  Penn- 
sylvania, Indiana,  and  Missouri. 

Sewer-i>ipe  Clays.  Clays  for  this  purpose  are  quite  similar  to  those 
used  for  paving  brick.  The  easily  fluxing  clays  are  of  advantage  here, 
because  the  higher  iron  content  aids  in  the  formation  of  the  salt  glaze 


CLAY,  BRICK,  AND  POTTERY  331 

that  covers  the  |»pe6.  A  Email  amount  of  fire  clay  in  the  mix  retains 
the  shape  of  the  tube  during  the  burning. 

Brick  Cli^.  Common  brick  is  usitally  made  fr«n  low  grade,  red- 
burning  clays.  The  principal  requirement  is  that  the  clay  shall  mold 
readily  and  bum  hard  at  a  compiuatively  low  temperature.  Owing 
to  the  low  market  price,  poor  bricks  made  from  local  deposits  are  often 
substituted  where  a  better  material  should  have  been  employed.  Pressed 
brick,  on  the  other  hand,  calls  for  a  higher  grade  of  clay.  The  physi- 
cal requirements  here  are  uniformity  of  color  in  burning,  freedom  from 
warping  and  absence  from  soluble  eaifa,  together  with  sufficient  hardness 
and  low  absorption  when  burned  at  a  moderate  temperature. 

Paving-bricfa  Clays.  These  clays  are  made  from  a  large  variety  of 
material,  the  most  common  being  impure  shales,  which  are  widely  dis- 
tributed. They  should  have  a  fair  degree  of  plasticity  and  good  tensile 
strength. ' 

S^  Clays.  These  contain  a  large  amount  of  fluxing  material',  which 
mdtB  at  a  low  temperature,  forming  a  natural,  greenish-brown  glaze. 

Gmnbo  Clays.  Included  in  this  class  are  certain  fine  grained,  plastic, 
and  tough  clays  that  cannot  be  used  for  brick  making,  because  they 
shrink  on  burning.  Their  chief  appUcation  is  in  the  manufacture  of  rail- 
road ballast. 

Retort  Clays.  These  dense-burning,  plastic,  semi-r^ractory  clays,  are 
common  in  the  manufacture  of  gas  and  einc  retorts. 

Pot  Clays.  The  clays  coming  under  this  bead  are  hard-burning  and 
w^  adapted  to  the  manufacture  of  pots  for  glass  making. 

Ware  Clays.  .  These  are  the  same  as  ball  clays. 

Pipe  Clays.     These  are  similar  to  sewei:^pipe  daya. 

Sagger  Clays.  This  term  applies  to  clays  used  in  the  saggere  where 
high-grade  pottery  is  burned. 

Portland  Cement  Clays.  Portland  c«nent  is  a  mixture  of  lime  and 
day,  either  true  or  shales.  (Chapter  XIII.) 

Paper  Clays.  In  order  to  give  body,  weight,  and  finish  to  certain 
grades  of  paper,  some  form  of  clay,  plastic  and  of  light  color,  ia  mixed 
with  the  pulp  in  the  beater  ei^ne  where  it  becomes  enmeshed. 

Paint  Clays.  Many  clays  mix  well  with  linseed  oil  and  form  a  good 
grade  of  paint.  The  color  of  these  clays  vanes  from  light  yellow  to  a 
dark,  reddish  brown,  due  to  the  presence  of  iron  oxide  and,  in  some  in- 
stances, manganese.  The  chief  clays  coming  under  this  heading  are  the 
ochers  and  siennas. 

Uses  of  Clay.  To  summarise  the  varied  and  numerous  applications 
of  clays,  the  table  compiled  by  R.  T.  HUl  and  amplified  by  Heinrieh  Reis 
win  be  given: 

"Domestic.  Porcelain;  white  ware;  stoneware;  yellow  wue;  Rock- 
inghiun  ware  for  table  service  and  for  cooking;  majoUca  stoves;  polishing 
brick;  bath  brick;  fire-kindlers." 
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"Stmeiwal.  Brick:  common,  frout,  pressed,  ornamentaJ,  hcUow, 
glazed,  adobe;  terra-cotta;  rooScg-tile;  glazed  and  encaustic  tile;  drain 
tile;  paving  brick;  chimney  flues;  chimney  pots;  door-kuobe;  fireproof- 
ing;  terraHX)tta  lumber;  copings;  fence-posts." 

"Refradoriea.  Crucibles  and  other  assaying  apparatus;  gas-retorta; 
fire-bricks;  glass  pots  and  blocks  for  tank  furnaces;  saggers;  stove  and 
furnace  bricks;  blocks  for  fire  boxes;  tuyei«s;  cupola  bricks;  mold 
linings  for  steel  castings." 

"Engineering.  Puddle;  Portland  cement;  railrcad  ballast;  water 
conduits;  turbine  wheels;  electricaj  conduits;  road  metal." 

"Hygienic.  Urinals,  closet  bowls,  sinks,  washtubs,  bathtubs,  and  pitch- 
ers; sewer>pipe;  ventilating-Sues;  foundation-blocks;  vitrified  bricks." 

"DecoToHoe.  Ornamental  pottery;  terra-cotta;  majolica;  garden- 
stands;  tombstones." 

"Minor  Usee.  Food  adulter^jit;  paint  fillers;  paper  filling"^  electric 
insulators;  pumps;  fulling  cloth;  scouring  soap;  packing  for  horses' 
feet;  chemical  apparatus;  condensing  worms;  ink-bottles;  ultramarine 
manufacture;  emery  wheels;  playing  marbles;  battery-cups;  pins;  stilts 
and  spurs  for  potters'  use;  shuttle-eyes  and  thread-guides;  smokiitg- 
pipes ;  umbrella-Btands ;  pedestals ;  filter-tubes ;  caster-wheels;  pump- 
wheels;  electrical  porcelain;  foot-rules;  plaster;  alum." 

Building  Bricks.  Building  bricks  include  common,  presaed,  glazed  and 
enamel  bricks,  but  as  space  does  not  permit  a  complete  description  of 
each,  only  the  manufacture  of  common  buildii^  brick  will  be  given.  The 
processes  involved  may  be  divided  into  the  preparation  of  the  clays,  the 
molding,  the  drying,  and  the  burning. 

Preparation.  Since  only  a  few  clays  can  beused  directly  as  mined,  it 
becomes  necessary  to  subject  the  material  to  weathering  agencies.  This 
is  done  by  spreading  the  clay  over  the  ground  in  a  thin  layer  from  2  to 
3  feet  deep,  and  allowing  it  to  remain  thus  exposed  for  a  considerable 
period,  in  some  cases  a  year  or  more.  To  hasten  the  process,  however, 
some  clays  are  disintegrated  artificially  by  means  of  crushers,  edge  runners, 
disintegrators,  and  roller  milla.  The  grinding  is  usually  done  on  the 
dry  clay,  although  sometimes  the  wet  clay  is  used,  and  the  process  is 
known  as  tempering. 

Ring  Pits.  These  pits  are  about  25  feet  in  diameter  and  from  2  to  3 
feet  deep.  A  heavy  iron  wheel  is  arranged,  by  means  of  gears,  so  that  it 
travels  in  the  pit  and  causes  a  thorough  mixing  of  the  mass.  The  opera- 
tion lasts  from  5  to  6  hours,  leaving  the  clay  ready  for  the  brick  machine. 

Pug  Mills.  These  mills  vary  in  shape  and  capacity  but  are  all  pro- 
vided with  blades  to  cut  up  the  clay,  produce  a  thorou^  mixture,  and 
and  pass  it  along  to  the  discharge  end.  They  do  not  take  up  as  much 
room  as  the  ring  pit  and  are  much  more  readily  bandied. 

Molding.  The  simplest  form  (A  molding  consists  in  pressing  the  soft 
clay  or  mixture  into  wooden  frames  dusted  with  sand  to  prevent  stick- 
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iog.  This  operation,  dooe  either  by  band  or  by  machine,  is  known  as 
the  8oft-mud  process.  In  the  so-called  stiff-mud  ■process  the  clay  is  tem- 
pered with  much  less  water.  The  prepared  clay  is  forced  through  a  die 
in  the  form  of  a  rectangular  bar  and  then  cut  into  brick  lengths.  The 
machine  for  this  purpose  is  provided  with  an  auger  screw,  which  runs  in 
a  cylinder  that  tapers  at  the  end  to. the  size  of  the  die.  Dry  pressing 
is  sometimes  done,  as  well  as  semi-dry  pressing.  In  either  case,  the  pre- 
pared clay  is  forced  with  great  pr^sure  into  steel  molds. 

Drying.  After  molding  and  before  burning,  the  bricks  must  be  dried. 
This  may  be  accomplished  in  several  ways,  the  simplest  being  to  spread 
the  bricks  over  a  smooth  fist  floor  and  let  them  dry  in  the  sun.  Pallet 
driers  are  covered  frames  on  which  the  bricks  are  placed  as  they  come 
from  the  machine.  Drying  in  the  air  has  the  disadvantage  that  it  is 
impracticable  in  cold  or  damp  weather.  To  overcome  this  many  brick- 
makera  use  drying  tunnels.  The  green  bricks  are  placed  on  cars,  run 
in  at  the  cooler  end  of  the  tunnel  and  gradually  pushed  along  to  the 
wanner  end.  The  tunnels  are  built  in  a  variety  of  ways,  but  when  pos- 
sible the  waste  heat  from  other  operations  is  made  use  of. 

Burning.  The  bricks  having  been  thoroughly  dried  are  placed  in 
kilns  and  heated  to  a  comparatively  high  temperature  or  "burned." 
The  temperature  and  time  of  heating  depend  upon  the  kind  of  clay  and 
the  degree  of  hardness  desired.  The  kilns  may  be  either  "up-draft" 
or  "down-draft."  In  the  fonner  system  the  heat  from  the  fire  passes 
into  the  body  of  the  kiln  and  up  through  the  ware,  finally  escaping  at 
the  top.  The  heat  in  the  down-draft  kiln  enters  at  the  top,  passes  down 
over  the  ware,  and  escapes  through  Sues  at  the  bottom. 

Continuous  or  ring  kilns  are  also  employed.  They  consist  of  a  series 
of  chambers  arranged  in  the  form  of  a  circle,  connected  with  each  other 
and  with  the  stack  by  means  of  a  series  of  flues.  The  fire  is  built  under 
the  chamber  that  is  to  receive  the  highest  temperature;  from  here  the 
heated  gases  pass  to  the  next  chamber,  and  so  on  to  the  freshest  charge. 
In  order  to  uUIize  the  heat  from  the  cooling  bricks,  after  they  have 
reached  their  maximum  temperature,  the-air  supply  to  the  fire  is  drawn 
through  the  chambers  containing  the  thoroi^hly  bumed  and  cooling 
bricks. 

Sewer-p^  Manufacture.  Most  sewer-pipes  -  are  made  from  shale, 
which  after  crushing  is  mixed  with  the  necessary  amoimt  of  plastic  material 
and  made  into  the  desired  shape  by  a  special  form  of  press.  The  drying 
and  burning  is  then  carried  out  in  a  manner  somewhat  similar  that  to 
given  for  brick. 

Hollow  Structural  Material.  Inchided  in  this  classification  are  fire- 
proofing  terrsrcotta  liuuber,  hollow  blocks,  and  hollow  bricks.  The  fire- 
proofing  materials  are  those  which  are  employed  in  floor  arches,  parti- 
tions, and  wall  furring  for  girders  and  columns.  Terra-cotta  lumber  is 
a  soft  and  porous  materia  produced  by  mixing  sawdust  with  the  clay 
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and  subsequently  buming  it  out.  This  being  soft  can  be  nailed  the 
Bune  as  lumber.  Hollow  block  and  hollow  brick  are  used  for  outside 
walls. 

Fire  Bricks.  Most  of  the  fire  bricks  on  the  market  are  made  from  a 
mixture  of  several  clays  to  which  have  been  added  a  certain  amount  of 
ground  fire  brick  or  quarts.  They  are  made  in  many  shapes  and  vaiy 
greatly  in  hardness  and  degree  of  refractory  power.  The  burning  ia 
almost  universally  conducted  in  down^iraft  kilns. 

Tile.  Under  this  heading  come  roofing  tile,  floor  tile  and  wall  tile. 
They  are  made  in  a  variety  of  ways  and  from  a  variety  of  materials. 
Some  are  made  in  a  porous  condition  whereas  others  axe  colored  and 
highly  glazed. 

Pottery.  This  heading  includes  a  great  variety  of  products  ranging 
from  cheap  earthenware,  such  as  flower-pots,  to  the  most  delicate 
porcelain  vase.  In  the  manufacture  of  pottery  there  are  certain  operas 
tiona  common  to  bH,  but  with  the  higher  grades  much  more  care  and 
detail  are  necessarily  involved.  The  general  operation  consists  in  the 
preparation  of  the  raw  material,  tempering,  moulding,  drying,  biscuit 
buming,  dipping,  glost-buming,  and  decorating. 

Stoneware.  This  class  of  material  is  made  from  low-grade  plastic 
clay,  being  porous  in  character,  red  to  cream  in  color,  and  glassed  or  un- 
glazed.  Shp-clay,  largely  used  for  this  purpose,  melts  to  a  brown  gjaaa 
at  a  temperature  at  which  the  ware  is  burned.  Salt  glazing  is  a  vray 
simple  method  and  is  in  common  use  for  this  kind  of  ware,  although 
it  is  appUed  more  especially  to  sewer-pipe.  The  articles  are  placed  in 
the  kiln,  the  maximum  temperature  reached,  and  salt  thrown  into  ibt 
fire.  The  high  temperature  causes  a  volatihsation  of  the .  salt  which, 
on  coming  in  contact  with  the  clay,  unites  with  it,  forming  a  glaze  on 
the  surface  of  the  ware.  In  yellow  ware  the  object  is  burned  to  develop 
the  body,  after  which  the  glaze  is  applied  and  the  ware  heated  a  second 
time. 

White  Ware.  Included  in  this  class  are  those  products  having  a 
white  or  nearly  white  body  and  usually  glazed.  Mixtures  consisting  of 
kaolin,  ball-clay,  quartz,  and  feldspar  are  the  materials  which  are 
employed  and  these  are  selected  with  the  idea  of  their  white-burning 
qualities  in  view. 

Porcelain.  Prior  to  the  sixteenth  century,  this  term  denoted  objects 
made  from  mother-of-pearl.  At  the  present  time,  however,  the  same 
materials  are  employed  for  making  porcelain  as  for  white  ware.  Great 
care,  however,  must  be  exercised  in  their  selection,  and  the  mixtures 
so  proportioned  as  to  give  a  hard  and  translucent  body.  That  in  which 
spar  is  used  for  the  flux  b  known  as  hard  porcelain  and  is  bluish  white 
by  transmitted  light,  while  that  fluxed  in  part  with  calcium  phosphate, 
known  as  bone  china,  is  yellow  by  traniamitted  light. 

Glazes.    For  all  pottery,  except  bard  porcelain,  the  ware  is  first 
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burned  in  tbe  biscuit  kiln,  fonning  porouB  porcelain,  then  i^ozed  &nd 
burned  again  in  the  gloat-kiln.  The  glazee  consist  of  mixtures  of  acids 
and  bases  so  combined  that  they  will  melt  to  a  glass  at  tbe  tanperature 
of  burning.  It  is  very  important  also  that  the  coefficient  of  expansioQ 
should  agree  with  the  body  of  the  ware,  otherwise  a  defective  glaze  will 
be  the  result. 
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JAMES  GILLINDER 
aaandtr  BnOuit,  Glan  Manvfadwen,  Port  Jervu,  N.  Y. 

Gl.A^  is  an  amorphous  product  of  fuBioa,  differiDg  widely  in  oom- 
position.  Ordinarily  it  is  considered  as  a  mixture  of  an  alkaline  silicate 
and  the  sihcate  of  one  or  more  bases,  the  alkali  being  sodium  or  potassium, 
the  l»ise  calcium  or  lead  and  sometimes  all  four  elements  enter  into 
its  composition.  While  this  is  true  of  nearly  all  commercial  glass,  it 
must  be  noted  that  at  Jena  and  elsewhere  glasses  have  been  made  free 
from  alkali,  that  borates  and  phosphates  have  been  substituted  for 
silicates,  and  that  many  elements  such  as  zinc,  barium,  magnesium, 
and  antimony  have  replaced  lead  and  lime,  ao  that  it  is  practically 
impossible  to  accurately  define  glass. 

Technically,  transparent  glasses  are  divided  into  lime  glass  or  lead 
glass  according  to  the  presence  of  these  elements.  The  term  fiint  glass, 
which  originally  meant  a  pure  lead  potash  glass,  is  now  often  applied 
to  all  clear  transparent  glass.  Sometimes  the  lime  glass  is  called  lime 
flint.  Bottle  and  window  glass  are  impure  forms  of  lime  glass.  White 
or  "  opal  "  glass  and  colored  glass  are  those  to  which  materials  have  been 
added  to  produce  the  color  effect. 

There  may  also  be  mentioned  another  class  of  glasses,  which,  because 
of  special  chemical  composition,  possess  certun  chemical  and  physical 
properties.  Among  these  are  chemical  ware,  cooking  utensils,  glass 
resistant  to  the  passage  of  arrays,  etc.,  etc. 

H.T.  Properties  <rf  Glass.  The  properties  of  glass  are  very  definitely 
related  to  their  chemical  composition  as  well  as  to  their  "  annealing," 
q.T.  The  investigations  of  recent  years  have  given  to  most  of  the  glass 
making  oxides  fixed  values,  from  which,  through  substitution  in  formuls, 
the  various  mechanical  properties  of  a  glass  can  be  determined. 

SpeciHc  gramty.  If  ai,  oa,  ag  .  .  .  represent  the  percentage  compo- 
sition of  the  oxides  in  a  glass,  and  zi,  22,  23  .  .  ■  the  values  of  those 
oxides  for  specific  gravity,  then : 

Ol  ,^,03  ,  ^100 


where  8  =  specific  gravity  of  the  glass. 
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These  values  for  specific  gravity  of  the  vwious  oxides  are  as  follows: 


aOi 

2.3 

ABi(h 

4.1 

BjOa 

1.9 

BaO 

7.0 

ZnO 

6.9 

NaaO 

2.6 

PbO 

9.6 

K^ 

2.8 

MgO 

3.8 

CaO 

3.3 

AliO, 

4.1 

P>0^ 

2.66 

Tensite  strength. 

P-aii/i+a2S2+a3j/3+  .  .  ., 
where  P = tensile  strength ; 

ail  (t2,  03  •  •  .  —  per  cent  of  the  various  oxides  in  the  ^ass; 

yi,y2,ya  ■  •  .  =  the  values  for  tensile  strength  for  these  various  oxides.^ 

Values  for  tensile  strength. 


SiOj 

09 

AmOs 

03 

B,0, 

066 

BaO 

05 

ZnO 

15 

NazO 

02 

PbO 

025 

KjO 

01 

MgO 

01 

CaO 

20 

AkOj 

05 

P*. 

075 

Coefficient  of  Expaimon.    This  is  one  of  the  most  important  factors 
in  a  glass,  to  withstand  sudden  temperature  changes. 

ia^aiyi,  +a^2+a3y3+  ■  ■  . 
where  tttj  =  coefficient  of  cubical  expansion; 

fli,  az,  03  .  .  .  =  per  cent  of  the  various  oxides  in  the  glass; 
y\,  Vi,  y»  •  •  .  =  values  for  the  various  oxides. 


BsOi 

01 

01 

8 

1.8 

BaO 

MgO 

SiOi 

ZnO 

PbO 

CaO 

AI3O3 

3.0 

6.0 

5  0 

AkOs 

2.0 

NaiO 

10.0 

Resistance  to  temperature  changes  is  dependent  upon  the  various 
mechanical  and  thermal  properties. 
This  redetance  is  greater: 
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ihe  greater  the  tensile  streugth  P; 

the  less  the  coefficient  of  expsneiou  a ; 

the  less  the  resistance  against  elastic  change  E; 

the  greater  the  heat  conductivity  k; 

the  leas  the  specific  beat  c; 

the  smaller  the  specific  gravity  s. 

The  coefficient  of  resistance  mi^  be  repressed  by  the  equatitm 


For  further  data  on  the  relation  of  propertiee  to  chemical  compodtion 
see  Hoestadt  "  Jena  Glass  "  and  Dralle  "  Die  Glasfabrikation." 

The  following  are  the   chief  raw  materials  used   in  making  glass: 

Silica.  Silica  is  usuaEy  introduced  in  the  form  of  sand,  which  may  vary 
in  purity,  according  to  the  source  and  care  in  preparation.  The  chi^ 
impurities  in  eaad  are  iron,  alumina  and  organic  matter.  The  presence  of  a 
small  amount  ctf  alumina  does  not  injure  the  glass,  but  iron  acta  as  a  color- 
ing agent,  producing  a  green  of  more  or  less  intensity,  depending  on  the 
quantity  present  and  the  state  of  oxidation.  For  the  finer  glass,  there- 
fore, a  sand  as  free  from  iron  as  poeeible  is  required,  while  for  more 
common  ware,  such  as  green  bottles,  a  much  larger  quantity  is  permissible. 
Sand  from  Berkshire,  Mass.,  is  practically  free  from  iron,  while  that  from 
Pem^ylvania  and  West  Virginia  often  contains  less  than  one-tenth  of 
one  per  cent.  Sand  from  New  Jersey  usually  has  a  much  higher  iron 
content. 

The  sand  must  be  of  uniform  size,  not  too  coarse  to  prevent  reaction 
with  the  other  material,  nor  yet  so  fine  as  to  cause  the  reaction  to  take 
place  too  violently  and  cause  excessve  foaming  during  the  melting. 
Natural  silicates,  such  as  feldspar,  are  sometimes  used  as  a  source  of 
silica,  because  of  the  alumina  and  alkali  which  they  contain.  Slags 
from  metallui^cal  processes  have  been  used  for  common  ware  with  vary- 
ing success. 

Alkali  Metals.  Sodium  earbtmote  (soda  ash)  is  the  chief  source  of  soda 
and  is  obtained  from  the  trade  in  a  pure  condition.  Sodium  suIpAote 
(salt  cake),  owing  to  its  cheapness,  is  also  used  in  the  manufacture  of  plate 
and  window  glass.  Its  use  requires  the  addition  of  carbon  as  a  reducing 
agent  and  is  attended  with  many  difficulties  not  met  with  when  the 
carbonate  is  used.  The  amount  of  carbon  added  is  much  leas  than  that 
called  for  by  theory  and  it  is  impossible  to  give  an  exact  racplanation 
of  the  reaction.  Sodium  nitrate  (Chile  saltpeter),  either  as  it  comee 
from  Chile  (95  per  cent)  or  refined  for  the  better  ware,  is  used  as  an  oxidis- 
ing material  to  destroy  organic  matter  and  tp  change  the  iron  to  the 
ferric  condition.    Pi^atsium  aahotioie  (pearl  ash,  potash,  salts  of  tartar) 
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osually  hydrated,  contaiaing  from  80  to  85  per  cent  potassium  carbonate, 
is  the  chief  source  of  potasfiium  in  the  glass  industry,  sulphates  and 
chlorides  being  the  chief  impurities.  In  some  European  factories  crude 
pearl  ash  from  the  sugar  refineries  is  used  in  the  cheaper  kinds  of  glass. 
Potaamum  nitrate  is  also  used  as  an  oxidizing  material. 

Alkali  Eartlis.  Calcium  is  introduced  as  a  carbonate  or  oxide, 
limestone  occurs  in  nature  of  sufficient  purity  for  use  after  simply  grind- 
ing. The  advantage  of  the  different  forma  of  lime  is  an  open  question, 
some  works  preferring  one,  some  another.  The  advantage  of  burnt 
lime  is  the  saving  in  heat  by  the  removal  of  the  carbon  dioxide  before 
entering  the  furnace,  while  on  the  other  hand  the  liberation  of  carbon 
dioxide  from  the  carbonate  helps  stir  the  glass  during  the  meltii^  process. 
Iron  in  all  glass-making  materials  is  harmful  where  crystal  clearness  is 
required,  while  magnesia  makes  the  glass  hard  and  more  difficult  to 
"  plain,"  though  many  American  factories  use  a  lime  high  in  magnesia 
content  without  any  apparent  disadvantage.  Barium  is  sometimes  used 
in  the  form  of  sulphate  tc^ther  with  carbon;  but  more  generally  as  a 
carbonate  either  natural  or  prepared.  It  produces  a  glass  high  in  refractive 
power  and  is  used  for  many  optical  purposes. 

Heavy  Hetab  and  Acid  Badlcals.  Lead  is  used  generally  as  red  oxide  or 
litharge  to  impart  brilliancy  and  to  produce  glass  of  high  refractive  power. 
Red  lead,  because  of  the  oxygen  which  it  liberates,  is  preferred  to  litharge. 
Freedom  from  metallic  lead  and  discoloring  metallic  impurities,  such  as 
copper  and  'iron,  is  reqiured.  Zinc  is  used  as  oxide  to  replace  lime 
or  lead,  especially  in  the  modem  heat-resisting  glasses.  It  is  also  largely 
used  in  opal  glass.  Boric  add  and  borax  are  used  in  optical  and  heat- 
reosting  glass  as  well  as  in  colored  glasses.  Phosphate  of  lime,  bone  ash, 
is  used  to  produce  opalescence  or  opacity  depending  upon  the  quantity. 
Bone  ash,  tmless  it  is  present  in  large  quantity,  requires  "  reheating  " 
to  bring  out  the  opalescence.  Feldspar  is  used  as  a  source  of  alkalies 
and  alumina.  Used  with  fluorspar  it  produces  opal  glass.  Fluorspar 
used  with  feldspar  or  alumina  produces  opal  glass.  Iron  and  metallic 
sulphides  (lead  and  zinc)  are  the  chief  harmful  impurities.  Cryoliie^ 
sodium  aluminium  fiuoride,  used  alone,  produces  dense  opaque  glass, 
but  owing  to  its  solvent  action  on  the  clay  pots  other  materials  are 
talcing  its  place.  It  is  largely  used  in  making  opal  glass  by  the  tank 
method.  Arsenic  as  white  oxide  is  used  in  opalescent  and  opal  glass 
and  in  enamels.  Tin  oxide  is  used  to  a  limited  extent  in  colored  passes 
and  in  enamels.  Antimony  as  oxide,  sulphide  or  metal  is  used  in  colored 
glasses  and  the  sulphide  is  employed  in  tank  glass  to  "  improve  the  color." 

Coloring  Materials.  I7nintum,  usually  as  sodium  uranate,  is  used  to 
produce  a  peculiar  yellow  fluorescent  glass.  When  in  the  ferrous  state, 
iron  colors  ^ass  green,  and  yellow  when  in  the  ferric  condition.  The 
temperature  of  the  furnace,  however,  materially  affects  the  state  of  oxida- 
tion <rf  the  iron,  a  high  temperature  changing  it  from  yellow  to  green  (see 
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tnangaaese) .  As  a  colorant  it  is  usually  added  as  red  oxide  or  iron  scalea 
Chromium  produces  green  and  greenish-yellow  glass.  The  oxide  Cr208 
is  very  hard  to  dissolve;  hence  potassium  dichromate  or  other  metaJlic 
chromates  are  used.  Manganese.  Black  oxide,  MnO^,  is  the  most  used 
of  all  the  coloring  oxides.  In  large  quantities  it  produces  black,  and  in 
less  amount  purple  to  light  pink  color.  It  is  used  to  correct  the  color 
effect  of  iron,  which  is  always  more  or  less  present  in  glass  material.  It 
acts  as  an  oxidizing  agent  also.  The  quantity  ef  manganese  to  be 
used  depends  on  the  amount  of  iron  present  and  the  temperature  of  the 
funiace,  as  the  hotter  the  furnace  the  more  manganese  is  required.  The 
beat  "  bums  out  the  color."  (See  under  Iron.)  The  impurities  met  with 
are  iron  and  earthy  matter,  while  cobalt  is  sometimes  present  in  sufficient 
quantities  to  be  harmful.  Nickel,  as  oxide,  is  used  in  a  very  limited  way. 
European  practice  substitutes  it  for  manganese  in  some  glasses,  but 
American  factories  have  not  found  this  satisfactory.  Cobalt,  as  oxide 
or  smalt,  is  employed  in  giving  an  intense  blue  color.  The  blue  from 
cobalt  shows  purple  by  transmitted  light.  GM  as  chloride  or  purple 
of  Cassiufl,  is  used  to  produce  a  ruby  color.  Copper  in  the  cuprous  form 
produces  red,  in  the  cupric  it  produces  a  peacock-blue  color.  Selenium 
is  used  to  produce  a  red  color.  It  ia  also  used  as  a  decolorizer. 
Cadmium  sulphide  forms  a  lemon  yellow  color  in  lead-free  glass.  Car- 
bon is  used  as  a  reducing  agent  in  sidpbate  glass.  In  the  form  of 
coke,  oats,  bark,  and  other  organic  nmtter  it  produces  an  amber  color  in 
lime  glass. 

Pot  Furnaces.  Furnaces  in  which  the  glass  is  melted  in  clay  crucibles 
or  pots  are  known  as  pot  furnaces,  while  those  in  which  the  glass  is  melted 
in  one  large  rectangular  clay  tank  are  known  as  tank  furnaces  or  tanks. 
Pot  furnace^  are  either  open  or  closed,  and  may  be  &red  either  direct, 
regenerative  or  recuperative.  Tanks  are  either  "  day  "  or  continuous, 
working  either  intermittently  or  continuously.  The  direct  fired  coal 
furnace  is  still  used,  but  the  regenerative  furnace  (see  Fig.  145}  is  the 
most  satisfactory  and  economical  of  pot  furnaces.  In  this  type  the  burnt 
gases  from  the  funiace  are  made  to  pass  through  fire  brick  checker-work 
flues  which  then  become  highly  heated.  The  direction  of  the  draft  is 
then  reversed  by  suitable  dampers,  and  the  incoming  air  and  gas  (see 
Chapter  on  Producer  Gas)  are  led  through;  while  the  burnt  furnace 
gases  go  to  heat  another  checker  work  which  has  become  cooled  by  the 
incoming  air  and  gas  of  the  previous  run.  Thus  the  burnt  furnace  gases 
give  up  their  waste  heat  to  the  checker  work,  which  in  turn  gives  it  up 
to  the  incoming  gas  and  air.  In  practice  this  reversal  of  draft  is  made 
every  twenty  or  thirty  minutes.  In  the  recupwative  furnace  there  is  no 
reversal  of  draft,  but  the  hot  burnt  gases  pass  through  clay  tubes 
which  by  conduction  give  up  their  heat  to  the  incoming  air  and  gas. 
This  furnace  is  used  abroad,  but  has  not  been  adopted  widely  in 
America. 
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A — Showing  vertical  section  through  &  r^enerative  pot  furnace  AA    BB    checker 

woric;  F,  fluw  for  gM  and  air.    The  high  chimney  ib  not  necessary  but  la  usually  built 

for  factory  ventilation. 

B— Showing  the  poeition  of  the  regeneratara  and  the  "  cave  "  where  glass  from  brok«i 

pots  can  be  removed  at  D.    The  flues  S  lead  to  the  reversing  valves  and  to  the  draft 

stack  (not  shown  in  illustration). 

C — Horiiontal  section  showing  position  of  pots.  Diyi  izt-    ;,  v^iOOQlC 
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Horizontal  seetkiii   showing  vhere  batdi 

JB  fed  in,  and  olay  obetmetioiis    known  as 

fioatera  under  which    the    glaae  must  Sow 

±o  reach  the  working  end. 


Tank  Furnace.  The  introduction  of  the  tank  furnace  marked  an 
epoch  in  the  glass  industry.  The  batch  is  put  in  a  shallow  fireclay 
tank  covered  with  a  refractory 
arch  of  silica  brick  and  heat 
applied  to  the  surface  of  the 
batch.  The  simplest  form  is 
the  intermittent  or  "Day  Tank." 
The  batch  is  shoveled  in,  the 
work  holes  are  closed  and  heat 
is  applied,  either  oil  or  gas  being 
used.  When  the  glass  is  "plain  " 
the  heat  is  reduced,  the  work 
holes  opened,  and  when  cooled 
sufficiently  the  glass  is  worked. 
These  tanks  are  filled  in  the  after- 
noon and  are  ready  to  work  the 
following  morning,  hence  the 
name.  To  obviate  the  loss  of 
heat  by  this  method  continuous 
tanks  are  used.  These  are  usually  much  larger  than  the  day  tanks  and 
are  usually  divided  into  compartments  by  fireclay  obstructions.  The 
batch  is  filled  in  at  one  end  of  the  tank,  Figs.  146,  147  and  148,  and 
after  melting  Sows  under  \he  obstruction  to  the  working  end.  As 
fast  as  the  glass  is  worked  out,  a  new  batch  is  introduced  so  that  the 
melting  and  working  go  on  continuously,  thus  maintaining  a  nearly 
constant  level  of  glass.  The  continuous  tank  is  the  most  economical 
form  of  glass  furnace,  and  wherever  lai^e  quantities  of  glass  are  made, 
it  is  used.  The  glass  produced  is  not  ao  good  in  color  as  that  made 
in  closed  pots,  so  that  for  the  finest  ware  or  where  small  quantities 
are  made,  pot  furnaces  are  still  employed. 

The  air  and  gas  passing  through  the  hot  checker-work  A,  B, 
bum,  pass  through  the  melting  compartment  and  out  to  the  stack, 
giving  up  their  residual  beat  to  the  checker-work  As,  B3.  In  about 
twenty  minutes,  when  A  and  B  have  become  cool  and  A2  B2  hot,  the 
direction  of  the  draft  is  reversed.  By  such  reversals  a  minimum  of 
heat  is  lost  and  a  maximum  temperature  maintained. 

The  temperature  of  the  glass  furnace  is  indicated  by  means  of  pyrom- 
eters chiefly  of  the  thermo-electric  type.  A  temperature  of  1400-1500* 
C.  is  usually  maintained  in  pot  furnaces,  while  in  tanks  the  tem- 
perature runs  somewhat  higher.  It  is  not  safe  to  run  much  above 
this,  owing  to  the  danger  of  melting  the  pots  and  the  fumcce  materials. 

Heltiog  Pots.  These  are  of  two  kinds — open  and  covered.  The  covered 
pots  are  used  in  making  flint  glass,  the  open  ones,  which  are  now  chiefly 
used  in  the  manufacture  of  plate  and  optical  glass.  The  manufacture 
and  handling  of  glass  pots  require  great  care  (see  illustratione).    The 
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fireclay  is  carefully  mixed  with  ground  burnt  clay  or  old  potehell,  and  after 
moistening  is  worked  into  a  doughy  mass  (pugging).  Men  than  tramp 
this  mixture  with  bare  feet  to  in- 
crease its  plasticity,  and  after 
several  months  of  aging  it  is  ready 
for  use.  The  bottom  of  the  pot 
is  first  formed  by  making  a  layer 
of  clay  4  or  5  ins.  thick,  then  the 
sides  are  built  up  a  few  inches  at  a 

time,   the  clay  being  worked  by  Fio.  147.-ConUnuou«  TuA. 

hand   into   the   already   built-up   ^iTi'^i'^'w^i- 
pMl,,    Figs.    150-156.     When    not    ZJ,'  i;,-gM  checker  work; 
being  built  they  are  covered  with    P-porteforentranceandexitof  gasand  sir; 
damp    cloths    to    keep    the.   clay   C-silic*  brick  arch, 
moist.    After  the  pot  is  finished  it  is  allowed  to  dry  in  a  warm  room  of  con- 
stant temperature,  and  away  from  drafts.    ,After  several  months  the  pot  is 


Fio.  148.* — A  Type  of  Cootinuoue  Tank,  Bbowing  another  form  of  obstruction — a  wall 
with  an  opening  at  the  bottom  through  which  the  glass  flows  to  the  working  end. 

ready  for  use;  but  before  it  can  be  placed  in  the  stack  it  must  be  gradually 

raised  to  the  temperature  of  the  furnace.     This  preliminary  heating  is  done 

in  an  auxiliary  furnace  known  as  a  pot  arch.  Fig.  157.  Having  been  raised  to 

a  white  heat  the  pot  is  transferred  to 

the  place  in  the  furnace  madevacantby 

a  broken  pot.    This  operation  is  known 

as  "  pot  Betting."    Before  using,  the 

Flo.  149.— Diagrammatic  Tepresentation  pot  is  glazed  with  molten  glass  to  re- 

of  an  Owens'  unit.  t^^d  the  action  of  the  batch  Upon  it. 

A  -Continuous  melting  tank;  p^j^  ^^ry  in  size  from  those  hold- 

f  :Sr.SiLg  tank;  "«  ^^-\-   ^^    Pounds    (known    as 

C- Owens' machine.  monkeys)    to    those    holdmg    several 

tons.     The  life  of  a  pot  varies  greatly. 

It  may  be  broken  from  the  outside  by  a  sudden  change  of  temperature, 

or  by  one  of  many  other  causes,  but  the  natural  end  of  a  pot  is  by  coi^ 
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roeion  from  the  inside.    This  coirosion  varies  with  the  different  kind  of 
bfttfihes.    Some  pots  may  last  but  a  few  weeks,  while  others  may  remain 


perfectly  good  for  a  yeiu-.    Sometimes  a  pot  is  taken  out  before  it  breaks 
because  it  is  introducing  small  pieces  of  clay  (stones)  into  the  glaas. 

Melting  Process.    The  batch,  made  by  weighing  and  carefully  mixing 
the  various  materials  together  with  some  broken  glass  (cullet),  is  filled  into 
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the  pot  and  the  stoppers  luted  on.  In  the  best  practice  the  cullet  is  crushed 
before  mixii^  and  separated  from  stray  iron  by  a  magnetic  separator. 
Aft«r  this  charge  bae  melted  more  material  is  added  until  the  pot  is  full; 
usually  one  such  "  topping  "  is  sufBcient  to  do  this,  but  sometimes  it  must 
be  repeated.  Some  facton^  do  not  top  excepting  over  Sunday,  but  get 
the  glass  quicker  during  the  week  with  "  one  filling^*'  Test  pieces  (proofs) 
are  taken  out  from  tim,e  to  time  on  the  end  of  an  iron  book.  The  glaes  at 
first  shows  opaqueness,  gradually  becoming  vitreous  and  transparent,  but 
full  of  small  bubbles  (seed).  As  the  melting  proceeds,  however,  these 
bubbles  become  fewer  and  larger  and  finally  when  they  have  all  "  gone  oft " 


Fio.  150.— Potmaking— Grinding  Burnt  Clay. 

the  pot  is  "  plain  "  and  ready  to  "  take  down."  The  stoppers  are  now 
removed  and  the  pot  allowed  to  cool,  either  naturally  or  by  blowing  air 
into  it.  The  dirt  and  impurities  are  removed  from  the  surface  and  the 
glass  or  "  metal,"  as  it  is  called,  is  ready  to  work.  The  ordinary  practice 
is  to  work  a  covered  pot  every  other  day,  but  where  the  pots  are  not 
topped  or  the  furnace  is  very  hot  they  may  be  worked  oftener.  No 
definite  time,  however,  can  be  given  for  the  length  of  meltihg,  as  it  varies 
with  the  size  and  thickness  of  the  po.t,  the  kind  of  glass  being  melted  and 
the  temperature  of  the  furnace. 

The  reactions  taking  place  in  a  glass  fiunace  cannot  be  given  with 
any  degree  of  accuracy,  but  the  process  of  the  fusion  is  the  union  of 
the  bases  and  silica  to  form  mixed  silicates  with  the  liberation  of  carbon 
dioxide  and  in  some  cases  oxygen,  sulphur  dioxide  or  other  gases. 
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Among  the  defecta  of  glass  are  the  following: 

Seedy.  Containing  small  bubbles  of  unexpelled  gas.  This  is  caused 
usually  by  too  low  a  temperature  or  not  sufficient  time  in  melting.  Some 
glasses  (especially  optical  glass  containing  barium)  are  impossible  to 
"  plain." 


Fig,  151.— PotmakiDg — Puggmg  Pot  Clay. 


Stony.  Containing  undissolved  portions  of  batch  or  small  particles 
of  clay  from  the  walls  of  the  pot  or  tank. 

Cordy,  wavy.  The  glass  not  being,  perfectly  clear,  but  having  threads 
of  more  or  leas  sharpness  running  through  it. 

Sandy.  Caused  by  the  separating  out  of  small  crystals  (Devitrifica- 
tion.) 

High  Color.    Pink  from  excess  ofmanganese. 

Low  Color.    Green  from  excess  of  iron. 


=y  Google 


FiQ.  152. — Potmaking— Tramping  Pot  Qay. 


Fia.  1S3. — PotmakiDg—Transferriiig  Pot  Bottom  to  Working  Bench. 
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Fio.  154.— FotmakiQg— Building  Sides. 


FlO.  166,— Potmalung— Cloeing  in  Top. 

DiyilizBC  by  Google 


In  many  glaBsee  no  attempt  is  made  to  destroy  the  green  color  due 
to  iron. 


Fia.  156. — Making  Pots,  afaowing  how  the  clay  is  worked  in  hy  band  and  monkey  pots 
in  rarious  stages  of  manufacture. 


Processes  of  Manufacture.    The  working  of  glaas  depends  upon  the 
fact  that  it  passes  from  a  liquid  to  a  soUd  state  without  crystallization 


,  when  in  a  hot  condition,  ductility  and  malleability  to  an 
extreme  degree. 
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Casting.  Plate  glass  is  made  in  open  pots  that  can  be  removed  from 
the  furnace  and  thdr 
contents  poured  on  a 
casting  table  and  then 
rolled  to  the  desired 
thickness  by  a  metal 
roller.  (Figs.  158-159.) 
The  plate  of  cast  glass 
iathen  transferred  to 
a  kiln  or  annealing 
oven  (lehr)  and  gradu- 
ally allowed  to  cool. 
After  the  plate,  which 
is  rough  and  uneven, 
is  cooled,  it  is  fast- 
ened to  a  table  with 
plaster  of  Paris. 

Fia.  158  •—Removing  a  Pot  of    Plate  Glaaa  from  the     ground    with    revolv- 

Melting  Furnace  to  the  Castmg  Table.  ing  iron  rubbers    and 

sand,  first  coarse,  then 

finer  until  the  surface  is  even  and  smooth.    It  is  then  polished  by 

felt-covered  rubbers  and  rouge  paste.    The  plate  is  then  reversed  and 

the  other  side  ground 

and  polished. 

Unpolished     plate 

glass,    known    as 

rough  plate,  is  made 

sirailar  to  regular 

plate   glass  except- 
ing   that    the  glass 

is    taken    from    the 

pot    in    large   steel 

ladles  and  poured  on  a 

table  between  guides. 

The    table    or    the 

roller    often    have    a 

design  on  them, 

thus  producing  orna- 
mental effects   in  the 

glass. 

Wire  glass  is  rolled  Fw.  ISA.'— Casting  Plate  GImb. 

plate  in  which  wire  has 

been  imbedded  during  the  rolling  process.     Special  care  is  necessary  to 

prevent  this  glass  from  flying  apart  owing  to  unequal  expansion  of  the 
•  Cuts  loaned  by  H.  L.  Dison  Co.,  Fittebur^. 
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glass  and  wire.    Polished  plate  glass  of  opal  and  black  glass  have  been 
made  and  used  for  table  tops,  sanitary  wall,  and  for  other  purposes. 

Pressing.  Glass  is  gathered  on  the  end  of  an  iron  rod  (punty)  by 
revolving  it  rapidly 
in  the  molten  glass. 
It  is  then  carried  to 
the  workman  (pres- 
8er),  who  cuts  off  with 
shears  the  amount 
desired  and  allows  it 
to  drop  into  the 
mould.  A  metal 
plunger  is  then  forced 
into  the  mould  and 
forces  the  glass  to  fill 
the  space  between  the 
plunger  and  the 
mould.  Fig.  X61. 
When  the  glass  has 
become  firm,  the 
plunger  is  withdrawn, 

the  mould  opened  and  ^°- 160. '-Starting  a  Cylrader  of  mndow  GImb. 

the  article  either  sent 

direct  to  the  annealing  oven  or  first  reheated  in  an  auxiliary  furnace 
(glory  hole)  to  remove  mould  marks  or  to  alter  the  shape. 


Fia.  161.  '—Moulds  for  Preseiiig  and  Blowing  a  Bottle. 
If — preei  mould;  R— ring;  P=plunger;  ^— blow  mold;  G— ^ass. 

Press  moulds  are  made  of  cast  iron  and  so  constructed  that  the  pressed 
article  can  be  easily  removed.  The  temperature  of  the  mould  and  plunger 
is  regulated  by  streams  of  fur  blown  against  them,  the  expansion  and 
contraction  of  the  moidd  beii^  carefully  controlled  by  the  workman. 
The  plunger  is  usually  operated  by  hand  power,  but  for  many  purposes 
compressed  air  is  used. 

Blowing.  Window  glass  until  recently  was  entirely  huid  mode, 
but  machines  are  being  introduced  which  are  replacing  hand  labor.  In 
the  handnnade  glass  the  workman  gathers  a  lump  of  glass  on  the  end  of 
a  hoDow  iron  pipe  and  after  cooling  it  a  little,  introduces  it  into  the  molten 
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glass  and  gathers  more.     This  is  repeated  until  he  has  sufficient  for  hiB 
purpose.    Then  by  blowing  and  swinging  and  further  manipulation 

(Fig.  162), he  produces 
a  large  cylinder  of 
glass.  The  surplus 
glass  is  cracked  off 
the  ends  of  the  cylin- 
der and  it  is  cracked 
lengthwise  for  the 
next  operation.  Fig. 
163;  The  cylinder  is 
then  gradually  heated 
in  a  Battening  oven 
and  as  it  begins  to 
soften  it  is  flattened 
by  rubbing  on  a  flat 
stone,  after  which  it 
is  transferred  to  the 
annealing  oven  and 
Fw.  162.  •—Blowing  Window  Glaw.  gradually    withdrawn 

from  the  heat. 
Window  glass  is  now  generally  made  in  continuous  tanks,  which 
have  replaced  the  old  open-pot  furnaces. 

Machine-made  window  glass  is  made  by  immersing  a  blowpipe  in 
molten  glass,  intro- 
ducing compressed  air 
and  gradually  with- 
drawing the  blowpipe 
from  the  molten  glass. 
By  'carefully  regula- 
ting the  speed  of  with- 
drawal and  the  amount 
of  air  introduced  cyl- 
inders of  any  length 
are  made  and  flattened 
as  usual. 

Another  process 
which  has  not  passed 
the  experimental  stage 
is  to  replace  the  blow- 
pipe by  a  flat  bar  and  ^^  i63.  •-Splitting  a  Cylinder  of  Window  Glaa>  Prepa- 
pasfflng     over     rollers  ratory  to  Flattening, 

into  a  continuous  lehr 

produce  a  continuous  sheet  which  is  cut  off  and  selected  as  it  comes 
from  the  lehr. 


Crown  GIass.  Crown  glass,  once  the  chief  source  of  sheet  glass,  is 
now  made  only  for  special  purposes,  such  as  microscope  slides  and  cover 
glasses,  where  a  surface  free  from  imperfections  is  required.  It  is  made 
by  blowing  a  ball  of  glass,  attaching  to  the  side  away  from  the  gathenng 
iron  a  hot  iron  rod  (pimty)  and  cracking  it  off  the. gathering  iron.  The 
glass  is  then  heated  and  rapidly  revolved  until  it  forms  a  lar^  flat  disk, 
when  it  is  annealed  and  selected. 

Hollow  Ware.    Hollow  ware  is  shaped  in  moulds  of  metal  or  wood. 
The  glass  b  gathered  oii«  hollow  pipe,  and  after  shaping  by  rolling  on  a 
polished  plate  (marver)  or  revolving  in  a  hollow  iron  or  wooden  blook 
it  is   blon'n  into  the 
mould  and   takes  its 
shape.    Kg.  164. 

In  the  case  of 
chimneys,  tumblers 
and  other  cylindrical 
articles  the  glass  is 
revolved  in  the  mould 
and  shows  no  joint  or 
mould  mark.  Such 
moulds  are  lined  with 
charcoal  or  special 
paste  which  enables 
the  glass  to  be  turned. 
In  the  case  of  lan- 
tern globes  or  articles 
with  raised  or  sunken 

patterns    the    glass  is  pio.  164.*-Blowiiig  Lantern  Glotw. 

blown    without  turn- 
ing and  takes  the  exact  impression  of  the  mould  (iron  mould). 

BotUes.  Bottles  are  made  by  blowing  in  a  mould,  and  after  reheating 
tbe  neck  is  finished  with  a  special  tool. 

The  recent  advances  that  have  been  made  in  the  making  of  bottles, 
fruit  jars,  etc.,  combine  pressing  and  blowing.  A  blank  is  pressed  in  a 
mould  having  the  shape  of  the  neck  and  with  a  weight  of  glass  sufficient 
to  make  the  bottle.  This  blank  is  then  removed  by  mean^  of  a  riog  and 
placed  in  a  mould  the  shape  of  the  finished  bottle  and  blown  to  shape 
by  compressed  air.  Fig.  165.  In  some  machines  a  gatherer  and  presser 
are  required,  in  others  only  a  gatherer,  while  in  some  the  glass  is  flowed 
through  a  spout  to  the  machine. 

The  Owens  Automatic  Machine  works  on  a  different  principle  from  the 
pressing  and  blowing  machine,  as  it  sucks  the  glass  into  the  neck  forming 
mould  and  then  blows  it  to  shape  in  the  bottle  mould.    Fig.  166. 

The  glass  is  melted  in  the  continuous  tank  A  and  flows  into  the  working 
tank  B  through  the  discharge  spout  &,  Fig.  149.    As  the  arms  carrying 
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the  hlsak  moulds,  Fig.  167,  of  the  revolving  macliine,  Fig.  166,  paas  over 
the  Burfaoe  of  the  glass  in  the  working  tank  B  they  are  depressed  and  by 
the  forming  of  a  vacuum,  glass  is  sucked  into  the  blank  mould.    Fig.  168. 


FiQ.  165. — Preaaiog  and  Blowing  Machine.    On  the  left  the  preaa;  on  the  light  the 
device  for  blowing  with  compressed  air.    See  Fig.  161. 

As  the  mould  Dears  the  edge  of  the  tank  it  is  raised  and  the  surplus 
glass  i£  cut  off  (Fig.  169)  by  the  shears  which  also  form  a  bottom  for 
the  blank  mould  (Fig.  170). 

Drawing  of  Owens  bottle  machine  showing  (on  the  left)  the  blank  mould 
sucking  up  molten  glass  and  the  bottle  mould  out  of  its  blowing  position. 
On  the  right  it  is  shown  in  its  blowing  position. 

When  the  glass  has  chilled  a  little  the  blank  mould  opens  and  there 
is  brought  around  the  blank  the  bottle  mould  (Fig.  171). 

Compressed  air  is  then  introduced  and  the  glass  is  blown  to  the  shape 
of  the  mould  (Fig.  172). 

When  the  glass  has  chilled  sufficiently  to  be  handled  the  bottle  mould 
opens  (Fig.  173)  and  the  machine  delivers  the  bottle  ready  to  be  taken  to 
the  annealing  lehrs.     ~ 

Each  machine  has  eight  or  more  arms  and  by  regulation  of  the  tem- 
perature of  the  molten  glass  and  the  moulds,  bottles  are  produced  with 
great  imiformity  and  speed.  Machines  turning  out  forty  and  even  more 
bottles  per  minute  are  now  in  operation. 

f  The  introduction  of  this  machine  has  revolutionized  the  glass  industry 
and  bottles  are  now  produced  in  plants  where  the  entire  process  from  the 
mixing  of  the  batch  to  the  annealing  of  the  finished  bottle  is  done  auto- 
maticaUy.  diuhzkh,  L.OOgIC 
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.  167.  Fig.  16&  Flo.  169,  Fio.  170. 
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Large  objects  such  as  vats,  jars  and  even  bathtubs  have  been  made  by 
the  Sievert  process.  Molten  glass  is  cast  on  a  perforated  metal  table  and 
after  being  properly  distributed'^e  chilled  edges  of  the  glass  are  clamped 
and  the  table  tinned  over.  The  hot  glass  sags  and  is  then  blown  into 
shape  by  compressed  air,  A  mould  or  other  form  is  used  to  give  the 
desired  shape. 

Optical  GIass.  Optical  glass  is  usually  made  in  a  one-pot  furnace 
and  differs  from  other  glass  in  being  allowed  to  remain  in  the  pot  until 
it  has  become  cool.  The  batch  is  melted  and  after  it  has  become 
"  plain  "  is  stirred  with  a  burnt  fire-clay  rod  to  produce  uniformity  and 


Fro.  171. 


Fio.  172, 


Fia.  173. 


destroy  stria.  Then  the  glass  is  quickly  cooled  until  it  loses  its  fluidity, 
and  after  this  it  is  very  gradually  cooled.  When  coot  the  pot  is  broken 
open  and  the  glass  sorted.  Otdy  a  small  portion  is  fit  for  use.  In  recent 
times  advances  have  been  made  in  this  kind  of  glass,  especially  at  Jena, 
where  many  of  the  optical  glasses  have  originated. 

At  the  present  time  a  large  quantity  of  optical  glass  is  made  in  furnaces 
containing  many  pots.  After  the  glass  in  the  pots  is  homogeneous  and 
ready  to  cool,  the  pot  is  either  transferred  to  a  cooUng  furnace  or  the 
glass  is  poured  like  plate  glass  (q.v.)  and  carefully  annealed.  These  plates 
are  then  cut  into-  sections  the  desired  size  and  ground  and  polished. 
Sometimes  in  order  to  produce  certain  shapes  these  flat  sheets  are  placed 
over  forms  and  brought  to  a  temperature  sufficient  to  soften  the  glass  and 
compel  it  to  assume  the  shape  of  the  form.  This  is  done  in  the  case  of 
reflectors.  Optical  glass  is  now  being  made  in  large  quantities  in  the 
United  States. 

Annealing.  In  all  the  processes  of  manufacture,  with  but  a  few  excep- 
tions, the  finished  articles  while  still  hot  are  taken  to  an  oven  and  gradu- 
ally cooled.  If  glass  is  cooled  suddenly  it  develops  great  internal  strain  • 
80  that  it  is  likely  to  fall  to  pieces  under  change  of  temperature  or  when 
its  surface  is  scratched.  An  extreme  case  of  sudden  cooling  is  the  Prince 
Rupert  drop,  a  piece  of  glass  produced  by  dropping  a  bit  of  molten  glass 
into  cold  water.  Instead  of  flying  to  pieces  it  becomes  very  hard  and 
tough,  but  if  scratched  with  a  file  or  its  thin  tail  broken  the  drop  flies  into 
a  fine  powder.  Glass  possessing  internal  strain  is  readily  detected  under 
polarized  light. 
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To  obtain  glass  free  from  strfun  it  must  be  "  annealed  "  or  cooled 
gradually.  This  ia  accomplished  either  by  placing  the  finished  article 
in  a  heated  room  and  allowing  the  fire  gradually  to  die  out  (kUns  or 
ovens)  or  by  gradually  withdrawing  the  article  from  the  heat  (lehrs). 
The  former  method  is  used  for  heavy  articles  such  as  carboys,  plate 
glass,  blanks  for  cutting,  and  optical  glass,  while  the  continuous  lehr  is 
used  for  Ughter  ware.  Recently,  however,  such  improvements  have  been 
made  in  continuous  lehrs  that  large  articles  and  even  plate  glass  can  be 
successfully  annealed  in  them. 

In  most  lehrs  the  gases  from  the  fuel  come  in  contact  with  the  ware  to 
be  annealed  but  the  best  practice  in  many  cases  now  calls  for  muffle  lehrs 
where  the  glass  passes  through  a  heated  muffle  and  does  not  oome  in  con- 
tact with  the  products  of  combustion. 

The  time  of  annealing  varies  from  a  few  hours  in  the  lehrs  to  a  week 
or  more  in  the  kilns,  depending  on  the  thickness  and  composition  of 
the  glass.  In  annealing  optical  glass  the  cooling  is  carefully  controlled 
and  of  long  duration,  as  any  sign  of  internal  strain  renders  it  unfit  for 
use. 

Cdored  Glass.  AnQata'  is  produced  by  the  addition  of  carbonaceous 
matter,  e.g.,  grain,  coke,  coal,  sawdust,  or  other  organic  matter,  to  a  lime 
glass.  The  intensity  and  shade  of  color  depend  on  the  kind  and  quantity 
of  matter  added.  Amber  is  also  produced  by  sulphur  and  certain  sul- 
phides. BU«k  is  produced  by  an  excess  of  coloring  matter  such  as  man- 
ganese, cobalt,  or  iron.  Blue  can  be  produced  by  cobalt  or  copper.  When 
pn>duced  by  cobalt  it  is  dark,  showing  purple  by  tranonitted  light.  The  - 
copper  blue  is  a  less  intense  color,  bordering,  on  the  green.  Canary,  a 
special  color  produced  by  uranium.  See  yellow.  Green.  Chromium  or 
iron  alone  will  produce  a  green  glass,  though  it  is  usually  made  by  com- 
bining several  oxides,  such  as  copper  and  iron  or  chromium  and  copper. 
Gray,  "  London  Smoke."  When  substances  producing  complementary 
colors  are  added  to  the  same  glass  a  gray  color  is  produced.  OpalescerU. 
Glass  resembling  the  opal  is  produced  by  the  addition  of  arsenious  oxide 
and  calcium  phosphate.  When  this  glass  comes  from  the  pot  it  is  colore 
less,  but  on  allowing  it  to  cool  and  then  reheating,  the  opalescence  is 
developed.-  If  the  cooling  is  carried  too. far  the  opalescence  is  lost  and  a 
milky  effect  produced.  Opal  or  white  opaque  glass  was  originally  pro- 
duced by  the  addition  of  cryolite  or  an  excels  of  calcium  phosphate 
(bone  ash).  Mixtures  of  fluorspar  and  minerals  containing  aluminium, 
rach  as  feldspar,  have  been  substituted  and  recently  artificial  compounds 
bearing  fluorine,  such  as  aluminuim  fluoride,  and  sodium  silico  Suoride, 
have  been  used.  Purple  is  produced  by  manganese  dioxide.  Red  or 
Rvby  is  produced  by  gold,  selenium  or  copper.  In  the  use  of  copper 
great  care  is  required  to  have  the  copper  in  the  right  condition  of  division 
and  reduction.  The  glass,  as  it  comes  from  the  pot,  is  usually  Ugbt  green 
in  color  but  on  cooling  and  reheating  an  intense  red  (such  as  is  used  for 
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railroad  signal  lights),  is  produced.  The  color,  however,  is  usually  too 
intense  for  use  alone  so  it  is  "  Sashed  "  by  gathering  a  small  quantity 
of  the  ruby  glass  and  then  covering  it  with  sufficient  clear  glass  to  make  the 
desired  color.  "Flashing"  is  frequently  resorted  to  in  making  colored 
sheet  glass.  Gold  ruby  is  worked  very  much  the  same  as  copper  ruby, 
excepting  it  can  be  produced  sufiSciently  Ught  in  color  to  be  used  alone, 
thou^  flaahit^  is  often  used  to  reduce  the  intensity.  Gold  ruby  as  it 
comes  from  the  pot  is  colorless  or  yellow,  but  when  properly  cooled  and 
reheated  develops  the  ruby  color. 

Selenium  ruby  is  now  made  which  requires  no  reheating  or  flashing. 
It  is  chiefly  used  for  signal  purposes. 

The  cause  of  the  peculiar  action  of  these  and  some  other  glasses  has 
recently  been  discovered  by  the  researches  of  SiedentoS  and  Szigmondi  on 
ultra  microscopic  particles.  They  have  shown  that  the  metalhc  gold  or 
cuprous  oxide  existe  in  an  extremely  flne  state  of  division  probably  held 
in  a  mechanical  suspension  resembling  a  colloidal  solution.  Thus  it  is 
that  if  the  gold  or  copper  remain  in  solution,  as  when  they  come  from  the 
pot,  the  red  color  is  not  produced,  but  if  the  correct  manipulation  of  the 
glass  takes  place  the  colloidal  solution  is  produced  and  the  red  coloration 
results. 

-  Artificial  gems  are  highly  refractive  glasses  of  purest  materials  and 
colored  with  metallic  oxides  to  imitate  precious  stones.  The  colorless 
glass  is  known  as  strass.  These  glasses  are  usually  soft,  because  of  the 
large  quantity  of  lead  used  to  produce  the  high  refractivity. 

Finishing  Processes.  Decorated  or  painted  glass  is  produced  by 
painting  on  the  glass  with  easily  fusible  glazes.  These  glazes  are  finely 
ground,  mixed  with  oil  and  applied  to  the  object  and  after  drying  it  is 
put  in  a  kiln  and  heated  sufficiently  to  fuse  the  glazes.  Cut  glass  is 
usually  a  highly  refractive  lead  glass  which  when  cut  shows  a  beautiful 
play  of  prismatic  color.  The  design  is  first  marked  out  with  red  paint 
and  then  "  roughed  "  with  sand  or  carborundum  on  an  iron  wheel.  It  is 
then  "  smoothed  "  on  a  fine-grained  stone  wheel  and  finally  polished  on  a 

APPROXIMATE  COMPOSITIONS  OF  VARIOUS  KINDS  OF  GLASS 
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wood  wheel  with  putty  and  pumice.  Of  recent  years  this  laat  operation 
has  been  replaced  by  dipping  in  strong  hydrofluoric  acid.  Glass  is 
obscured  or  roughed  by  means  of  sand  blast  or  by  dipping  in  a  bath  of 
alkaline  fluorides. 

In  etching  designs  on  glass  a  print  is  made  on  paper,  using  a  protective 
wax  as  ink.  This  print  is  transferred  by  rubbing  it  upon  the  glass.  The  ■ 
paper  is  removed,  leaving  the  ink  design  on  the  glass.  The  inside  of  the 
article  is  now  protected  by  was  and  then  immersed  in  hydrofluoric  acid. 
The  acid  etches  the  part  exposed,  but  does  not  affect  the  parts  protected 
by  the  ink  or  wax.  The  wax  is  then  removed  by  hot  water,  leaving  thfe 
finished  design.  Often  the  glass  is  first  obscured  by  the  sand  blast  and 
the  design  etched  in  the  roughened  surface. 

ANALYSIS  OF  JENA  CHEMICAL  WARE  GLASS 
Comp.  rend.  163;  355-7  (1916) 

SiO, 66.04  MnO 40 

B^ 8-02  ZnO 10.02 

TJO, 03  MgO. 5.88 

AliO. 1.05  Narf) 8.14 

FeO. .38 

APPROXIMATE  BATCHES  FOR  GLASS 


Plate  Glasi. 

Lime  GloM. 

LeadGUm. 

Sand 

.  100 

Sand 

100 

Sand 100 

30 
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12 

R«dlead 60 

Nitre 

10 

NitM 10 

Gullet  is  added  to  the  above  batches  in  racying  proportioiu. 
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CHAPTER  XIII 

WHITE  LEAD 

QU8TAVE  W.  THOMPSON 

'  Chi^  Chemial,  National  Lead  Company,  Brooklyn,  N.  Y. 

The  wune  white  lead  applies  to  a  compound  consistiog  of  carbonate 
of  lead  and  hydrate  of  lead  in  chemical  'union.  It  is  a  commercial 
name,  and  is  distinctive  of  a  definite  product  which  has  been  upon 
the  market  for  hundreds  of  years.  During  the  year  1907,  about 
130,000  tona  of  white  lead,  were  manufactured  in  the  United  States. 
This  amount,  produced  in  a  single  year,  exceeds  the  total  amount  of  all 
straight  pigments  made  from  lead  or  lead  ores  which  annually  had 
ever  been  produced  in  the  United  States.  The  ordinary  formula  for 
white  lead  is  given  as  2PbC0a .  Pb{0H)2,  corresponding  to  the  compo- 
^tions  shown  here. 


percent 

Lead  Carbonate 68.91 

Lead  hydrate 31.09 


11 


Lead. 


.     80.12 


Equivalent  to  per  ceot 

Lead  oxide  (PbO) 86.31 

Carbonic  acid  (COa) 11.38 

Water  (HaO) 2.31 

100.00 

The  evidence  that  there  is  a  definite  compound  of  this  composition 
is  found  in  the  following  facts: 

First.  If  carbonic  acid  gas  is  passed  into  a  solution  of  basic  acetate 
.of  lead,  a  precipitate  is  obtained  which,  at  first,  may  contsun  a  large 
percentage  of  basic  acetate  of  lead  in  more  or  less  insoluble  form.  As 
the  solution  becomes  more  nearly  neutral,  however,  the  copiposition  of 
the  precipitate  approaches  that  given  above.  The  basic  acetate  of  lead 
which  has  been  precipitated  with  the  white  lead  is  dissolved  in  the  more 
nearly  neutral  acetate  solution.  The  indications  are  that  the  chemical 
process  in  the  corrosion  of  white  lead  by  the  Dutch  process,  involves, 
at  the  start,  the  oxidation  of  the  lead  and  the  formation  of  basic  acetate 
of  lead;  that  this  basic  acetate  of  lead  is  decomposed  by  the  carbonic 
acid  present,  the  banc  lead  being  precipitated  as  white  lead;  and  that  the 
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neutral  acetste  of  lead  again  acting  upon  more  metallic  lead  is  changed 
into  the  basic  form  ready  to  be  acted  upon  again  by  carbonic  acid.  The 
precipitation  of  white  lead,  therefore,  from  solutions  of  basic  acetate  of 
lead  corresponds  to  the  formation  of  white  lead  in  the  stacks  after  the 
metallic  lead  had  become  oxidized. 

.  Second.  Any  one  who  ia  familiar  with  the  Dutch  process  of  corrosion 
can,  on  visitii^  the  corroding  stacks,  isolate  definitely,  to  his  own  satis- 
faction, white  lead  of  theoretical  composition.  His  examination  of  white 
lead  in  the  stacks  is  similar  to  the  examination  of  the  mineralo^st  who 
selects  pure  crystals,  which  he  analyzes  and  finds  to  have  definite  com- 
position. Other  formuIsB  for  white  lead  have  been  suggested,  but 
apparently  only  by  those  who  have  analyzed  commercial  samples  and 
who  have  not  been  familiar  with  the  process  itself.  It  ia  true  that 
commercial  white  leads  may  contain  a  higher  percentage  of  carbonate 
of  lead  than  that  shown  by  the  theoretical  formula;  this  is  due  to  the 
fact  that  the  corroding  operation  is  not  under  complete  control.  At 
timjes,  carbon  dioxide  will  be  in  excess,  and  it  will  then,  in  the  conditions 
in  which  the  white  lead  exists,  act  upon  the  white  lead,  converting  it 
to  qeutral  carbonate. 

There  is  no  evidence  that  a  limited  excess  of  carbonate  of  lead 
in  Vhite  lead  is  objectionable.  Some  advocate  a  percent^e  higher 
than  the  theoretical.  It  would  appear  proper,  however,  that  some 
reasonable  limit  should  be  placed  upon  this  excess.  What  this 
limit  should  be  can  be  determined  only  by  thorough  physical  an:l 
practical  tests. 

It  is  apparent  then,  that  white  lead  cannot  be  considered  as  a 
mechanical  mixture  of  carbonate  and  hydrate  of  lead.  It  is  possible  that 
hydrate  of  lead  can  be  mixed  with  carbonate  of  lead,  and  be  made  to 
combine,  but  there  is  no  evidence  that  the  properties  of  white  lead  are 
the  properties  of  carbonate  of  lead  and  hydrate  of  lead  separately 
considered. 

The  que8ti<m  has  arisen  as  to  Hie  proper  chemical  name  for  white 
lead.  It  may  be  questioned  as  to  whether  it  is  desirable  in  all  or 
many  cases  to  use  chemical  names  for  c(Bnmercial  products.  Commer- 
cial producte  are  seldom  approximately  composed  of  a  single  pure 
chemical  constituent,  and  by  using  a  chemical  name  for  a  commercial 
product  we  presuppose  approximate  purity.  Chemists,  of  course,  in 
making  their  analysis,  obt^  chemically  pure  precipitates,  but,  jn 
the  case  of  mechanical  mixtiucs,  the  results  obtwned  by  analysis 
are  of  value  in  proportion  as  they  are  expressed  in  percentages  of 
the  original  proximate  conatituenta  and,  in  so  far  as  possible,  in  com- 
mercial terms. 

Now  especially  is  this  true  in  the  case  of  white  lead,  for  in  the 
writer's  opinion,  there  is  no  thoroughly  satisfactory  ch^anical  name  current 
for  even  piue  white  lead.  The  most  cwnmon  name  is  "basic  lead  cvbonate" 
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but  this  is  not  satisfactory  in  that  it  is  not  sufficiently  descriptive.  It 
is  possible  to  have  anhydrous  basic  compounds.  The  name  "  hydrated 
basic  lead  carbonate  "  is  equally  unsatisfactory,  for  the  reason  that  the 
word  "  hydrated  "  may  refer  to  water  of  crystallization,  as  in  the  case 
of  so-called  "  fully  hydrated  calcium  sulphate."  Probably,  the  best 
name  for  chemically  pure  white  lead  is  "  lead  mono-'  ydrate  dicar- 
bonate,"  which  is  exceedingly  cumbersome  and  not  likely  to  be  substi- 
tuted for  the  simple  name  white  lead,  which  will  probably  continue  to 
be  used  as  answering  all  practical  purposes. 

Lead.    Lead  is  usually  found  as  an  ore  in  combination  with  sulphur 
as  lead  sulphide  or  galena.     Galena  is  usually  associated  with  other 
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minerals,  from  which  it  must  be  separated.  This  is  done  by  crushing, 
grinding,   and   concentration  until   rich   "  concentrates "   are  obtained. 

The  "  concentrates  "  are  roasted  and  smelted.  By  this  treatment  the 
sulphur  is  driven  off  and  crude  lead  obtained.  This  crude  lead  is  then 
refined  to  remove  the  copper,  silver,  and  other  impurities,  and  "  corrodii^ 
pig  lead  "  is  obtained. 

For  the  manufacture  of  white  lead  a  very  pure  pig  lead  is  neededi 
especially  in  such  processes  as  do  not  result  in  the  removal  of  some  of  the 
impurities  during  the  manufacturing  operation  at  some  point. 

There  is  probably  no  other  chemical  product  for  which  more  patents 
have  been  taken  out  claiming  to  revolutionize  processes  of  manu' 
facture.  Some  of  these  have  been  tHed  on  a  commercial  scale  and 
some  have  not  passed  beyond  the  issuance  of  patents.  Most  have  beea 
ineffective. 
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To-day  in  the  United  States  there  are  four  processes  in  practical 
commercial  operation.  These  are  the  Dutch,  the  Carter,  the  Matheson 
and  the  Rowley  or  Mild  Process.  All  of  these  processes  except  the  Mild 
Process  use  acetate  of  lead  as  an  assisting  agent  in  the  process.  The  great 
bulk  of  white  lead  in  the  United  States  is  manufactured  by  the  Duteh 
Process.    Next  in  volume  of  product  is  the  Carter  Process. 

The  Dutch  Process 

Corroding.  To  change  pig  lead  into  white  lead,  it  is  subjected  to 
the  corroding  gases  produced  by  the  fermentation  of  refuse  tan  bark. 
Special  buildings  are  provided  for  this  purpose,  known  as  "  corroding 


Fio.  175— Setting  Lead  "  Buckles  "  in  Pots. 

houses."  These  "  corroding  houses  "  are  buildings  about  30  ft.  high  with 
floor-space  usually  about  20  ft.X40  ft.  The  floor  of  this  building  may 
be  of  ordinary  earth,  and  upon  it  a  layer  of  spent  tan  bark  is  placed  about 
20  ins,  thick.  On  this  is  placed  a  layer  of  corroding  pots  covering  the 
entire  floor,  except  around  the  edges  where  tan  bark,  known  as  "  bank- 
ing," is  packed. 

In  each  corroding  pot  a  half  pint  of  weak  acetic  acid,  containing 
about  28  per  cent  of  glacial  acetic  acid,  is  placed.  These  pots  are  then 
filled  with  lead  buckles.  On  top  of  the  pots  is  placed  a  layer  of  boards, 
and  on  these  boards  another  layer  of  tan  bark.  Another  layer  of  pots 
is  placed  on  this  second  layer  of  tan  bark;  these  pota  are  filled,  as*  with 
the  first  layer,  and  other  layers  are  placed  on  this  until  there  are  from 
8  to  10  layers  or  "  tiers  "  in  the  stack. 
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For  the  corrosion  of  lead  to  white  lead,  a  certain  amount  of  ventilation 
ia  neceaaaiy  so  that  the  moisture  can  be  carried  off  from  the  stack.  This 
is  done  in  various  ways.  A  typical  way  is  to  provide  a  wooden  pipe 
that  shall  run  from  each  tier  up  near  the  center  of  the  stack  to  the  top. 
On  the  top  of  this  pipe  is  an  outlet  which  may  be  opened  or  closed  as 
may  be  desired. 

Chemical  Change.  When  the  stack  has  been  built,  the  tan  bark  com- 
mences to  ferment,  liberating  carbon  dioxide,  and  generating  considerable 
heat.  The  heat  causes  the  acetic  acid  to  evaporate  and  its  fumes  attack  the 
lead  buckles.    In  a  short  time  these  buckles  are  covered  with  a  layer  of 


Fio.  176.— Starting  to  Strip  Stack. 

basic  acetate  of  lead.  The  carbon  dioxide  generated  by  the  fermentation 
of  the  tan  bark  decomposes  the  basic  acetate  of  lead,  producidg  white  lead 
or  basic  carbonate  and  liberating  neutral  acetate  of  lead  which  has  a  strong 
solvent  action  upon  lead  itself.  This  fermentation  and  corrosion  of  the 
lead  continues  until  most  of  the  lead  is  changed  into  white  lead.  At 
times,  the  heat  generated  by  the  fermentation  of  the  tan  bark  rises 
rather  high,  often  exceeding  180°  F. 

Grinding.  When  the  fermentation  of  the  tan  bark  has  practically 
ceased  and  the  corroding  action  is  nearly  finished,  the  "  stack,"  as  the 
whole  body  of  tiers  is  called,  is  taken  down,  or  "  stripped,"  conmiencii^ 
at  the  top.  The  corroding  operation  takes  from  100  to  130  days.  When 
the  stack  is  stripped,  it  is  found  that  the  metalhc  lead  originally  in  the 
pots  has  been  changed  to  a  white,  porcelain-hke  material,  known  as 
white  lead.  Usually  all  of  the  metallic  lead  originally  present  has  not  been 
corroded.  It  is  necessary,  therefore,  to  remove  the  unaffected  lead 
before  grinding  for  paint  material.  This  work  is  done  largely  in  iron 
machinery  that  is  air-tight,  so  that  the  dust  formed  will  not  escape.    The 
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corroded  lead  from  the  stacks  is  first  passed  through  a  screen,  covered 
with  sheet-«teel  perforated  with  rather  large  holes.  This  screen  tumbles 
the  lead  about,  breaking  up  the  white  lead  sufficiently,  so  that  it  passes 
through  the  holes  in  the  steel  covering,  while  the  large  pieces  of  metallic 
lead  pass  out  as  tailings,  to  be  re-melted  for  further  use.  The  coarse  white 
lead  is  passed  through  rolls  and  fine  screens  to  remove  the  finer  metallic 
lead;  following  which,  the  white  lead  reaches  the  condition  known  as 
"  unground  carbonate  "  and  becomes  suitable  for  water-grinding.  The 
iingTound  carbonate  is  mixed  with  water  and  ground  between  high-speed 
millstones  to  such  a  fineness  that  every  particle  will  eventually  pass 
through  fine  silk  boltii^  cloth.    The  white  lead  suspended  in  water 


Fia.  177.— Rake  Tube,  through  which  White  Lead  is  Floated. 

is  floated  a  long  distance  so  that  any  coarse  and  underground  particles 
may  settle  out.  The  water  containing  the  white  lead  is  pumped  into 
large  tanks  and  allowed  to  settle. 

Pulp  Lead.  The  thick  mixture  of  white  lead  and  water,  called  "  pulp," 
which  settles  to  the  bottom,  is  pumped  onto  drying  pans  made  of  copper 
and  dried  with  exhaust  steam,  the  product  being  the  dry  white  lead  of  com- 
merce. This  dry  white  lead  is  mixed  with  linseed  oil  and  ground  throt^h 
buhr  mills  te  produce  a  white  lead  paste,  which  is  the  commercial  white 
lead  in  oil.  Sometimes  the  white  lead  pulp  is  mixed  directly  with  refined 
linseed  oil  in  special  mixers;  the  oil  thus  combines  mechanically  with 
the  white  lead,  producing  white  lead  in  oil,  water  being  eliminated.  Certain 
points  in  connection  with  the  manufacture  of  white  lead  by  the  Dutch 
-  process  deserve  special  consideration. 

CoiToding  Pig  Lead.  In  the  Duteh  process  a  very  pure  pig  lead  is 
needed,  as  the  more  objectionable  impurities  are  not  eUminated  to  an 
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appreciable  ertent  in  the  process  of  manufacture.  There  are  few,  if 
any,  metals  found  in  commerce  as  pure  as  the  best  grades  of  corroding 
lead.  Silver  and  copper  are,  however,  the  most  objectionable  impuri- 
ties, and  neither  ^oidd  exceed  0.0010  per  cent.  In  zinc  deailverization 
by  the  Parkes  process,  both  silver  and  copper  are  removed  well  below 
this  limit.  Bismuth  is  a  common  impurity  in  pig  lead;  it  is  not  removed 
by  the  Parkes  process.  Refining  by  the  electrolytic  process,  or  by  crystal- 
lization, as  in  the  Pattison  process,  eliminates  bismuth.  Bismuth  is 
objectionable  as  it  imparts  a  gray  tone  to  white  lead  containii^  it.  The 
manufacturing  difficulty  occasioned  by  bismuth  is  to  be  found  in  its 
tendency  to  collect  on  the  millstones  in  an  alloy  of  lead  and  bismuth 
somewhat  richer  than  the  original  pig  lead.  Iron  does  not  alloy  with 
lead  appreciably,  ao  that  in  melting  pig  lead  to  cast  it  into  buckles,  the 
iron,  which  may  have  been  present  in  the  pig  lead  as  a  mechanical 
impurity,  is  eliminated.  The  maximum  solubility  of  iron  in  lead  is  about 
0.0015  per  cent. 

While  a  very  pure  pig  lead  is  needed  for  the  manufacture 'of  white 
lead  by  the  Dutch  process,  this  does  not  necessarily  operate  against 
the  process  as  an  element  of  cost,  as  the  refining  of  lead  is  a  desilverizing 
process,  and  the  silver  recovered  generally  pay3  for  the  cost  of  refinii^. 
Attempts  to  manufacture  white  lead  from  the  low  grades  of  pig  lead 
running  relatively  high  in  silver  and  copper  should  not,  consequently,  be 
favored  from  the  standpoint  of  economy  of  operation. 

Acetic  Acid.  The  amount  of  28  per  cent  acetic  acid  lost  in  the  cor- 
rosion of  white  lead  by  the  Dutch  process  seldom  exceeds  I  per  cent 
of  the  lead  set.  Some  of  this  acetic  acid  is  carried  away  in  the  fiue  gases, 
some  is  eliminated  in  the  wash-water,  and  the  remainder  stays  with  the 
white  lead,  combined  in  some  form  of  insoluble  acetate.  Ordinarily  the 
amount  of  acetic  acid  present  is  about  0.08  per  cent.  There  is  no  evi- 
dence, based  on  practical  experience,  that  this  acetic  acid  is  objectionable. 
There  is  strong  evidence  that  a  very  much  larger  percentage  of  acetic  acid 
may  be  present  without  ^preciable  injury  to  the  product.  Very  carefully 
conducted  painting  tests  show  no  difference  in  durability  between  the 
ordinary  Dutch  process  white  lead  and  one  to  which  acetate  of  lead,  equiv- 
alent to  0.50  per  cent  of  glacial  acid  has  been  added. 

Fennentatioil.  The  micro-organisms,  which  are  in  part  the  cause 
of  the  generation  of  carbon  dioxide  from  the  tan  bark,  have  not  been 
isolated,  and,  so  far  as  is  known,  attempts  that  have  been  made  have 
been  unsuccessful  in  obtaining  pure  cultures.  The  indications  are  that  the 
oxidation  of  the  tan  bark  in  the  early  stages  of  the  corroding  action  is 
due  to  fermentation  produced  by  micro-organisms,  but,  when  the  heat 
has  reached  a  certain  point,  the  oxidation  is  in  the  nature  of  slow  com- 
bustion, in  which  micro-organisms  have  little  or  no  part; 

Pulp-mixed  White  Lead.  It  has  been  mentioned  that  white  lead  in 
water  can  be  mixed  with  linseed  oil,  with  the  result  that  the  oil  displaces 
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the  water  and  combines  mechanically  with  the  white  lead.  This  is  the 
basis  of  pulp-mixed  white  lead.  Its  manufacture  is  more  aanitaiy  than 
dty  grinding,  and  is  the  principal  reason  why  the  pulp-mixed  process 
has  become  popular.  Pulp-mixed  white  lead,  also,  is  somewhat  whiter 
tiian  dry  ground,  because  there  is  less  overheating  in  the  mills,  while  some 
of  the  mechanical  impurities,  such  as  tan  bark,  are  eliminated  with  the 
water.  The  amount  of  water  left  in  pulp-mixed  lead  seldom  exceeds 
0.50  per  cent,  and  usually  is  much  less.  There  is  no  evidence  that  this 
water  operates  injuriously  upon  the  paint  prepared  from  pulp-mixed 
lead,  nor  is  there  any  evidence  that  pulp-mixed  lead  is  inferior  in  any 
respect  to  the  old-fashioned  lead  ground  in  chasers  and  then  through 
buhr  mills.  Evidence,  on  the  other  hand,  has  been  obtained  that  pulp- 
mixed  lead  is  equal  in  all  its  quahties  to  dry  ground,  and,  in  addition  to 
that,  it  works  somewhat  better  for  inside  work  where  what  is  known  as 
"  flat  work  "  is  done. 

The  Carter  Process 

Chemically,  white  lead  manufactured  by  the  Carter  process  is  the 
same  as  when  mantifactured  by  the  Old  Dutch  process.  In  each  case 
pure  metallic  lead  is  converted  into  basic  lead  acetates  which  are  acted 
upon  by  carbon  dioxide  to  form  basic  carbonate  of  lead,  or  white  lead. 

The  Carter  process  starts  with  pig  lead,  a  grade  commercially  known 
as    "  corroding,"    which    is   as  free    as 
possible  from    bismuth,    antimony   and 
other  impurities. 

The  first  step  is  to  atomize  the 
metallic  lead,  the  method  being  sub- 
stantially the  same  as  atomizing  a  liquid 
in  the  ordinary  nasal  atomizer.  The 
pig  lead  is  melted  in  a  kettle  to  which 
is  affixed   a   nozzle   through  which   the  pjg.  jTg. 

molten  lead  flows  by  gravity.     At  the 

outlet  it  is  struck  by  a  jet  of  superheated  steam  which  atomizes  or>bIowB 
the  lead  into  very  fine  particles  which  are  very  slightly  oxidized. 

In  some  text-books  on  paints  and  paint  pigments,  the  Carter 
process  is  referred  to  as  "  the  quick  process."  This  is  a  little 
misleading,  for  while  the  time  of  corrosion  is  cut  down  from  about 
120  days  by  the  Dutch  process  to  about  fifteen  days,  the  mass  of 
metallic  lead  exposed  to  the  corroding  agencies  is  reduced  in  much  greater 
proportion. 

The  powdered  lead,  in  charges  of  about  4000  pounds,  is  then  placed 
in  wooden  cylinders  about  6  feet  in  diameter  and  10  feet  long,  which 
revolve  very  slowly  on  their  own  horizontal  axes.  The  metalUc  lead  in 
the  cylinders  is  treated  with  dilute  acetic  acid  and  carbon  dioxide.    A 

D,uMZK;l;,V.OOglC 


368  INDUSTRIAL  CHEMISTRY 

very  weak  solution  of  the  acetic  acid  is  sprayed  into  the  cyUnders  at 
inten^als.  The  carbon  dioxide  is  admitted  through  the  center  of  the  head 
and  is  produced  by  the  perfect  combustion,  in  the  presence  of  an  excess 
of  oxygen,  of  carefully  selected  coke.  The  coke  is  buraed  under  boilers 
so  as  to  utilize  its  caloric  value.  The  lead  in  the  cylinders  is  kept  moist 
with  water  during  corrosion  and  a  certain  per  cent  of  oxygen  (air)  pass 
into  the  cylinders  with  the  carbon  dioxide. 

The  action  of  the  acetic  acid  upon  an  excess  of  metallic  lead  and 
lead  oxide  produces  various  basic  lead  acetates.  The  carbon  dioxide 
acting  on  the  basic  acetates  forms  basic  lead  carbonate  or  white  lead. 
The  acetic  acid,  freed  by  t^je  action  of  the  carbon  dioxide  on  the  basic 
acetates,  acts  again  on  the  excess  of  metallic  lead  and  lead  oxide  and  is 
again  liberated,  and  so  on  in  cycles  until  corrosion  is  complete. 

As  the  cylinders,  Fig.  178,  slowly  revolve,  the  pulverized  lead  is  carried 
upward  on  the  interior  of  the  cylinder  and  rolls  down  to  the  bottom, 
exposing  new  particles  to  the  corroding  agencies.  The  heavy  mass  also 
performs  most  efficiently  the  functions  of  a  tube  mill  in  grinding  the 
carbonate  off  the  metallic  particles  as  fast  as  it  is  formed  and  reducing  it 
to  an  exceedingly  fine  powder. 

By  the  Carter  process  corrosion  is  complete  in  about  fifteen  days.  No 
artificial  heat  is  required,  sufficient  heat  being  generated  by  the  chemical 
combination  to  keep  the  contents  of  the  cylinder  at  about  145°  F.  during 
corrosion. 

At  the  proper  stage,  the  cylinders  are  emptied  and  the  white  lead  is 
then  washed  and  agitated  in  water,  removing  any  traces  of  acetic  acid 
or  acetate  of  lead.  It  is  then  floated  in  water  to  remove  the  small  particles 
of  coarse  lead,  if  any,  and  is  then  pumped  into  storage  tubs,  where  the 
lead  settles  in  the  form  of  a  heavy  pulp.  After  evaporating  the  water 
from  the  pulp,  the  result  is  commercial  dry  white  lead. 

For  general  use,  white  lead  is  put  up  in  stiff  paste  form  to  facilitate 
mixing  into  paint.  This  paste  consists  of  92  per  cent  of  hydrated  carbon- 
ate of  lead  and  8  per  cent  of  pure  raw  linseed  oil.  This  paste  is  produced 
in  two  ways:  one  by  chasing,  mixing  and  grinding  in  a  double  set  of 
heavy  buhr-stone  mills,  dry  white  lead  and  pure  linseed  oil;  the  other 
i^  mixing  the  lead  pulp  (lead  and  water)  with  Unseed  oil  in  what  is  known 
as  pulp  machines,  the  white  lead  taking  up  the  oil  to  the  exclusion  of 
the  water  and  becoming  "  lead  in  oil "  which  is  then  chased  and  mixed 
and  run  through  the  heavy  buhr-stone  mills.  The  pulp  process  simply 
does  away  with  drying  the  lead  pulp,  and  the  only  purpose  of  the  heavy 
grinding  is  to  secure  complete  incorporation  of  the  lead  and  the  oil. 
Properly  ground  lead  in  oil,  ground  either  dry  or  from  pulp,  does  not  COD- 
tain  more  than  0.5  per  cent  of  free  moisture. 

The  last  step  in  the  Carter  process  is  to  convey  the  paste  white  lead 
from  the  mills  to  storage  tanks,  each  of  75  tons  capacity,  where  it  is 
allowed  to  stand  for  several  days  before  it  is  drawn  off  and  filled  into 
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kegs.    Hie  pressure  of  the  lead  in  these  tanks  completes  a  perfect  satura- 
tion of  the  lead  with  the  oil  and  forms  a  very  smooth,  unctuous  paste. 


The  Matheson  Pbocess 

This  process  is  a  development  of  the  process  usually  attached  to  the 
name  of  Thenard,  who  introduced  it  at  Clichy,  France.  It  involves 
the  use  of  a  solution  of  basic  acetate  of  lead  into  which  carbon  dioxide 
more  or  less  purified  is  conducted.  The  carbon  dioxide  combines  with 
the  basic  lead  removing  it  from  its  combination  as  acetate  of  lead,  the 
carbonate  compound  separating  as  a  precipitate  of  white  lead.  The  white 
lead  thus  produced  is  removed  by  filtration,  washed  with  water  and  dried. 
The  nearly  neutral  lead  acetate  is  then  recharged  with  lead  oxide  to  bring 
it  to  the  proper  basicity  and  the  operation  repeated.  The  lead  acetate 
acts  therefore  as  a  carrier  for  the  lead  and  theoretically  should  all  be 
recovered.  A  small  amount  of  the  acetate  of  lead  remains  with  the  white 
lead  however,  probably  as  a  hexbasic  acetate. 

The  Rowlet  or  Mild  Pbocess 

Thb  process  although  similar  to,  differs  from,  the  Carter  Process  in  that 
no  acetic  acid  is  used.  It  had  long  been  assumed  that  white  lead  could 
not  be  made  without  a  carrier  like  acetate  of  lead.  The  advent  of  this 
process  shows  that  this  assumption  was  erroneous.  The  lead  is  atomised 
in  a  manner  ramilar  to  that  used  in  the  Carter  Process.  The  atomized 
lead  after  proper  floatation  is  run  into  oxidizers  which  consist  of  mechani- 
cally agitated  tanks  containing  water  into  which  air  under  low  pressure 
is  forced.  The  oxide  of  lead  so  produced— which  may  be  more  or  less 
in  the  form  of  hydroxide  is  floated  away  from  the  unoxidized  metal  and 
run  into  carbonators  which  are  horizontal  rotating  cylinders  where  under 
the  action  of  carbonic  acid  gas  (contained  in  purified  flue  gas)  white  lead 
is  produced.  It  is  then  allowed  to  settle  and  the  thickened  pulp  is  pumped 
onto  drying  pans  and  dried. 

The  Euston  Process  * 
"  The  Euston  process  for  the  manufacture  of  white  lead  has  been 
devdoped  to  commercial  success  during  the  past  seven  years,  and  is  now 
owned  and  used  by  Euston  Process  Company,  of  Scranton,  Pa.,  which 
has  recently  enlarged  its  plant  to  a  capacity  of  8000  tons  per  annum. 
The  principle  underlying  this  process  is  that  white  lead,  contrary  to  the 
usual  view  that  it  is  a  single  compound  is  a  mixture  of  a  basic  carbonate 
of  lead  of  the  approximate  composition  PbCOa  ■  Pb(0H)2,  in  variable  pro- 
portions with  substantially  normal  lead  carbonate,  PbCOa ;   and  that,  by 

*  Private  communication  from  Edwin  Eiuton. 
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the  Bepa^te  preparation  of  these  two  componentfi  and  thdr  later  admix- 
ture in  equivatent  portions,  wiiite  lead  analyzing  SFbCOs  ■  Pb(0H)3  is 
obtained.  By  varying  the  relative  quantities  of  the  two  componeDts, 
the  composition  of  the  white  lead  can  be  varied  at  will. 

"  The  process  uses  the  Thenard  method  of  precipitation  from  basic 
lead  acetate  solution  by  carbon  dioxide  gas,  but  with  the  distinctive 
patented  features  that  (1)  to  produce  a  basic  carbonate,  FbCOs  ■  Pb(0H)3, 
the  treatment  with  carbon  dioxide  gas  is  stopped  before  the  solution  be- 
comes acid  in  reaction;  (2)  to  produce  a  substantially  noimal  carbonate 
PbCOs,  the  treatment  with  carbon  dioxide  gas  is  continued  until  the 
solution  becomes  acid  in  reaction;  and  (3)  to  form  white  lead  the  sepa^ 
rately  formed  basic  carbonate  and  the  substantially  normal  carbonate 
are  mixed.  The  process  is  readily  controlled  at  all  stages  by  means  of 
sensitive  tests  devised,  and  uniformity  of  product  is  therefore  obtained. 
The  type  of  apparatus  used  is  distinctly  original,  and  is  of  importance  in 
governing  the  physical  characteristics  of  the  white  lead  produced. 

"  The  process  retains  the  hygienic  feature  of  the  Thenard  method, 
and  is  the  only  precipitation  process  yet  devised  which  meets  successfully 
the  commercial  specifications  and  requirements  in  the  white  lead  produced. 
The  characteristics  of  the  product  are  greater  uniformity,  fineness,  white- 
ness and  freedom  from  metalHc  and  "  sandy  "  lead.  Ground  in  10  per 
cent  linseed  oil  to  a  moderately  stiff  paste,  it  requires  for  reduction  to 
painting  consistency  only  the  same  amount  of  oil  as  white  lead  made  by 
the  stack  process,  and  is  equal  m  opacity." 

The  Value  of  White  Lead  as  a  Pigment  That  white  lead  is  the 
only  white  pi>;nient  which  has  been  generally  and  successfully  used, 
at  least  in  this  country,  as  a  pigment  by  itself  is  a  fact  which  requires 
no  demonstration.  Some  of  the  reasons  that  have  been  assigned  for 
this  superiority  of  white  lead  are  unteni^le.  The  commonest  exj^ana- 
tion  advanced  for  the  superiority  of  white  lead  is  that  it  enters  into 
combination  with  linseed  oil,  formii^  a  lead  soap.  It  has  been  stud 
that  the  hydrate  of  lead  combining  with  the  linseed  oil  in  this  way  gives 
to  white  lead  paint  its  working  qualities  and,  as  a  supplement  of  this 
theory,  it  has  been  asserted  that  it  is  the  carbonate  of  lead  that  gives 
to  white  lead  its  body.  So  many  eminent  authorities  have  accepted 
and  advocated  this  theory  that  we  feel  some  hesitancy  in  questioning  it. 
It  would  appear,  however,  that  there  is  little  ground  for  the  belief  that 
white'  lead  combines  with  linseed  oil,  except  to  an  almost  inappreciable 
extent.  Hanney  pointed  this  out  many  years  ago  when  he  found  that 
by  the  extraction  of  white  lead  paste  he  was  able  to  obtain  practically 
all  of  the  linseed  oil  it  contained  in  its  original  form.  Hanney's  work 
has  been  duplicated  by  the  writer  on  many  occasions,  confirming  his 
results  and  conclusions. 

It  is  true  that  white  lead  can  be  made  to  react  on  linseed  oil  at 
about  the  temperature  of  boiling  water,  but  even  then  the  reaction  is 
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only  slight,  unlesa  the  heating  is  prolonged  for  some  time.  White  lead 
cont^ns  about  31  per  cent  of  lead  hydrate.  Figuring  from  the  saponifica- 
tion value  of  linseed  oil,  which  we  place  at  190.  100  lbs.  of  white  lead 
would  require  76  lbs.  of  linseed  oil  to  combine  with  this  lead  hydrate. 
It  is  seen,  therefore,  that,  in  a  white  lead  paste  containing  10  per  cent 
of  linseed  oil,  there  is  a  large  excess  of  base  which  would  insure  the 
complete  saponification  of  the  oil  if  such  a  reaction  Bhould  take 
place. 

On  extracting  white  lead  paste  with  ether,  it  is  found  that  the 
linseed  oil  obtained  contains  a  very  small  percentage  of  lead.  The 
lead  soaps  obtained  by  precipitating  the  fatty  acids  of  linseed  oil 
with  a  lead  compound  dissolve  readily  in  ether,  with  the  exception 
of  the  lead  soaps  of  the  saturated  fatty  acids,  so  that  practically  all 
lead  compounds  would  be  diaaolved  by  the  ether.  White  lead  adds  to 
the  drying  qualities  of  linseed  oil  with  which  it  is  ground  to  the  extent 
of  this  very  small  amount  of  lead,  which  combines  with  the  linseed  oil 
and  dissolves  in  it. 

As  linseed  oil  paste  does  not  show  a  ■  combination  of  the  white 
lead  with  the  lioseed  oil,  so  it  is  also  found  that  where  an  excess  of 
oil  is  used  there  is  no  appreciably  amount  of  combination  between  the 
hydrate  of  lead  present  and  the  linseed  oil.  Whether  there  is  any  com- 
bination between  oxidized  linseed  oil  and  white  lead  after  a  paint  has 
been  applied  is  not  definitely  known.  We  have,  however,  no  evidence 
that  such  a  combination  takes  place,  and  it  seems  improbable  that  it 
does. 

The  conclusion,  then,  is  that  white  lead  is  a  relatively  inert  pigment, 
entering  into  combination  to  only  a  slight  degree,  if  at  all,  with  linseed 
<nl  or  any  of  its  constituents,  when  joixed  with  it  as  a  paint. 

Lead  Poisoning  and  its  Preveatioa.  In  operations  involving  the  use  of 
lead  or  its  compounds  there  has  been  in  the  past  considerable  suffering 
from  lead  poisoning.  A  study  of  lead  poisoning  and  the  methods  which 
can  be  adopted  for  its  prevention  indicate  that  with  proper  sanitary 
provisions  lead  poisoning  can  be  reduced  to  a  negligible  amount.  This 
has  been  the  experience  in  Europe  and  the  United  States. 

To  bring  this  desired  residt  about,  it  has  been  nece.sFary  to  develop 
a  sentiment  in  favor  of  the  proper  control  of  manufacturing  operations 
involving  the  use  of  lead,  together  with  a  proper  recognition  by  employees 
of  the  dangers  to  which  they  are  subjected  and  the  responsibilities  which 
rest  upon  them  to  co-operate  with  manufacturers  in  the  avoidance  of  those 
dangers.  It  is  perfectly  obvious  that  the  whole  progress  of  civilization 
consists  in  the  intelligent  control  of  dangerous  things.  Fire  is  a  very  destruc- 
tive force,  but  properly  controlled  it  has  given  us  our  steam  engine  and 
power-producing  plants.  Electricity  has  killed  a  great  many  people,  but 
by  a  proper  knowledge  of  insulating  materials  and  the  dangers  connected 
with  the  handling  of  electrical  apparatus,  injury  and  death  from  the 

D,uMZK;l;,V.OOglC 


372  INDUSTRIAL  CHEMISTRY 

electric  current  in  industrial  operations  has  been  rendered  infrequent. 
By  the  proper  harneseing  of  our  water  supplies,  they  have  changed  from 
a  destructive  force  into  engines  of  huge  service.  In  every  industry 
there  are  hazards  peculiar  to  that  industry,  which  intelligent  study  lead- 
ing to  proper  control  can  eliminate.  In  this  respect  the  lead  industries 
are  in  no  way  peculiar,  as  the  following  account  will  show.  If  manu- 
facturers install  the  proper  sanitary  equipment  and  if  employees  follow 
simple  sanitary  practices  lead  poisoning  is  avoided. 

The  following  statement  with  regard  to  lead  poisoning  from  the 
physician's  standpoint  has  been  prepared  by  Dr.  George  E.  Brockway, 
attendant  physician  at  one  of  the  branches  of  the  National  Lead  Com- 
pany. 

Plumbism.  "  Plumbism  or  lead  poisoning  has  been  known  for 
several  centuries.  We  know  that  Hippocrates  recognized  it  and  that 
Raphael  and  Michael  Angelo  acquired  it  through  mixing  their  own 
paints.  However,  it  was  not  accurately  described  until  1839,  when 
Tanguerel  des  Planches  published  a  symposium  on  that  subject. 

"  Lead  in  any  form  may  be  poisonous,  but  the  fumes  from  molten 
lead  and  dust  from  the  finer  crystal  salts  or  compounds  are  responsible 
for  tjie  greater  number  of  saturnine  intoxications. 

Ocatrrejice.  "  There  is  a  belief  that  a  great  difference  in  individual 
susceptibility  to  the  toxic  action  of  this  metal  exists,  and  one  can  not 
tell  whether  the  strong  and  robust  or  the  weak  and  sickly  will  become  a 
victim.  Of  course  generally  speaking,  those  in  good  health  will  withstand 
the  greater  exposure,  but  not  infrequently  one  finds  a  healthy  subject 
is  poisoned  by  the  minutest  quantity,  whereas  a  thin,  luiEemtc  workmiui 
may  show  no  symptoms  after  years  of  exposure  in  most  unsanitary  sui^ 
roundings. 

Pathology.  "  The  pathology  is  rather  obscure  for  the  lesioos  caused 
by  lead  are  mostly  not  typical  as  they  are  also  found  in  many  other  dis- 
eases and  conditions.  The  one  typical  lesion  is  a  stippled,  bluish-gray 
line  found  on  the  portions  of  the  gums  contiguous  to  the  teeth.  This  is 
due  to  a  deposit  within  the  substance  of  the  giuns,  and  as  it  cannot  be 
brushed  off  it  is  easily  differentiated  from  the  so-called  dust  line  found  in 
any  dusty  trade.  The  granular  degenerations  appearing  m  stained 
smears  as  little  black  dots  within  the  red  blood  cells  are  perhaps  the 
next  most  typical  lesion,  though  these  may  be  seen  in  any  case  of  severe 


"  The  other  pathol<^cal  conditions  caused  by  lead  are  catarrh  of  the 
stomach,  chronic  gastritis,  acute  and  more  often  chronic  kidney  trouble. 
In  cases  of  long  duration  hardening  of  the  arteries  and  subsequently 
enlargement  of  the  heart  along  with  degeneration  of  its  muscle  fibers 
occur.  Inflammation  of  the  nerves  of  the  hands  and  sometimes  of  the 
feet  may  arise  and  manifests  itself  at  first  as  tingling,  burning,  weakness 
or  numbness,  and  later  if  untreated  there  is  a  paralysis  or  atrophy  of  the 
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extensor  muscles  of  these  memberB,  resulting  in  wrist  or  foot  drop.  Iiead 
pigment  in  severe  cases  may  be  isolated  from  stomach,  liver,  kidneys, 
blood,  Imi'gs  and  brain,  showing  that  this  insidious  poison  permits  neither 
alimentary,  excretory  nor  nervous  systems  of  the  body  to  escape  its 
ravages. 

Symptomatology.  "  The  common  classificatifm  of  the  symptoms  due 
to  lead  are  usually  grouped  under  the  two  heads  of  absorption  and  intoxi- 
cation. Lead  absorption  means  slight  poisoning,  just  as  surely  as  lead 
intoxication  means  greater  poisoning,  so  it  is  better  not  to  confuse  our- 
selvee  with  these  useless  terms. 

"  The  most  common  primary  symptom  due  to  lead  is  stomach  or 
intestinal  distress  which  manifests  itself  as  a  burning  sensation,  slight  pain, 
nausea,  constipation  or  feeling  of  fullness.  These  symptoms  grow  more 
intense  until  there  is  coiistant  nausea,  vomiting  or  acute  cramping  abdomi- 
nal pain,  together  witn  slight  or  intractable  constipation.  Oftentimes 
the  occurrence  of  a  slight  tendency  to  constipation  in  an  individual, 
who  has  previously  been  free  from  such  a  condition,  will  clinch  the 
diagnosis  of  lead  poison.  Headaches  of  a  chronic  character,  dizzi- 
ness and  disturbance  of  vision  are  not  infrequent  occurrences  in  lead 
workers. 

"  The  danger  line  symptoms  are  ahuost  always  preceded  by  pain 
and  there  are  few  diseases  tliat  may  cause  so  many  different  types  of  pain. 
The  workers  who  inhale  dust  of  the  molten  metal  are  prone  to  develop 
nerve,  bone  and  muscle  paius,  seembgly  being  more  or  less  immune  to  the 
gastric  intestinal  symptoms.  Backache,  most  often  in  the  lower  lumbar 
region,  is  complained  of  by  fully  two-thirds  of  the  cases  which  I  have  seen, 
and  vague  muscle  and  joint  pains  are  experienced  -by  the  other  third. 
The  shoulder  joints  and  wrists  are  more  often  affected  than  the  other 
joints  of  the  body.  Bone  pains,  especially  along  the  shin  bones,  may  be 
very  persistent,  transformii^  the  nights  into  hoiirs  of  constant  suffering. 
Like  other  diseases,  the  symptoms  of  lead  poisoning  are  most  troublesome 
at  n^t.  Perhaps  the  afflicted  is  distracted  durmg  the  day  and  does  not 
notice  hia  suffering,  or  the  fatigue  of  his  day's  work  may  make  the  nerves 
more  susceptible  to  the  action  of  the  poison. 

"  The  brain  and  central  nervous  system  do  not  escape  the  action 
of  lead,  and  in  cases  of  a  chronic  character  severe  headache  may  be  very 
penistent-  Lead  psychosis,  acute  or  chronic,  is  now  a  rather  rare  condi- 
tion which  used  to  be  very  common  before  modem  methods  of  sanitation 
became  effective.  The  acute  form  is  preceded  by  several  days  of  severe 
headache  and  is  soon  followed  by  active  delirium,  gradually  changing 
to  a  stuporous  sleep,  fuid  very  often  terminating  in  convulsions  and  death. 
The  chronic  form  simulatee  the  psychosis  of  dementia  paralytica  (insanity 
with  paralysis)  and  is  not  infrequently  confounded  with  it.  Recovery 
fnxQ  the  acute  form  occasionally  occurs,  but  is  very  rare  in  the  chronic 
type. 
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"The  toxic  action  of  lead  does  not  ceaae  with  the  sufFeren  themselves 
but  may  be  passed  on  to  their  offspring.  Prematurity,  idiocy  and  infan- 
tilism have  often  been  observed  among  the  families  of  those  sufFering 
from  lead  poisoning. 

Lead  as  a  Factor  in  Odier  Diseases.  "All  the  dusty  and  gaseous 
trades  predispose  to  puhnonary  disease  and  lead  is  no  exception.  This 
can  be  easily  explained  because  any  irritating  substance  inhaled  makes  the 
pulmonary  tissues  susceptible  to  infection.  Any  lead  worker  who  suffers 
from  amemia,  has  an  impoverished  condition  of  the  blood,  which  presents 
a  sorry  barrier  to  any  infectious  disease. 

Prevention.  "Proper  sanitation  in  the  lead  industries  will  prevent 
the  major  portion  of  the  poisonings  from  this  cause.  The  factories  should 
hav£  free  circulation  of  fresh  air  with  proper  suction  ventilators,  dust^ 
less  walls  and  floors,  or  at  least  adequate  measures  to  prevent  the  dust 
from  flying  about.  All  melting  pots,  furnaces,  grinders  and  dusty 
machinery  should  be  protected  by  suction  hooda  and  the  products  of  these 
machines  should  be  mechanically  emptied  into  covered  conveyers.  Work- 
men should  have  clean  overalla,  roppirators  and  adequate  facilities  for  bath- 
ing of  the  entire  body.  No  food  should  be  consumed  before  washing  the 
han<ls  and  face  and  then  only  in  rooms  provided  for  that  purpose.  Sepa- 
rate lockers  should  be  provided  for  working  and  street  clothing  and  the 
men  should  be  encouraged  to  keep  their  working  clothes  clean  or  supplied 
frequently  with  clean  overalls.  Weekly  or  at  least  monthly  medical 
inspection  of  the  workers  will  usually  prevent  any  serious  poisonings 
by  n-eeding  out  the  susceptibles  and  afflicted  and  advising  the  well  how 
to  continue  healthy. 

"After  all  these  safeguards  have  been  provided  it  is  absolutely  impera- 
tive that  they  should  be  frequently  inspected  and  that  the  workers  should 
be  compelled  to  observe  the  rules  of  the  factory. 

Treatment.  "The  treatment  of  lead  poisoning  should  be  supervised 
by  a  physician  and  the  indiscriminate  use  of  cathartics,  sulphuric  acid 
lemonades,  aspirin  and  other  patent  pain  relievers,  can  only  do  ultimate 
harm.  The  drugs  that  are  supposed  to  eliminate  lead  are  few  and  of 
doubtful  value.  Constipation  should  be  combated  by  vegetables,  fruits 
and  bran  foods  with  the  aid  of  plenty  of  water  and  mineral  oil.  Neuritic 
patients  need  mechimical  devices  for  the  prevention  of  deformities  and 
properly  graded  massage  and  electric  treatment  after  the  acute  symptoms 
have  subsided.  Fresh  air,  plenty  of  fresh  food,  abstinence  from  alcohol 
and  daily  bowel  movements  are  more  important  than  all  the  dn^  which 
the  physician  has  in  his  armamentarium." 

According  to  the  best,  information  obtainable  to-day  lead  as  a  poison 
enters  the  system  only  through  two  channels,  the  mouth  and  the  nose. 
There  is  a  difference  of  opinion  as  to  whether  lead  is  absorbed  more  in  the 
lungs  or  in  the  digestive  tract.  It  has  been  fairly  well  estabhshed,  however, 
that  if  lead  does  not  enter  the  mouth  or  nose,  workmen  are  practical^ 
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tree  from  dai^er  of  poisoning.  With  this  simple  proposition  in  mind 
the  following  practical  conclusions  may  be  drawn: 

To  avoid  lead  poisoning,  no  food  should  be  eaten  where  manufacturing 
operations,  expecially  those  of  a  dusty  character,  are  carried  on,  dot 
should  water  nor  other  Uquids  be  drunk  in  such  places.  The  hands  and 
faces  of  workmen  should  be  scrupulously  cleaned  before  eating.  To 
facilitate  this  cleaning  workmen  should  not  have  whiskers  or  mustaches, 
especially  the  latter,  which  are  apt  to  prevent  the  proper  removal  of  lead 
dust.    In  especially  dusty  places  respirators  should  be  used. 

In  order  to  make  the  surroundings  of  workmen  in  the  lead  industries 
more  sanitary  suitable  apparatus  should  be  installed  to  prevent  dust 
from  getting  into  the  air  and  to  remove  it  immediately  if  this  is  not  prac- 
ticable. As  far  as  possible  lead  products,  etc.,  should  be  handled-  by 
machinery  and  not  by  hand.  Several  States,  following  the  lead  and  advice 
of  the  American  Association  for  Labor  Legislation,  have  adopted  restric- 
tions and  r^ulations  regarding  the  manufacture  of  lead  products.  In  the 
main  these  laws  have  appeared  satisfactory,  probably  because  most  manu- 
facturers have  been  glad  to  co-operate  voluntarily  in  carrying  out  their 
provisions. 

It  has  been  difficult,  however,  to  reach  certain  clasees  of  users  of  lead 
products,  particularly  house  painters.  There  is  little  danger  in  exterior 
painting  on  account  of  the  dust  which  may  arise  from  sandpapering, 
although  there  is  still  danger  of  lead  poisoning  through  lack  of  cleanliness 
on  the  part  of  workmen;  but  on  interior  painting  there  is  considerable 
danger  of  lead  poisoning  if  dry  sandpapering  processes  are  followed.  It 
has  been  found,  however,  that  by  the  use  of  mineral  oils  having  a  safe 
flash  point,  sandpapering  can  be  done  without  much  dust  being  formed 
the  paper  being  dropped  into  the  oil  before  using.  An  oil  of  this  kind 
should  be  completely  volatile  and  have  a  flash  point  above  ICO"  F.  Kero- 
sene oil  or  coal  oil  may  be  used,  but  if  it  is  used  the  part  sandpapered  should 
be  cleaned  with  benzine.or  a  similar  light  solvent. 

One  of  the  most  important  things  about  a  lead  factory  is  to  keep 
things  clean.  It  is  very  desirable  to  have  floors  that  can  be  flushed  down 
with  water  or  at  least  swept  up  very  frequently  with  wet  sawdust.  All 
machinery  as  already  indicated  should  be  dust  tight.  When  lead  products 
can  be  handled  in  the  wet  state  manufacturing  operations  are  more  health- 
fuL  The  repairing  of  machinery  is  most  dangerous  as  the  machines  have 
to  be  opened  and  subject  to  more  or  less  shock,  which  loosens  the  dust. 
Under  such  conditions  respirators  or  other  protective  measures  ^ould 
always  be  adopted. 

Lead  poisoning  occurs  in  some  kinds  of  lead  mining,  particularly  in 
the  case  of  what  are  known  as  the  dry  or  oxidized  ores.  It  has  been  stated, 
however,  that  in  the  mining  of  sulphide  ores  lead  poisoning  seldom  occurs. 
In  lead  smelting  until  recent  years,  lead  poisoning  was  quite  prevalent, 
bat  it  has  been  largely  avoided  by  the  use  of  suitable  dust  and  fume 
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coUectii^  devices  and  the  doing  by  mechanical  means  of  what  waa  there- 
tofore done  by  hand.  In  the  handhng  of  metalUc  lead  in  the  sohd  state 
very  tittle  dust  is  formed  and  very  little  poisonii^  occurs.  When  lead  is 
melt«d,  however,  it  tends  to  dross,  and  if  agitated  this  dross  may  be  carried 
into  the  air.  In  order  to  prevent  lead  poisoning  from  such  dust  suitable 
ventilating  appliances  should  be  used.  Lead  itself  is  less  volatile  than 
ite  oxides,  but  all  of  these  volatilize  at  so  high  a  temperature  that  it  seems 
improbable  that  lead  in  the  gaseous  or  true  vapor  form  is  ever  the  occa- 
son  of  lead  poisoning. 

Type  setters  have  been  subject  to  lead  poisoning  very  often  due  to 
the  dust  formed  by  the  attrition  of  type.    With  modern  type-setting 
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machines,  however,  this  is  largely  avoided.    Where  the  old  hand  type- 
setting exists  vacuum  systems  of  cleaning  the  trays  should  be  used. 

In  the  manufacturing  of  white  lead  by  the  Dutch  process  lead  poison- 
ing may  occur  in  the  stacks  from  the  dust  that  may  arise  from  the  lead 
in  the  tan  bark  or  the  dust  that  may  arise  in  emptying  corrodii^  pots. 
Modem  methods  of  preventing  this  dust  from  risii^  from  the  white  lead 
have  been  devised  and  by  keeping  the  tan  bark  moist  comparatively 
httle  dust  rifles  from  that  source.  In  all  modern  white  lead  plants  where 
the  white  lead  is  dumped  into  and  received  by  the  mill,  strong  fans  are 
in  operation  to  draw  all  dust  away  frran  the  workmen.  From  this  time 
on  tie  white  lead  is  passed  throi^h  iron-clad,  dust-tight  machinery  until 
it  is  wet  with  water,  after  which  there  is  little  danger  except  in  the  drying 
of  white  lead.  The  danger  from  this  latter  source,  however,  has  been 
avoided  by  enclosing  the  drying  pans  (see  Fig.  179)  and  drawing  the 
white  lead  into  a  space  between  the  pans  to  the  outer  enclosure,  at 
the  bottom  of  which  a  conveyor  runs.     Under  these  conditions  ths 
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workman  ia  Dot  subjected  to  dust  arising  from  the  white  lead  on  the 
dryiag  pans. 

In  the  packing  of  dry  white  lead  there  is  danger  of  lead  poisoning 
unless  a  proper  exhaust  ia  provided  around  the  packing  machines.  In 
the  manufacture  of  oxides  of  lead,  lead  poisoning  may  arise  through  the 
handling  of  the  dry  oxides,  but  this  can  be  largely  avoided  by  having 
the  furnaces  dischaige  directly  into  conveyors  with  proper  ventilating 
appliances  and  proper  hoppers  to  receive  the  furnace  products.  From 
that  time  on  the  danger  is  limited  to  the  packing  of  the  oxides  and  to  such 
repau-  work  as  may  be  needed  from  time  to  time.    In  the  manufacture 


Fio.  180. 

of  salts  of  lead  such  as  acetate  of  lead,  etc.,  very  little  dust  is  occasioned, 
and  if  the  workmen  keep  themselves  reasonably  clean  little  danger  of  lead 
poisoning  should  exist. 

To  prevent  lead  poisoning  as  an  occupational  disease  the  beat  opinions 
seem  to  indicate  that  the  following  requirements  are  reasonable  and 
just:  • 

Eveiy  employer  should  do  all  that  can  be  reasonably  expected  of  him 
to  prevent  lead  poisoning.  Work  rooms  should  be  well  lighted  and 
ventilated.  Rooms  m  which  the  work  is  of  a  dusty  character  shall  be  sepa- 
rated by  partition  walls  from  all  other  work  rooms.  All  floors  shall 
be  of  a  kind  that  will  permit  of  the  easy  removal  of  dust  by  wet  methods  or 
vacuum  cleaning;  such  floors  .shall  be  cleaned  daily.  All  kettles,  etc., 
in  which  the  lead  is  being  melted  shall  be  provided  with  hoods  con- 

^  lluae  requirementa  are  abstracted  from  the  Standard  Bill  of  the  American  Aaso- 
dation  for  I^bor  Legmlation  and  tbe  Pennsylvania  Code  now  under  consideration. 
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nected  with  an  efficient  air  exhaust.  All  receptacles  in  which  lead  com- 
pounds in  the  dry  form  are  being  conveyed  from  place  to  place  shall  be 
fully  equipped  with  an  efficient  air  exhaust  at  the  place  where  they  are 
being  Elled  or  discharged.  All  machinery  handling  lead  products  shall  be 
eflfectively  closed  and  connected  with  an  effective  air  exhaust. 

I^e  collection  of  the  dust  from  such  places  as  require  an  air  exhaiffit 
shall  be  accomplished  by  a  cloth  dust  collector  having  an  area  of  not  lees 
than  one-half  of  a  square  foot  of  cloth  to  every  cubic  foot  of  air  pasauig 
throi^h  it  per  minute,  the  dust  collector  being  placed  in  a  separate  rooca 
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to  which  no  employee  shall  have  access  while  the  works  are  in  operaticm 
except  for  essential  repairs.  Other  equally  efficient  dust  collecting  devices 
may  be  used. 

All  employers  shall  provide  wash  rooms  (see  Fig.  180)  entirely  distinct 
from  work  rooms  and  equipped  with  proper  washing  facilities.  Where 
basins  are  provided  there  shall  be  at  least  one  basin  for  every  five  such 
employees,  and  when  troughs  are  provided  at  least  2  ft.  of  trough  length  for 
every  five  employees.  Employers  shall  provide  nail  brushes  and  soap  and 
at  least  three  clean  towels  per  week  for  each  such  employee.  A  time  allow- 
ance of  not  less  than  ten  minutes  at  the  employer's  expense  shall  be  made 
to  each  such  employee  for  the  use  of  said  wash  room  before  the  lunch  hour 
and  at  the  close  of  the  day.    One  shower  bath  shall  be  provided  fw  everj' 
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five  employees.  The  baths  shall  be  approached  by  wooden  ruDways  with 
movable  floor  gratings  and  h^  supplied  with  controUed  hot  and  cold 
water.  Time  allowance  shall  be  given  of  ten  minutes  at  the  emi^oyer's 
expense  to  each  employee  for  the  use  of  these  shower  baths  at  least  twice 
a  week  at  the  close  of  the  day's  work.  Empl<^i8  shall  keep  a  record  of 
the  use  of  these  baths  by  each  employee. 

Dressing  rooms  separate  from  work  rooms  shall  be  furnished  with 
double  sanitary  lockers,  one  for  work  clothes  and  the  other  for  street 
clothes.  Eatii^  rooms  shall  be  provided  separate  from  work  rooms 
(see  Pig.  181).  No  employee  shall  be  allowed  to  take  any  food  or  drink 
into  any  IMrk  room  or  be  allowed  to  remain  in  the  work  room  during 
the  time  allowed  for  his  meals.  Sanitary  drinking  fountains  shall  be 
provided. 

Employers  shall  provide  at  least  two  pairs  of  overalls  and  two  jumpers 
for  each  employee,  repairing  and  renen'ing  them  when  necessary  and  washing 
them  weekly.  Such  clothing  shall  be  kept  exclusively  for  the  use  of  that 
employee.  At  least  two  effective  respirators  shall  be  provided  and  renewed 
when  necessary  for  each  employee  who  is  engaged  in  any  place  where  lead 
dust  is  produced.  Employees  are  required  to  make  use  of  all  these 
facilities  and  proper  notices  shall  be  placed  around  the  factory  in 
langu^es  legible  to  all  employees  calling  attention  to  the  dangers  of 
lead  poisoning  and  specif>ing  the  above  requirements.  The  contenta 
of  these  notices  shall  be  explained  from  time  to  time  to  those  employees 
so  that  there  can  be  no  doubt  of  employees  having  their  attention  called 
to  them. 

Licensed  physicians  designated  and  paid  by  the  employer  shall  examine 
workers  in  the  manufacture  of  lead  products  at  least  once  a  week  and  reports 
of  these  examinations  shall  be  available  for  the  use  of  state  authorities. 
If  any  employee  should  on  the  examination  of  the  physician  be  found  to  be 
affected  by  lead  poisoning  the  employer  shall  discontinue  the  use  of 
said  employee  jn  any  departments  exposed  to  lead  dust  until  a  written 
permit  has  been  furnished  by  a  licensed  physician.  No  female  of  any 
age  shall  be  permitted  to  handle  dry  lead  compounds.  No  male  employee 
less  than  twenty-one  years  of  age  chall  be  permitted  to  eng^e  in  any 
processes  involving  the  production  of  lead  dust.  The  employment  of  any- 
one using  alcoholic  liquors  should  be  avoided.  The  chewing  of  tobacco 
should  be  avoided  in  the  presence  of  lead  dust. 

Since  and  wherever  the  above  regulations  have  been  fully  complied 
with  serious  lead  poisoning  has  become  practically  eliminated. 
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CHAPTER  XIV 

ZINC  OXIDE 

GEORGE  B.  HECKEL 

Pvbtiiher  Drugg,  OSi  and  Painti,  Philadelphia,  Pa. 

Historical.  Thoi^h  this  material  was  known  as  a  laboratory  product 
in  the  eighteenth  century  and  was,  from  time  to  time,  mentioned  and 
c^ered  as  a  possible  substitute  for  white  lead,  it  was  not  until  towards 
the  middle  of  the  nineteenth  century  that  it  became  commercially  avail- 
able as  a  painting  material.  Its  production  on  a  practical  scale  was  due 
to  the  labors  of  Le  Clure,  a  contracting  painter  and  philanthropist  of  Paris, 
and  his  friend,  Sorel,  an  industrial  chemist,  to  whom  also  is  due  the  inven- 
.tion  of  "  galvanized "  iron.  Le  Claire's  motives  were  philanthropic. 
His  desire  was  to  produce  a  aatlEfactory  white  pigment  to  replace  white 
lead  and  thus  to  eliminate  the  danger  of  lead  poisoning. 

Le  Claire,  being  what  we  should  to-day  style  a  "  socialist,"  was 
eqiecially  concerned  with  the  situation  as  he  found  it  among  his  own 
employees.  To  him  is  generally  accorded  the  honor  of  introducing  Zinc 
Oxide  as  a  pigment,  though  his  larger  fame  comes  from  his  repute  as 
"the  Father  of  Profit-Sharing,"  which  system  be  established  not  only 
in  his  own  shops,  but  also  in  the  Compagnie  de  la  Vi^ille  Montagne, 
to  whom  he  transferred  his  process  for  the  manufacture  of  zinc  oxide. 

His  establishment  secured  a  number  of  painting  contracts  from  the 
Government.  These  he  executed  with  zinc  oxide,  acknowledging  the  fact 
after  attention  had  been  called  to  them  by  their  superior  durability  and 
permuience  of  color. 

The  ultimate  result  of  the  controversy  then  started  was  a  series  of 
Government  restrictions  prescribing  the  substitution  of  the  new  pigment 
.  for  white  lead  in  various  departments.  These  restrictions  have  lapsed 
and  been  revived  from  time  to  time,  but  finally  in  1915  a  law  went  into 
effect  prohibiting  the  manufacture  or  use  of  white  lead  in  France. 

This  law  will  undoubtedly  entail  a  distinct  inconvenience  upon  the 
piunt  consumers  of  France,  since  white  lead  is  a  valuable  and  useful 
pigment,  especially  in  combination  with  zinc  oxide,  and  its  toxic  prop- 
erties are  easily  avoided  by  the  use  of  readily  enforceable  precautions, 
such  as  are  at  present  observed  by  manufacturers  in  the  United  States. 
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It  is  merely  a  question  of  proper  protection  f^funst  dust  and  (^  person:.! 
cleanliness. 

In  the  Le  ClMrerSorel  process  metallic  zinc  or  spelter  is  the  raw 
material  used.  Because  it  was  invented  in  France  it  is  <^mmonly  calle::! 
the  "  Fvgnch  Process  "  and  the  product  "  French  Zinc  "  or  "  French  Zinc 
Oxide  ";  and  because  the  zinc  ores  pass  through  two  manufacturing  stages, 
the  process  is  frequently  styled  the  "  Indirect  Process." 

Another  process  invented  shortly  after  in  America  by  Jones  and  some- 
what modified  by'  Wetherill,  produces  the  oxide  directly  from  zinc  ores. 
From  the  country  of  its  origin  it  is  known  as  the  "  American  Process  " 
and  from  its  character  as  the  "  Direct  Process."  The  products  are  known 
aa  "  American  Process  Zinc  Oxide-"  In  this  process  the  character  of  the 
ore  used  determines  the  nature  of  the  product. 

Saw  Materials.  Any  ore  of  zinc  can  be  used  as  a  raw  material  for  the 
production  of  spelter,  on  the  one  band,  and  thus  indirectly  for  the  pro- 
duction of  French  process  oxides,  or  on  the  other  hand,  for  the  direct 
production  of  American  process  oxides.  The  ores  of  zinc,  in  order  of  their 
economic  importance,  are  as  follows: 

Sphalerite,  or  "  Zinc  blende  " — zmc  sulphide,  ZnS,  sometimes  found 
practically  pure,  but  generally  associated  with  sulphides  of  other  metals. 
The  approximate  compoation  <A  pure  blende  is  zinc  67  per  cent,  sulphur 
33  per  cent. 

Smithsonite,  zinc  carbonate,  ZnCOg.  The  approximate  composition 
is  sine  52  per  cent,  carbon  9.6  per  cent,  oxygen  38.4  percent;  or  zinc  oxide, 
65  per  cent,  carbon  dioxide  35  per  cent. 

Calamine,  hydrous  zinc  silicate,  2ZnO,Si02-HaO,  When  pure  it 
contains  zinc  oxide  67.5,  silica  25,  water  7.5. 

Willemiie,  the  orthositicate,  ZnzSiOi,  »inc  oxide,  73  per  cent,  ^lica, 
27  per  cent. 

ZincUe,  zinc  oxide,  2nO;  approximately  zinc,  S0.30,  oxygen,  19.70. 

Franklinile,  a  combination  of  manganous,  ferrous,  manganic  and 
ferric  oxides  with  zinc  oxide.  The  formula  is  (Fe,Mn,Zn)0,(Fe,Mn)aO3, 
in  which  the  metallic  elements  are  in  variable  proportions.  The  ore  from 
Franklin,  New  Jersey,  averages  about  the  following  analysis:  Fe  42 
per  cent,  Mnl4  per  cent,  Zn  16  per  cent. 

There  are  various  other  zinc  minerals  usually  found  associated  with 
those  above  enumerated  and  utilized  with  them,  but  they  are,  by  them- 
selves, of  little  economic  importance. 

Preliminary  Treatment.  The  treatment  of  the  ore  depends  upon  its 
character  and  its  asacciations.  These  operations,  howevrr,  usually  involve 
sorting,  crushing,  sizing  and  mechanical  separation. 

From  the  point  of  view  of  oxide  manufacture,  the  most  important 
ores  are  those  mined  at  Franklin,  New  Jersey.  This  deposit  is  in  many 
ways  unique.  Its  character  and  geological  significance  are  discussed  at 
length  in  Folio  No.   161  of  the  United  States  Geological  Survey.     It 
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Linly  of  Willemite,  Franklinite  and  Zincite  in  a  gangue  of 
ealcite;  though  associated  with  these  are  found  many  other  sine  bearing 
minerals.  The  ore  is  delivered  on  a  picking  table,  where  the  lai^ier 
pieces  of  waste  are  removed  by  iiand.  The  rewdual  ore  is  deUvered  to 
rock  breakers  and  thence  to  crushers,  by  which  it  is  crushed  to  buckwheat 
aise.  Franklimie  contains  iron  oxides  and  is  strongly  magnetic.  This 
property  ia  utilized  in  its  separation.  The  crushed  ore  is  delivered  on 
a  belt,  by  which  it  is  carried  beneath  the  poles  of  powerful  electro- 
magnets, across  whidi  a  second  belt  moves  at  right  angles  to  the  belt 
carrying  the  ore.  Coming  beneath  the  magnets  the  Franklinite  ia  lifted 
to  the  under  side  of  the  transverse  belt  and  by  it  carried  to  one  side, 
while  the  remtuning  material  passes  forward  to  receiviagi  bins.  The 
Fraoklinite,  being  carried  by  the  upper  belt  out  of  the  magnetic  field,' 
falls  into  s  separate  bin. 

When  blende  is  used  for  the  production  of  oxide  it  undergoes  a  pre- 
liminary "  roasting  "  by  which  the  sulphur  is  driven  off.  As  these  blends 
always  contcun  some  galenite  (lead  sulphide)  the  oxides  produced  from 
tiKxa  or  from  ores  containing  them,  invariably  contain  some  lead  sulphate. 

Fr«ich  Process.  Spelter  or  metaUic  zinc  is  the  raw  material.  Zinc 
is  a  metal  whose  temperature  of  reductioo  is  higher  than  its  boiling  point. 
Hence  when  the  temperature  is  high  enough  to  reduce  thfr  ovide  of  line 
in  the  ore  and  liberate  the  metal,  the  latter  comes  oS  in  a  state  of  vapor. 
This  occurs  at  about  900°  C.  The  production  of  spelter  is,  therefore, 
a  iHocess  of  reduction,  distillation  and  condensation.  It  is  carried  out 
in  retorts  of  special  construction,  the  reduction  and  volatilization  occurring 
in  the  retort  aud  the  condensation  in  a  fire-clay  condenser.  2inc  at  its 
reduction  temperature  combines  vigorously  with  oxygen  to  form  zinc 
oxide,  a  fact  famihar  to  all  students  of  chemistry,  in  connection  with 
blowpipe  determinations.  On  contact  with  air,  zinc  vapor  promptly 
takes  fire  and  bums  with  a  characteristic  green  Same,  to  slue  oxide,  which 
is  yellow  when  hot  and  white  on  cooling. 

In  the  French  Process  metallic  zinc  is  volatilized  in  retorts,  the  issuii^ 
vapOT  is  brought  into  contact  with  aii,  and  the  resultant  oxide  smoke 
carried  through  large  chambers,  in  which  it  settles  and  whence  it  is  removed 
from  time  to  time  and  packed  for  shipment. 

Le  Claire's  process  differs  in  some  details  frcan  Sorel's;  but  they  are 
the  same  in  imnciple.  The  composition  of  the  spelter  used,  the  details 
of  fumacing  and  the  arrangement  of  the  collecting  chambers  determine 
the  character  and  grade  of  product. 

French  process  oxides  of  American  manufacture  are  knqwn  as  "  Florence 
Zinc."  The  Ijest  known  of  the  foreign  products  are  the  Vielle  Montagne 
oxides,  produced  by  the  compai^  originally  operating  under  the  Le 
Clure  patents. 

French  ptoceea  oxide  is  sold  in  three  grades,  designated  respectively 
as  "  White  Sad."  "  Green  Seal "  and  "  Red  Seal." 
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Whiie  Seal.  This  grade  is  characterized  by  brilliant  whiteness,  great 
volume  and  extreme  fineness.  It  is  packed  150  pounds  to  the  barrel,  aa 
compared  with  300  pounds  of  other  oxides. 

Green  Seal.  Kqual  in  brilliancy  of  color  to  "  White  Seal "  but  less 
voluminous. 

Bed  Seal.  The  cheapest  of  the  three  grades,  and  neither  so  briUiantly 
white  nor  so  impalpably  smooth  in  texture  as  the  others. 

American  Process.  In  this  process,  as  already  indicated,  the  raw 
materials  are  the  ores  of  zinc.  The  crushed  ore  is  intimately  mixed  witii 
fine  anthracite  and  charged  in  special  furnaces  upon  perforated  grate 
bars.  These  furnaces  are  built  on  the  plan  of  a  fire  box  and  are  provided 
with  an  undei>grate  blast.  The  furnace  chamber  is  closed  during  opera- 
'tioa  and  is  opened  only  during  the  process  of  charging.  These  furnaces 
are  placed  back  to  back  in  "  blocks,"  and  each  block  discharges  the  prod- 
ucts of  combustion  and  the  oxide  fume  into  sheet  iron  flues  which  convey 
them  into  the  collectii^  syst^n.  While  charging  and  dischai^ng,  a 
damper  over  the  furnace  is  kept  closed  to  prevent  contamination  of  the 
oxide  in  the  collecting  system.  '  The  furnace  gases  are  drawn  through  the 
flues  by  a  suction  fan  placed  in  the  line  between  the  furnaces  and  the 
oolleoting  system,  the  fan  serving  also  to  deliver  the  gasee  and  fume 
into  the  latter.  The  oxide  together  with  the  gases  from  the  fumaoe, 
in  their  passage  to  the  collecting  system  are  thoroughly  cooled,  a  suffi- 
cient length  of  flue  being  provided  for  that  purpose. 

The  collectii^  system  conaistfi  of  a  series  of  b^s  suspended  vertically 
from  a  system  of  horizontal  pipes,  which  are  connected  to  the  flue  already 
referred  to.  Their  mesh  is  such  that  it  readily  permits  the  escape  of  the 
gases,  but  retains  the  oxide.  From  these  bags  the  latter  is  removed  from 
time  to  time,  properly  graded,  bolted  through  silk  bolting  cloth,  and  packed 
by  machinery  into  barrets  containing  300  pounds  of  the  oxide. 

For  the  production  of  leaded  zincs  by  this  process,  mixed  ores  are 
ttnployed;  sphalerite  and  oxidized  ores,  including  both  carbonates  and 
nlicatee.  As  already  stated,  sphalerite,  when  used  for  oxide  manufacture, 
is  treated  to  a  preliminary  roasting,  which  removes  the  sulphur  in  the  form 
of  the  dioxide,  the  residue  b^ng  zinc  oxide.  The  method  of  operation 
from  this  point  forward  is  as  already  described.  These  ores  invariably- 
contain  more  or  less  lead,  which  appears  in  the  product  as  basic  lead 
sulphate.  These  leaded  oxides  are  graded  according  to  color  and  con- 
tent of  lead  sulphate.  The  purest  of  them  contain  leas  than  5  per 
cent,  the  most  highly  "  leaded  "  as  much  aa  30  per  cent  of  that  com- 
pound. 

American  Process  Zinc  Oxides,  as  produced  by  the  New  Jersey  Zinc 
Company,  are  classified  according  to  physical  characteristics,  as  fol- 
lows: 

Sdeeted.  So  called  because  made  from  selected  ore  and  characterized 
by  superior  color,  smoothness,  and  uniformity. 
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XX.  Not  quite  so  uaiform '  in  color,  nor  general!?  bo  fine  and 
smooth  in  texture,  as  the  selected. 

Sjjeaal:  Kemarkable  for  its  freedom  from  lead — under  0.1  per  cent 
PbO.  Especially  intended  for  use  in  compounding  white  rubber.  Can 
be  used  in  any  mixture  without  chiu^png  color.  Very  smooth  and  free 
from  mechanical  impurities. 

The  American  Ziac,  Lead  and  Smelting  Co.  also  produces  a  lead 
free  American  proceee  zinc  oxide  which  is  designated  as  American  AAA. 

Chemistiy  InTolved  in  the  Process.  The  chemistry  involved  in  the 
conversion  of  zinc  vapor  into  its  oxide  is,  theoretically,  very  simple,  the 
reaction  being  expressed  by  the  formula  Zn+0  =  ZnO.  That  involved 
in  the  production  of  the  metallic  vapor  from  ita  ore  is  more  complex. 
When  the  ore  is  a  "  blende  "  (zinc  siflphide)  the  first  product  of  oxidation 
ia  sulphurous  anhydride,  SOz,  the  residual  product  being  zinc  oxide  ZnO, 
according  to  the  formula,  ZnS+30  =  ZnO+S02.  In  some  cases  the 
sulphur  dioxide  is  allowed  to  escape  into  the  air;  in  others  it  is  further 
oxidized  to  SO3,  the  production  of  sulphuric  acid  thus  becoming  a  sub- 
udiarv  branch  of  the  industry.  With  this  ore,  then,  the  process  of  manu- 
facturing the  oxide  really  starts  with  zinc  oxide  as  the  raw  material.  It 
will  be  seen,  in  considerii^  the  remaining  ores,  that  this  is  always  the 
case. 

When  carbonate  ores  (Smtthaonite)  are  utilized,  carbon  dioxide  is  driven 
off  and  goes  forward  with  the  furnace  gases,  leavii^  zinc  oxide  as  a  residue, 
according  to  the  simple  equation  ZnCO»  =  ZnO+COs.  Here  again  we 
have  zinc  oxide  as  the  real  raw  material  in  the  oxide  furnace. 

With  the  silicates  the  silica  takes  no  put  In  the  reaction,  remaining 
behind  as  a  furnace  residue.  Since  the  structual  formula  for  Willemile  ia 
2ZnO.Si02  and  the  corresponding  formula  for  Calaviin  2ZnO.SiO2.H2O, 
and  since,  in  the  latter,  the  water  and  the  silica  are  excluded  from  the 
reaction,  here  once  more  we  have  ZnO  as  the  raw  material  of  the  process. 
With  zincite,  which  is  itself  zinc  oxide,  and  with  Frankhnite,  in  which 
the  zinc  is  present  as  oxide,  the  same  fact  is,  of  course,  obvious.  It  will 
be  seen,  therefore,  that  the  production  of  zinc  oxide  always  involves 
fiiBt  the  reduction  of  the  oxide,  ZnO,  to  metallic  zinc,  and  secondly,  the 
re-oxidation  of  this  product  to  ZnO.  As  already  stated,  the  sulphur 
dioxide  from  sphalerite  is  sometimes  utiUzed  as  a  by-product  in  the 
manufacture  of  sulphuric  acid. 

The  residue  after  the  removal  of  the  zinc  from  Franklinite  contains 
iron  and  manganese.  This  residue  is  further  treated  in  blast  furnaces 
to  produce  spiegel-eisen.  This  product  runs  from  19  to  21  per  cent 
manganese,  from  1  to  2  per  cent  silicon  and  under  .08  per  cent  phosphorus. 
In  the  Bessemer  process  it  is  used  as  a  recarburizer  and  for  the  intro- 
duction of  manganese,  as  well  as  for  special  purjKises  in  the  op^i-hearth 
a  and  in  foundry  practice. 
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While  the  chemical  reactions  involved  in  tiie  pnMluctl<m  fA  zinc  osdde 
from  its  ores  are  simple  and  few,  the  physical  chemistry  of  the  oxide 
furnace  is,  on  the  other  hand,  a  somewhat  comply  problem,  and  a  oorrect 
mideretandii^  of  it  has  a  considerable  bearing  on  the  successful  conduct 
of  the  process.  The  zinc  being  Uberated  in  the  form  of  vapor  and  com- 
bining with  the  oxygen  white  in  this  form,  it  follows  that  the  oxide,  when 
first  formed  is  in  a  state  of  molecular  division.  The  molecules  of  ZnO 
no  doubt  cohere  more  or  less,  into  particles,  as  the  oxide  fume  passes 
al<Hig  the  Hues  to  the  ba^-room,  and  these  i)articie8  in  turn  adhere  a^dn 
to  form  aggr^ates.  The  particles  are,  however,  excessively  minute 
and  the  aggregates  are  so  loosely  held  t<^ther  that  they  break  down 
readily  in  the  punt  mill  or  the  rubber  compounding  rolls.  The  volume 
of  zinc  oxide  in  comparison  with  its  mass  is  remarkable.  A  bwrel  of  the 
White  Seal  French  Process  oxide  weighs  150  pounds,  while  the  same 
volume  of  the  solid  oxide,  zincite,  would  weigh  about  2000  pounds.  The 
extremely  fine  state  of  sub-divisicm  of  the  zinc  (Side  together  with  ita 
chemical  stability  under  the  ordinary  conditions  of  fq>plication  fonn 
the  basis  ot  the  valuable  properties  of  this  material. 

Zinc  oxide,  hke  o^er  metallic  oxides,  unites  with  oil  acids,  and  more 
freely  with  resin  acids,  to  form  metallic  soe^m.  This  fact  indicates  to 
the  paint  manufacturer,  not  only  for  th|s  oxide,  but  for  all  oxide  pigments, 
the  wisdom  of  selecting  for  his  use,  oils  havii^  low  add  vahies  and  of 
resins  properly  and  completely  neutralized. 

Allplicatim.  By  far  the  most  important  uIk  of  zinc  oxide  is  in  the 
manufacture  of  house  paints  and  of  enamels.  For  these  purposes,  its 
color,  its  high-tintii^  value  and  its  great  permanence,  as  well  as  its 
extreme  fineness,  admirably  adapt  it.  It  is  the  whitest  of  all  avulable 
pigments  and  of  all  white  pigments  require  the  lat^est  percentage  of  oil 
to  fit  it  for  use.  In  all  the  standard  prepared  paints  it  is  largely  used  in 
percentages  ranging  from  as  low  as  25  per  cent  to  as  high  as  7S  per  cent, 
the  proportion  depending  partly  upon  the  individual  preference  or 
experience  of  the  manufacturer,  and  partly  upon  the  nature  of  the  othw 
pigments   in   the   formula. 

This  adversity  of  practice'is  well  illustrated  in  the  following  fonnulas, 
selected  at  random  from  the  published  analyses  of  typical  prepared  paints 
now   in  the   market: 

FttCtat 

1.  Pigment.     Zinc  oxide 60 

Basic  carbonate  white  lead      40 

Vehicle.     Linseed  oil ...  .    88 

Dryer 11 

2.  PiQUENT.     Zinc  oxide 45 

Basic  carbonate  white  lead 27 

Basic  sulphate  white  lead 12 

Asbestine 16 
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Vehicle.     Linseed  oil 88 

Turpentine  dryer 12 

3.  PiGMEajT.    Zinc  oxide 42 

Basic  sulphate  white  lead  41 

Calcium  carbonate       6 

Silica 12 

Vehicle.     Linseed  oil .93 

Turpentine  dryer   7 

4.  PioMENT.     Zinc  oxide 37 

Basic  carbonate  white  lead 60     ■ 

Calcium  carbonate 3 

Vehicle.     Linseed  oil   91 

Turpentine  dryer 8 

Water.  1 

5.  Pigment.     Zinc  oxide T 43 

Basic  sulphate  white  lead   37 

Barium  sulphate '. 20 

Vehicle.     Linseed  oil   82 

Liquid  dryer 17 

Water.  1 

6.  FiGMsa^T.     Zinc  oxide 57 

Basic  carbonate  white  lead 43 

Vehicle.     Linseed  oil 96 

Turpentine  dryer 4 

7.  Pigment.     Zinc  oxide 70 

Basic  carbonate  white  lead 30 

Vehicle.     Linseed  oil     90 

Turpentine  dryer ,  .  10 

8.  PkjMent.     Zinc  oxide 25 

Basic  carbonate  white  lead 40 

Basic  sulphate  white  lead ....    20 

Calcium  carbonate 5 

Barium  sulpahte 10 

Vehicle,     Linseed  oil             90 

Turpentine  dryer     10 

A  long  favored  formula  for  a  white  tinting  base  contained  one-third 
part  of  each  of  zinc  oxide,  basic  carbonate  white  lead  and  barium  sulphate. 
Another,  whicti  enjoyed  for  many  years  a  high  repute,  was  composed  of 
60  per  cent  zinc  oxide  and  40  per  cent  barium  carbonate.  Immigrant 
painters  from  Sweden  and  Norway  have  frequently  stated  that  the 
Bttmdard  outside  white  paint  used  in.thoso  countries  is  composed  of  zinc 
oxide  and  caichim  carbonate  in  the  proportion  of  90  per  cent  and  10  per 
cent  respectivflly. 

A  paint  conusting  of  zinc  oxide  and  linseed  oil  only  dries  with  a  hard 
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Biuootb  surface.  This  fact  has  certain  important  advantages.  The 
disadvantage  is  that  wbes,  in  the  course  of  years,  the  oil  bectanes  dry 
and  decomposed  (as  happens  sooner  or  later  with  all  paints)  the  pfunt 
ooat  cracks  and  peels  oS  in  patches.  This  makes  it  impos^ble  to  do 
a  good  job  of  repainting  unless  the  old  paint  is  burnt  off  or  otherwise 
removed.  White  lead  does  not  do  this.  When  a  white  lead  p^t  coat 
fails,  it  does  so  by  crumbling  to  powder,  or  as  painters  say,  "  chalking." 
The  surface  of  a  chalking  paint  gives  an  even  surface  for  repaintii^. 

In  a  paint  composed  of  einc  oxide  and  white  lead,  the  advantages 
proper  to  each  pigment  are  found.  The  sine  imparte  whitenes,  dura- 
bility and  permanence  of  color,  the  white  lead  enables  the  painter  to 
get  a  good  covering  layer  of  paint  with  each  coat  applied  and  also  insures 
a  good  surface  for  reftainting,  when  in  the  course  of  time,  the  paint 
has  perished. 

Zinc  oxide  kas  an  additional  quality  which  is  important.  If  two  boards 
be  painted,  one  with  white  lead  and  the  other  with  zinc  oxide,  and  exposed 
to  a  dusty  atmosphere,  the  white  lead  board  will  accumulate  dust  mudi 
faster  than  the  zinc  oxide  board.  The  smooth  even  surface-  of  the  latter 
makes  it  very  difficult  for  the  particles  of  dust  to  adhere,  whilst  the  com- 
paratively rough  surface  of  the  latter  holds  them.  This  is  well  shown 
when  a  wet  sponge  is  passed  over  the  board.  The  zinc  board  wUl  show 
up  white  and  clean,  while  the  lead  board  will  remain  dirty. 

A  board  painted  with  a  mixed  paint  containing  both  zinc  and  lead, 
behaves,  in  this  respect,  like  a  board  painted  with  straight  zinc  oxide. 
The  latter,  owing  to  its  fine  state  of  division,  enters  the  glossy  surface 
which  the  oil  forms  over  the  pwnt  and  imparts  to  the  coating  the  same 
dirt-resistmg  (incidentally  also  the  same  moisture-repelling)  power  that  a 
straight  zinc  oxide  paint  possesses. 

The  effect  of  this  property  on  the  protective  value  of  the  p^t  is 
obvious. 

Zinc  oxide  is  absolutely  permanent  in  color,  and  in  mixtures  with 
lead  retards  or  entirely  prevents  the  discoloration  of  the  latter  by 
hydrogen  sulphide. 

For  interior  decorative  paints  zinc  oxide  is  generally  used  in  much 
higher  percentages  than  in  exterior  paints,  and  not  infrequently  as  a 
pure  pigment.  In  flat  wall  paints  it  is  combined  with  Uthopone,  both 
because  of  its  pure  color  and  because  of  its  efficacy  in  TninimigiTig  the 
effect  of  light  upon  that  pigment. 

The  higher  grades  of  enamels  contain  no  white  pigment  beddes  linc 
oiude,  the  latter  being  usually  a  French  process  oxide. 

The  only  precaution  necessary  to  observe  in  the  use  of  zinc  (ndde  as 
a  pigment  is  to  keep  the  material  dry  and  thus  avoid  its  coheroice  into 
aggregates;  to  see  that  all  resins  entering  into  the  formida  with  it  are 
properly  and  completely  neutralized;  and  to  keep  the  Bsill  as  cool  as 
practieal  durii^  the  grinding  or  mixing  procees. 
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The  standard  oxide  of  the  paint  manufacturers  is  tbe  "  XX  "  Black 
Brand,  except  for  delicate  tints,  where  the  "  Selected  "  is  preferred.  For 
the  latter  use,  some  manufacturers  utilize  a  blend  of  "  Selected  "  with 
"  Red  Seal  "  French  Process  Oxide. 

For  the  manufacture  of  enamels  the  French  Process  oxides  are  pre- 
ferred, especially  the  "  White  Seal "  and  the  "  Green  Seal,"  the  first- 
named  yieldii^  a  somewhat  smoother  compound  and  requiring  a  smaller 
percentage  of  pigment  to  produce  the  same  effect. 

Zinc  oxide  is  also  lai^ely  used  in  the  compounding  of  rubbers  and 
special  grades  of  oxide  are  manufactured  for  this  industry. 

In  pharmaceutical  preparations,  toilet  accessories,  etc.,  the  White 
and  Green  Seal  French  Process  Oxides  &nd  rather  extensive  application. 

Another  important  use  is  in  linoleum  and  oil  cloth  manufacture,  for 
which  "  Red  Seal "  French  Process  and  "  Selected  "  American  process 
oxides  are  most  in  demand. 

In  the  manufacture  of  printing  inks,  the  French  Process  Oxides  are 
the  preferred  material,  as  also  in  the  manufacture  of  celluloid,  white 
glue,  white  lead  dressings,  etc.,  where  the  "  White  "  and  "  Green  Seal  " 
grades  of  this  process  are  best  adapted. 

In  the  manufacture  of  paints  the  leaded  oxides  are  used  in  the  same 
way  and  for  the  same  purpose  as  the  New  Jersey  oxides. 

The  production  of  zinc  oxide  in  the  United  States  has  mcrcased  from 
about  23,000  tons  in  1890  to  over  100,000  tons  in  1917. 

Consumption  in  the  manufacture  of  paint  and  the  painting  industry 
has  increased  steadily  from  year  to  year,  while,  owing  to  thj  demands  of 
the  automobile  industry,  its  use  in  the  manufacture  of  rubber  has  shown  a 
remarkable  development  within  the  past  few  years.  0 

Leaded  Zincs.  A  curious  development,  amounting  to  a  revolution  m 
the  paint  industry,  has  occurred  during  the  period  intervening  between  the 
publication  of  this  chapter  in  its  original  form  and  the  present  revision. 
This  revolution  is  direct^  due  to  the  phenomenal  growth  of  the  rubber 
tire  induBtiy,  dependent  upon  the  steady  increase  in  the  use  of  automobiles. 

Zinc  oxide,  after  rubber  and  sulphur,  is  the  most  important  ingredient 
of  a  high-^rade  rubber  tire,  representing  a  very  considerable  pereentage 
of  its  total  weight.  For  this  use  only  tbe  practically  Jeadiess  oxides  are 
satisfactory.  As  a  consequence,  there  is  an  insistent  demand  from  this 
industry  for  increased  quantities  of  this  class  of  oxides. 

As  pigments,  on  the  other  hand,  the  leaded  oxides,  for  most  purposes, 
are  equally  satisfactory  and  in  some  respect  superior  to  the  pure  oxides. 
Consequently,  notwithstanding  the  temporary  inconvenience  entailed  by 
change  in  formulas,  leaded  oxides  are  rapidly  and  inevitably  replacing  the 
mileaded  oxides  in  paint  manufacture. 

The  several  brands  and  grades  of  these  so-called  "  leaded  zincs  "  as 
produced  by  the  New  Jersey  Zinc  Company,  are  as  follows: 

Standard,  containing  under  5  per  pent  basic  lead  sulphate. 
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Sterling  avera^ng  10  per  cent  baeic  lead  sulphate,  witb  a  h^h  limit  of 
about  13  per  cent. 

Superior  averaging  about  20  per  cent,  with  high  and  low  limite  closely 
approximating  18  and  23  per  cent. 

Lehigh,  basic  lead  sulphate  content  closely  approximating  35  per 
cent. 

This  iastrnamed  grade  was  developed  to  meet  the  demand  of  paint 
manufacturers  for  a  high  lead  content.  Its  specific  gravity  is  high  in 
comparison  with  that  of  other  oxides,  about  5.9,  as  a^nst  about  5.7 
for  XX  American,  French  process  grades  and  Standard  and  Sterling  leaded, 
and  5.8  for  Superior  leaded.  This  difference  due  to  the  lead  content  is 
also  shown  by  the  weight  packed  in  the  standard  barrel,  400  lbs.  for 
Superior  and  Lehigh,  350  lbs,  for  Sterling,  as  against  300  lbs.  for  other 
American  process  oxides. 

The  lead  content  of  these  oxides,  as  already  indicated,  is  present  in 
the  form  of  the  basic  sulphate  (PbsSaOo  =  2PbS04,  PbO),  though  leaded 
oxides  may  be  produced  having  practically  the  entire  lead  content  in  the 
form  of  the  normal  sulphate  {PbS04).  Such  oxides  are  believed  to  be 
inferior  in  pigment  quality. 

In  the  manufacturing  procedure  these  leaded  oxides  are  usually 
ground  with  linseed  oil  to  a  paste  having  a  thinner  consistency  than  that  of 
ordinary  "  white  lead  in  oil,"  and  this  paste  is  used  as  a  "  base  "  for  the 
manufacture  of  prepared  paints. 

The  Lihigh  grade,  for  example,  when  ground  with  14  per  cent  its 
weight  of  oil,  yields  a  paste  paint  of  "  lead  in  oil  "  consistency,  suitable  for 
use  by  painters  following  the  usual  routine  procedure.  Such  a  paste  is 
admirable  for  admixture  with  ordinary  white  lead,  the  resultant  paint 

"  '"0  The  figures  to  the  left  indicate 

^  g,         the  percentages  of  Leaded  Zinc  and 

5  w         those  to  the  right  of  Subhmed  Lead 

^  o         requirtd   to  produce  the  i^uired 

^  jj         percentages    of   ZnO  and    PbSOt 

•a  S         indicated    at  the   bottom  of  the 

■§  — I         chart.     The    four    diagonal    lines 

S  "5         represent    the    several    grades   of 

(/>  oxide.     To   find   any  desired   per- 

g  c  centages  shown  in  the  bottom  rows 

g  y  of  figures,  using  any  of  the  oxides 

^  ^         shown,  follow  the  perpendicular  line 

to  ita  intcresctiou  with  the  proper 
diagonal;  the  required  percentages 
of  that  oxide  and  sublimed  lead 
will  then  be  found  on  the  horizontal 
line  to  the  left  and  right  reapetively.  E.g.,  Desired  percentages  50  each,  using  a 
35  per  cent  Leaded  Oxide.  The  50-30  perpendicular  intersects  the  35  per  cent  diag- 
onal at  the  horizontal  line  which  indicates  at  the  left,  76  per  cent  Leaded  Zinc,  and 
at  the  right,  24  per  cent  Sublimed  ^liite  Lead.  The  desired  percentages  will,  there- 
fore, be  obtained  by  using  76  lbs.  of  the  former  to  24  lbs.  of  the  latter. 
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being  virtually  a  three-pigment  combination  of  bade  carbonate,  white 
lead,  basic  sulphate  white  lead  and  zinc  oxide. 

Th6  paste  used  as  a  base  for  prepared  paints  is  made  by  grinding 
about  100  lbs.  of  the  oxide  with  22  lbs.  of  oil.  Such  a  base  may  be  reduced 
to  working  consistency  by  somewhat  leas  than  50  per  cent  by  weight  of 
additional  oil,  volatile  thinners  and  dyers. 

Rosin  in  any  form  is  not  to  be  recommended  as  a  component  of  zinc 
oxide  paints,  but  if  present  it  should  be  completely  neutraUzed.  Oils  low 
in  acid  number  are  preferable  for  grinding,  and  it  is  regarded  as  good 
practice  to  use  about  10  per  cent  of  turpentine  in  the  vehicle. 

In  practice  it  is  often  desirable  to  make  definite  percentage  com- 
binations (A  leaded  oxides  with  basic  sulphate  (sublimed)  white  lead. 
This  latter  product,  as  marketed,  contains  approximately  5  per  cent  of 
sine  oxide  and  the  computation  of  formulas,  using  the  leaded  oxide,  is  a 
somewhat  involved  process.  The  chart  on  page  390  gives  the  required 
information  at  a  glance. 
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CHAPTER  XV 

PIGMENTS  AND  PAINT  0II5 

MAXIMIUAN  TOCH 

Paint,  Vamitk,  and  Dry  Color  Manvfactarer,  New  Yorii  City 

Definitions.  Paint  consists  of  finely  ground  p^ents  mixed  with 
Buitable  mediums  and  sufficient  driers.  Paint  is  used  for  decorative  or 
protective  purposes,  and  in  most  instances  serves  both  ends.  Enamels 
formerly  embraced  tbat  class  of  paints  composed  of  pigments  ground  in 
varnish  which  dried  with  a  high  gloss.  Some  objections  were  raised  to 
this  high  gloss  by  consumers,  who  also  demanded  a  semi-^osa  finish 
and  a  flat  or  matte  finish.  A  so-called  "flat"  enamel  is  really  a  misnomer, 
for  the  very  word  "enamel"  indicates  gloss.  Dri^s  are  materials  added 
to  pamts  or  enamels  to  make  them  diy  properly.  Their  action  is  the 
same  as  that  of  a  catalytic  f^nt. 

Historical.  Painting  as  a  decorative  art  can  be  traced  back  to  very 
ancient  times.  We  find  that  aborigines  the  world  over  decorated  thdr 
persons  with  native  earth  colors.  Some  exhibited  great  skill  in  their  use 
of  the  pigments,  as  is  evidenced  in  the  ruins  of  the  temples  of  Luxor  and 
Kamak  in  Egypt,  whea^  there  are  still  decorative  paintings  (o  be  found  on 
the  walls  and  on  the  pillars  which  are  more  than  three  thousand  years  old. 

For  decorative  and  preservative  effect  we  find  more  evidence  of  the 
*  early  use  of  paint  in  En^and  than  we  do  in  any  other  country.  There 
are  items  of  expeKe  in  the  reign  of  Edward  I  showing  the  use  of  paint 
about  the  royal  buildings  as  early  as  the  year  1274. 

Up  to  the  latter  part  of  the  fourteenth  century  oil  painting  for  aitistio 
purposes  was  not  an  exact  art  but  was  carried  on  more  in  the  nature 
of  experimentation.  To  Hubert  and  Jan  Van  Eyck,  two  Dutchmen, 
belong  the  credit  of  first  having  made  public  their  manner  of  oil  painting 
by  means  of  pigments  ground  as  near  as  we  know  in  linseed  oil.  About 
1400  the  practice  of  oil  painting  had  become  thorouf^ly  established, 
which  can  be  attributed  undoubtedly  to  the  research  and  investigatitMi 
of  the  Van  Eycks.  It  ia  a  fact  worthy  of  mention  that  there  is  one 
punting  in  the  National  Art  Gallery  in  the  City  of  IxMtdon  by  one  of  the 
brothers  Van  Eyck  which  is  in  as  perfect  a  state  iA  preservation  as  if 
it  had  been  painted  yesterday. 

Application,  Protective  paint,  by  which  is  meant  paint  used  for  the 
pmpose  oi  protecting  the  surface  to  which  it  is  applied,  is  relatively  new, 
and  it  has  only  been  within  recent  years  that  its  value  has  been  uni- 
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versally  recognized.  In  Europe  building  construction  is  ot  such  a  char- 
acter and  is  to  a  certain  extent  lari^ly  bo  to-day  that  paint  is  not  generally 
used  on  the  exterior  of  dwellings.  Only  in  a  pioneer  country  like  America, 
where  domiciles  were  made  of  wood,  was  it  found  necessary  to  ap[Jy  an 
exterior  coatit^  to  preserve  the  wood.  Of  course,  time  has  wroi^ht 
great  changes  in  the  character  of  homes  in  America  as  compared  to  the 
olden  days.  E^ngineering  construction  in  all  iia  phases,  skyscrapers, 
bridges,  tanks,  etc.,  would  last  but  a  short  time  if  it  were  not  for  the 
protection  afforded  by  paint.  In  1912  it  was  estimated  that  about  one 
hundred  milhon  gallons  of  ready  mixed  paint  were  consumed  in  the  United 
States,  the  general  practice  in  this  country  being  to  purchase  manu- 
factured paints,  for  it  is  obvious  that  the  paint  manufacturer  with  his 
superior  scientific  knowledge  and  especially  equipped  factory  with  modem 
machinery  can  turn  out  paint  far  superior  in  quality  to  that  made  by 
hand  by  a  painter  who  follows  more  or  less  empirical  formulas. 

Occafflonally  we  hear  a  complaint  made  that  the  pigments  manufactured 
nowadays  are  not  as  good  as  those  that  were  made  in  former  years  and 
the  poverty  of  the  later  day  pigments  is  the  cause  of  the  early  decay  of 
many  of  our  painting.  A  beUef  of  this  kind  is  unfounded  and  needs 
correction,  for  the  art  of  manufacturing  colors  has  never  reached  a  higher 
plane  than  it  has  at  the  present  day.  To  the  ignorance  of  the  painters 
themselves  and  to  the  greed  of  some  paint  makers  who  adulterate  and 
cheapen  colors  at  the  expense  of  permanency  we  should  attribute  the 
fi^tiveness  of  our  paintings.  As  nearly  as  can  be  determined,  there 
existed  between  the  twelfth  and  seventeenth  centuries  at  most  nine  or 
ten  pigments.  To-day  we  have  two  hundred  and  fifteen  or  more,  two 
hundred  of  which  ought  never  to  be  used  for  permanent  artistic  paintmg. 

When  we  see  a  pamter  with  a  pot  of  paint  and  a  brush  painting  a 
wooden,  brick,  concrete  or  steel  structure  we  imagine  without  further 
thou^t  that  that  is  the  use  to  which  most  paints  axe  put.  As  a  matter 
of  fact,  paints  and  colors  are  also  used  in  enormous  quantities  m  the 
arts  and  sciences  for  other  than  decorative  or  protective  purposes.  A 
casual  example  showing  the  extent  to  which  pigments  are  used  in  lines 
other  than  paint  will  be  found  in  the  list  of  purchases  of  the  United 
States  Bureau  of  Engravii^  and  Printing,  Washington,  D.  C,  for  the  year 
1910,  when  contracts  were  let  for  an  annual  consumption  of  1,599,900 
pounds  of  pigments,  made  up  as  follows: 

White 802,200 

Black 297,500 

Blue 52,000 

Green 180,000 

Red 68,200 

YeUow 200,000 
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These  pigmenta  are  identical  in  every  respect  with  those  used  for  general 
painting,  and  yet  all  these  pigments  were  used  for  the  purpose  of  printing 
the  currency  and  the  postage  stamps  of  this  Government. 

The  printing-ink  industry  in  the  United  States  consumes  enonnouB 
amounts  of  paint  materials.  In  some  instances  the  material  is  ground  in 
a  varnish  made  <A  linseed  oil,  but  for  book  and  newspaper  iaS  linseed  <h1 
is  not  used  but  resinous  mediums  which  act  as  a  binding  material  for  the 
pigment. 

The  linoleum  and  oil  cloth  industries  are  also  enormous  users  of  paint 
in  the  strict  sense  of  the  word,  and  while  it  ia  true  that  the  mixtures 
which  they  make  differ  from  the  house  painter's  mixtures  the  principle 
involved  is  identically  the  same  as  that  covering  ordinary  paint. 

The  shoe  and  leather  industries  are  users  of  paint  materials  in  large 
quantities  for  making  patent  and  harness  leather,  and  so  is  the  wall  paper 
industry,  the  window  shade  industry,  the  rubber  industry  and  the  cement 
industry — all  using  for  their  color  effects  the  same  pigments  that  are  uaed 
(or  ordinary  paintii^. 

Strictly  speaking,  paint  which  is  used  on  brick,  concrete,  at«el  or 
wood  is  an  engineering  material  and  serves  a  purpose  which  ia  far  tnors 
valuable  than  we  imagine  offhand. 

A  general  description  of  the  materials  entering  into  the  (Kdinaiy 
general  mtmufacture  of  paint  follows. 

PIGMENTS 
White  Pighekts 

White  Lead.  White  lead  is  the  oldest  of  all  white  pigments  and 
will  be  found  described  as  far  back  as  400  B.C.  by  Pliny.  White  lead  was 
made  from  the  mineral  Cemsite,  which  is  a  native  carbonate  of  lead, 
but  about  400  years  ago  the  Dutch  found  that  when  pig  lead  was  sub- 
mitted to  the  action  of  carbonic  gas  from  rotted  tan  bark  and  manure 
in  the  presence  of  vinegar  the  basic  acid  salt  which  was  first  formed  was 
slowly  converted  into  a  hydrated  carbonate  of  load.  This  same  method 
IS  used  to  this  day,  but  newer  methods  are  also  used  such  as  the  pre- 
cipitation of  hydrated  carbonate  of  lead  from  a  solution  of  lead  by  means 
of  carbon  dioxide.  White  lead  makes  an  excellent  paint,  particularly 
when  added  to  other  materials  such  as  inert  fillers  and  other  pigments. 
White  lead  is  aifccted  by  sulphur  gases,  as  the  lead  sulphide  formed 
is  of  a  dark  brownish  color.  For  this  reason  white  lead  paint  should  not 
be  used  around  stables,  out-houses,  etc.  White  lead  paint  gives  a  rather 
soft  film,  and  a  zinc  oxide  paint  a  hard  iikn,  so  that  a  happy  medium  is 
struck  when  a  paint  is  made  containing  a  mixture  of  white  lead  and  zinc 
oxide  as  the  pigment. 

Lead  Sulphate.  Lead  sulphate  has  very  little  value  as  a  paint  material 
owing  to  the  fact  that  sublimed  white  lead  supersedes  it. 
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Sublimed  White  Lead.  Sublimed  white  lead  ie  a  futnace  product 
made  from  the  Bublimation  at  a  very  high  temperature  of  Galena.  It 
is  an  amorphous  white  pigment,  very  uniform  aud  fine  in  grain.  Within 
the  past  decade  it  has  come  into  great  prominence  among  paint  makers, 
it  now  bemg  regarded  as  a  stable,  uniform  and  valuable  paint  pigment. 
When  mixed  with  other  pigments,  such  as  zinc  oxide,  carbonate  of  lead 
and  the  proper  reducing  materials  added,  such  as  silica,  clay,  barium 
sulphate,  etc.,  it  produces  an  excellent  paint  whose  weanng  qualities 
at  the  seashore  are  superior  to  that  of  carbonate  of  lead.  The  composi 
tioa  of  sublimed  white  lead  might  be  stated  as  being  75  per  cent  lead 
sulphate,  20  per  cent  lead  oxide  and  5  per  cent  zinc  oxide,  although  each 
of  these  figures  will  vary  slightly  either  way.  It  has  been  stated  that 
sublimed  lead  is  not  as  susceptible  to  sulphur  gases  as  white  lead,  but 
while  it  may  take  hydrt^n  sulphide  a  longer  time  to  discolor  it,  it  is 
simply  a  question  of  degree  and  it  is  acted  upon  by  sulphur  gases,  although 
not  as  quickly  as  white  lead. 

Standard  Zinc  Lead  White.  This  material  contains  approximately 
60  per  cent  of  lead  sulphate  and  50  per  cent  of  zinc  oxide.  It  has  been 
superseded  by  a  material  known  as  Ozark  White,  which  is  made  by 
the  Ozark  Smelting  and  Refining  Company  of  Missouri.  The  latter 
pigment  contains  about  60  per  cent  zinc  oxide  and  40  per  cent  lead 
sulphate. 

OzaA  White.  Ozark  White  is  a  very  desirable  pigment  ao^  has 
all  of  the  good  qualities  of  Standard  Zinc  Lead  White  and  Sublimed 
White  Lead.  It  consiints  of  approximately  60  per  cent  zinc  oxide  and  40 
per  cent  of  lead  sulphate. 

Zinc  Oxide.  Zinc  oxide  is  one  of  the  most  widely  used  pigments 
and  is  made  by  subliming  the  metal  and  also  zinc  ores.  It  is  erroneously 
believed  that  zinc  oxide  is  not  affected  by  sulphur  gases  and  therefore 
will  not  turn  color.  Zinc  oxide  is  acted  upon  by  sulphur  gases,  but  not 
visibly,  as  zinc  sulphide,  zinc  sulphite  and  zinc  sulphate  which  may  be 
formed  are  white,  and  therefore  the  reaction  is  not  evident  to  the  eye. 
Zinc  oxide  paint  produces  a  rather  bard  film  and  white  lead  a  soft  film, 
so  that  a  mixture  of  zinc  oxide  and  white  lead  in  the  proper  proportions 
forms  an  admirable  paint.  Zinc  oxide  is  also  largely  used  in  enamel 
paints. 

Zinoz.  This  is  a  hydrated  oxide  of  zinc.  It  is  not  made  in  this 
country  but  manufactured  and  used  almost  entirely  in  France.  It  is 
generally  sold  either  in  a  semi-paste  form  or  in  the  form  of  a  ready  mixed 
enamel.  It  possesses  about  the  same  qualities  as  zinc  oxide,  although  it 
is  claimed  that  it  possesses  a  slight  advantage  over  zinc  oxide  in  that 
it  remains  in  suspension  longer  than  any  other  pigment.  This  is  problem- 
atical. 

Lithopooe.  Lithopone  consists  theoretically  of  29|  per  cent  zinc 
sulphide  and  70}  per  cent  barium  sulphate.    It  is  made  by  mixing  solu- 
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tions  of  zinc  sulphate  and  barium  sulphide  in  molecular  proportions  in 
accordance  with  the  foUowii^  reaction: 

ZnS04+ Aq+BaS+ Aq  =  ZaS+BaS04+HiO. 

The  precipitate  fonaed  has  no  body  or  hiding  power  and  requirea 
very  careful  manipulation  in  order  to  convert  it  into  a  suitable  pigment. 
However,  when  washed,  dried,  heated  to  dull  redness,  suddenly  plunged 
into  water,  ground  in  its  pulp  state  and  washed  and  dried  again  it  makes 
an  excellent  paint  pigment.  It  is  a  brilliant  white,  extremely  fine  in 
texture  and  has  excellent  hiding  power,  having  more  biding  power  than 
pure  zinc  oxide.  It  is  stable  in  every  medium  known  for  paint  piuix>8efl 
excepting  those  which  are  highly  acid.  Litbopone  is  largely  used  for 
flat  wall  paints  and  also  in  the  cheaper  grades  of  enamel  paints.  As  an 
interior  white,  a  first  coat  white,  or  as  a  pigment  in  the  lighter  shades  of 
floor  paints  litbopone  cannot  be  excelled  for  its  body,  durability,  hard- 
ness, fineness  of  grain  and  ease  of  application.  It  does  not  oxidize  pro- 
gressively, and  this  feature  has  made  it  of  inestimable  value  to  the  table 
and  floor  oil  cloth  industry.  Litbopone  has  the  peculiar  faculty  of  dark- 
ening in  the  sunhght,  but  when  night  cornea  a  change  takes  place  and 
the  next  morning  it  will  be  as  white  as  it  ever  was.  This  is  called  the 
"photogenic"  quality.     This  action  goes  on  continually. 

Oxides  or  Lead 

lidiazge,  Lithai^  is  the  first  oxide  of  lead,  having  the  formula 
PbO.  It  is  yellow  in  color.  Litharge  has  excellent  protective  quaUties, 
because  it  is  basic  and  therefore  resists  corrosion.  Care  has  to  be  exer- 
cised in  its  use,  as  it  combines  with  linseed  oil  so  rapidly  that  when  used 
in  mixed  paints  to  any  great  extent  it  tends  to  "liver"  and  saponify. 
Flake  litharge  is  generally  used  by  varnish  makers  or  oil  boilers  for  making 
drying  oils. 

Red  Lead.  Red  lead  is  a  very  heavy  orange-red  pigment  more  or  less 
crystalline  in  structure.  It  is  made  by  heating  litharge  to  a  temperature 
of  600*  to  700°  F.  It  is  used  to  a  very  large  extent  for  priming  structural 
steel.  When  prepared  in  linseed  oil  it  must  be  freshly  used,  otherwise 
it  will  form  a  distinct  combination  with  Unseed  oil  and  become  hard 
and  unfit  for  use.  Once  set  it  may  be  reground  but  will  never  set  again. 
Red  lead  is  also  put  on  the  market  now  in  a  semi-paste  form,  materials 
being  added  to  keep  it  in  a  soft  condition  until  used. 

Blue  Lead.  Blue  lead  is  formed  in  the  sublimation  of  Galena.  It 
is  of  a  bluish  gray  color.    As  a  priming  coat  it  has  been  well  spoken  of. 

Red  Piohents 

Venetian  Red.  Venetian  red  ia  a  ferric  oxide  containing  gypsum, 
the  composition  being  20  to  40  per  cent  ferric  oxide  and  60  to  80  per  cent 
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calcium  Bulphate.  It  is  usually  made  by  heating  ferrous  sulphate  in 
the  presence  of  lime.  This  p^ment  has  been  known  for  upwards  of  a 
century. 

Indian  Red.  The  Indian  red  originally  used  was  a  native  oxide  of 
iron.  The  Indian  red  of  commerce,  however,  is  an  artificial  product 
made  by  calcining  copperas.  There  is  no  pigment,  with  possibly  the 
exception  of  lithopone  and  artificial  barium  sulphate,  which  will  approach 
Indian  red  in  fineness  of  grain.  Indian  red  is  not  only  used  as  a  pigment 
but  also  for  polishing  gold,  silver  and  other  metals. 

Quicksilver  Vermilion.  Quicksilver  vermilion  is  the  amorphous 
mercury  sulphide  which  is  normally  black,  but  when  made  with  sulphiu 
in  the  presence  of  an  alkaline  solution  it  becomes  bright  red.  It  has  the 
disadvantage  of  darkening  in  the  light  and  eventually  turning  brown. 

Pennaoent  Vennilion.  Permanent  Vermilion  is  usually  orange 
mineral  tinted  with  paranitraniline.  Enormous  quantities  of  this  pig- 
ment are  used.    It  has  great  tinctorial  strength. 

Helio  Fast  Red.  HeUo  fast  red  is  of  the  vennilion  type.  It  is  also 
known  as  Harrison  red.  It  is  made  from  nitro-paratoluidine,  and  in  tinc- 
torial strength  ia  practically  ten  times  stronger  than  quicksilver  ver- 
milion. It  ia,  however,  a  bad  drier.  When  used  in  sufficient  strength 
it  ia  permanent,  but  if  diluted  to  too  great  an  extent  the  base  upon 
which  it  is  made  masks  the  pigment. 

litbol  Red,  Lithol  red  has  the  advantage  over  paranitranilines  in 
that  it  does  not  bleed  and  that  it  does  not  turn  dark  upon  exposure!  It 
ia,  however,  largely  used  for  a  permanent  red  for  railway  signals.  When 
not  reduced  or  diluted  with  too  much  clay  and  barytes  it  is  permanent, 
but  when  it  contains  an  excess  of  so-called  reinforcing  pigments  it  washes 
out  and  fades. 

Brown  Piquents 

Bomt  Sienna.  This  is  a  permanent  reddish  brown  pigment  made  by 
calcining  raw  sienna,  raw  sienna  being  a  hydrated  oxide  of  iron  contain- 
ing clay.  The  ferric  oxide  content  in  the  American  grade  ranges  from 
25  to  60  per  cent,  depending  upon  the  original  ore  while  in  the  Italian 
burnt  sienna  the  ferric  oxide  content  averages  from  60  to  75  per  cent. 
Siennas  have  staining  power  rather  than  hiding  power. 

Burnt  Umber.  Burnt  umber  is  made  by  calcining  raw  umber,  which 
is  a  native  earth  found  in  Italy,  Greece  and  Turkey.  All  umbers  normally 
contain  over  5  per  cent  of  manganese  dioxide,  while  some  of  them  contain 
as  high  as  20  per  cent  manganese.  The  remainder  is  lai^ly  ferric  oxide. 
Umber  is  really  a  elay  earth  stained  with  oxides  of  manganese  and  iron. 

Burnt  Ochre.  Burnt  ochre  is  made  by  calcining  the  native  ochre, 
which  is  hydrated  oxide  of  iron  and  clay  ore,  until  the  ferrous  salt  is 
converted  into  ferric.  Paint  containing  burnt  ochre  as  pigment  will 
cover  sohdiy. 
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Pxince'B  Metallic  or  Princess  Mineral  Brown.  This  pigment  is  mined 
in  the  United  States,  and  was  named  after  a  man.  Prince,  who  originally 
mined  and  marketed  it.  It  is  used  to  a  very  large  extent  in  roof  and 
freight  car  paints. 

Van  Dyke  Brown.  Van  Dyke  brown  is  a  native  eaxth,  being  a  clay 
earth  stained  with  a  bituminous  compound.  It  is  used  in  mixed  paints, 
principally  on  account  of  its  deep  shade  and  translucent  appearance. 

Yellow  Piouents 

Ochre.  Ochre  is  clay  stained  with  the  hydrated  oxide  of  iron.  The 
French  ochres  are  more  brilliant  than  the  American  ochres. 

Chrome  Yellow.  Chrome  yellow  is  a  lead  chromate  of  medium  shade 
as  precipitated  from  a  solution  of  nitrate  of  lead  and  potassium  bichromate. 
The  lighter  shades  are  made  from  solutions  acidified  with  organic  or 
inorganic  acids.  Chrome  yellows  when  thoroughly  washed  are  permanent 
to  light,  but  they  cannot  be  used  where  sulphur  vapor  is  generated 
as  lead  sulphide  is  formed,  which  reduces  the  brilliancy  of  the  color. 

Cbnmate  of  Zinc.  This  material  is  used  to  some  extent  by  artistic 
painters.  It  is  soluble  in  water  to  a  large  degree  and  therefore  should 
not  be  used  as  a  finishing  coat  for  commercial  work.  It  is  used  to  a 
considerable  extent  iii  interior  and  flat  wall  paints. 

Blue  Pigments 

Ultramarine  Blue.  Ultramarine  blue,  whether  artificial  or  genuine,  is 
chemically  the  same.  Natural  ultramarine  blue  is  known  as  lapis  lazuli. 
The  only  advantage  that  the  natural  has  over  the  artificial  ia  that  it  is 
not  affected  as  quickly  by  acids  as  the  artificial  is. 

Artificial  Cobalt  Blue.  The  cobalt  blue  of  commerce  is  the  same  as 
ultramarine  blue,  the  difference  being  in  the  shade.  Chemically  it  is 
about  the  same  as  ultramarine  blue. 

Prussian  Blue.  Prussian  blue  is  a  ferri-ferro  cyanide  of  iron.  There 
are  a  number  of  varieties  of  Prussian  blue,  all  approximating  the  same 
composition,  though  slightly  different  in  shade.  They  are  made  dif- 
ferently, and  are  known  as  Steel  Blue,  Milori  Blue,  Bronze  Blue,  Antwerp 
Blue,  Chinese  Blue  and  Paris  Blue.  If  Prussian  blue  is  free  from  soluble 
salts  it  is  a  stably  color  and  will  not  change  shade. 

Geeen  Pigments 
Chrome  Green.  Chrome  green  is  principally  a  mixture  of  Prussian 
blue  and  chrome  yellow.  When  chrome  green  is  used  as  a  pigment  it 
should  be  free  from  soluble  salts,  otherwise  the  soluble  salts  are  liable 
to  affect  the  linseed  oil.  A  paint  which  contains  chrome  green  when  used 
at  the  seashore  usually  bleaches,  so  that  a  paint  for  that  purpose  should 
contain  chromium  oxide  as  the  pigment. 
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Ctuomiimi  Oxide.  Chromium  oxide  is  the  only  perfectly  permanent 
green  made.  It  mixes  with  every  other  pigment  without  decomposition 
and  stands  exposure  to  light  without  fading  or  darkening.  It  is  unaffected 
by  alkali. 

Green  Aniline  Lakes.  Those  green  aniline  lakes  which  are  alkali- 
proof  are  very  largely  used  in  flat  wall  paints,  as  extreme  permanence 
to  light  is  not  necessary  since  these  paints  are  used  for  interior  work. 
These  lakes  are  used  only  as  tints,  as  they  do  not  possess  hiding 
power. 

Zinc  Green.  Zinc  Greens  are  usually  mixtures  of  chromate  of  zinc 
and  Prussian  blue  and  are  extremely  brilliant  and  permanent  to  light, 
but  not  permanent  to  alkali  or  water.  They  are  largely  used  in  flat 
wall  paints  and  for  paints  for  interior  decoration. 

Verte  Antique  (Copper  Green).  Thb  is  generally  bicarbonate  of 
copper.  It  is  used  for  producing  a  corroded  copper  effect,  known  as 
verte  antique. 

Black  Pigments 

I>ampblack  and  Carbon  Black.  Both  of  these  are  condensed  soots, 
the  one  made  from  dead  oil,  and  the  other  usually  from  gas.  They  are 
pure  carbon. 

Graphite.  Graphite  is  either  artificial  or  natural,  and  very  seldom 
contains  more  than  !^0  per  cent  of  carbon.  It  has  a  peculiar  silvery 
luster  by  which  it  can  be  identified. 

Charcoal  and  CoaL  Charcoal  and  coal  are  analogous  in  composition, 
except  that  charcoal  black  is  alkaline  and  coal  black  acid 

Vine  Black.  Vine  black,  in  all  essentials,  is  the  same  as  the  powdered 
charcoals  for  paint  purposes,  excepting  that  the  grain  is  sm^er  and  the 
black  denser. 

Ivory  Black.  Ivory  black  is  still  used  to  some  extent  for  very  intense 
coach  colors,  and  there  is  also  a  very  fine  species  of  carbon  black  on  the 
market  known  as  the  "Extract  of  Ivory  Black,"  which  is  made  by 
digesting  charred  ivory  chips  in  hydrochloric  acid  until  nearly  all  of  the 
calcium  phosphate  is  dissolved.  Such  a  black  has  intense  staining  power 
and  is  by  the  far  the  blackest  material  made.  It  is  very  expensive,  col- 
loidal in  its  nature,  and  used  therefore  for  ready  prepared  color-in-vamish 
or  high  grade  black  enamels. 

Drop  Black.  Drop  black  is  generally  made  by  calcining  sheep  bones, 
which  are  then  impalpably  ground  in  water,  and  when  in  paste  form 
cast  into  small  drops;   hence  its  name,  "Drop  Black." 

Black  Toner.  Black  toners  may  be  either  the  extract  of  ivory  black, 
the  eiftract  of  bone  black,  or  certain  forms  of  carbon  black,  or  carbon 
black  upon  which  nigrosine  has  been  precipitated. 

Benzol  Black.  Benzol  black  is  a  carbon  black  which,  however,  is 
much  better  than  the  carbon  black  produced  from  natural  gas.    It  k 
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soft,  contains  no  granular  particles,  and  remains  in  suspeneioQ  for  many 
weeks  in  both  oil  and  varnish.  It  is,  however,  a  very  poor  drier,  like 
most  of  these  blacks,  and  therefore  a  mixture  of  lithai^  and  red  lead  oil' 
is  recommended  when  they  are  to  be  used. 

AceQrIeoe  Block.  This  black  is  not  quite  as  common  as  it  was  some 
years  ago.  It  has  very  desirable  properties  and  can  be  used  for  tinting 
purposes  without  showing  granules  or  streaks,  as  is  often  the  case  with 
carbon  black  made  from  gas.  It  is  flocculent  and  somewhat  colloidal  in 
nature. 

Mineral  Black.  Mineral  black  is  usually  a  slate  colored  with  oxide 
or  iron. 

Inert  Fillers  and  Extendebs 

These  materials,  which  at  times  have  been  called  the  "re-enforcing 
pigments,"  have  their  value  when  used  in  moderate  proportions,  and  yet 
it  is  not  within  the  province  of  any  paint  chemist  to  say  to  what  extent 
these  materials  can  be  classed  as  adulterants  and  to  what  extent  they  can 
be  classed  as  inert  fillers  or  re-enforcing  pigments.  In  every  case  where 
this  question  comes  up  common  sense,  judgment,  and  best  practice  pro- 
vide the  answer. 

Barium  Su^hate.  Barium  sulphate  is  an  artificial  precipitate,  usually 
made  from  barium  chloride  and  sodium  sulphate,  and  is  largely  used 
as  a  lake  base,  and  in  its  dry  form  as  a  re-enforcing  pigment.  The  United 
States  Navy  has  lately  adopted  it  in  a  very  large  way  for  making 
battleship  gray. 

Barytes.  Barsrtes  has  the  same  chemical  composition  as  the  arti- 
ficial barium  sulphate,  but  is  the  native  mineral,  finely  powdered. 

Barium  Carbonate.  This  material  is  practically  new  as  a  paint 
material.  Under  the  microscope  it  has  a  very  peculiar  structure.  It 
is  not  made  by  mixing  a  solution  of  barium  chloride  and  sodium  car- 
bonate, although  that  would  be  the  normal  way  of  making  it,  but  it  is 
made  from  barium  sulphide  and  sodium  carbonate  in  fairly  concentrated 
solutions,  so  that  the  sodium  sulphide  becomes  a  valuable  by-product, 
and  therefore  the  barium  carbonate  can  be  successfully  marketed  at  a 
reasonable  price. 

Silica  and  Infusorial  Earth.  Silica  and  infusorial  earih  are  usually 
either  ground  quartz  or  the  native  infusorial  earth  washed  and  powdered. 
China  clay  and  kaolin  are  silicates  of  alumina  largely  used  as  either 
re-enforcing  pigments  or  subatratums  for  lakes. 

Asbestine  and  Asbestos.  Asbestine  and  asbestos  are  silicates  of 
magnesia,  the  asbestine  having  a  short  fiber  and  the  asbestos  having  a 
long  fiber.  Asbestos  fiber  is  used  to  a  small  extent  in  paint,  but  it  is 
not  as  good  as  asbestine,  because  the  fiber  of  asbestos  is  too  long.  How- 
ever, considerable  quantities  of  asbestos  are  used  for  the  making  of  so-called 
"fire-proof"  paints. 
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Caldtiin  Carbonate.  Calcium  carbonate  is  either  whitii^,  or  white 
mineral  filler  or  powdered  marble. 

Gypsum  and  Teira  Alba.  Gypeum  and  terra  alba  are  either  arti- 
ficial or  natural  calcium  sulphate. 

Paint  Vehicles 

The  vehicles  or  liquids  used  in  making  paint  are  linseed  (h),  eaya 
bean  oil,  China  wood  oil,  fish  oil,  com  oil,  pine  oil,  turpentine,  benzine, 
benzol,  turpentine  substitutes  and  driers. 

Unseed  Oil.  Linseed  oil  is  the  oldest  paint  vehicle  known.  It  is 
the  oil  expressed  from  the  Sax  seed.  It  was  formerly  known  as  Unnen 
seed,  hence  its  name,  linseed.  Most  of  the  raw  linseed  oil  produced  in 
the  United  States  comes  from  the  Northwest.  The  foreign  oils  come 
from  Calcutta,  the  Baltic,  and  the  Ai^entine  r^<His.  The  oldest  method 
for  extracting  the  oil  consists  in  crushing  the  seeds,  heating  it  in  a  steam- 
jacketed  kettle  and  finally  subjecting  it  to  hydraulic  pressure.  In  a 
later  method,  which  is  a  continuous  one,  the  crushed  seed  is  forced  throi^h 
a  screw  press,  the  oU  thus  oozing  through  the  openings  in  the  bottom 
of  the  tube  while  the  cake  falls  out  at  the  end  in  the  form  of  flakes.  A 
third  process  consists  in  extracting  the  crushed  seed  by  means  of  naphtha, 
the  'access  of  solvent  being  subsequently  removed  by  evaporation. 

Linseed  oil  dries  by  oxidation  and  this  may  be  hastened  by  the  addi- 
tion of  salts  of  lead  or  manganese,  known  as  diiers. 

SojtL  Bean  OIL  Soya  bean  oil  is  closely  allied  to  linseed  oil,  but 
there  are  some  seventeen  varieties  of  it,  and  most  of  them  are  very  poor 
driers,  and  remain  sticky  for  a  long  time.  There  are  three  or  four  varieties 
of  soya  bean  which  yield  very  good  oil,  but  until  these  are  scientifically 
cultivated  it  will  be  rather  difficult  to  recommend  them. 

China  Wood  OIL  China  wood  oil  has  been  known  in  America  since 
1896  only,  and  is  known  under  the  name  of  tung  oU,  kiri  oil,  and  China 
nut  oil.  It  cannot  be  used  in  its  raw  state,  but  must  always  be  cooked, 
with  the  addition  of  a  suitable  drier,  to  a  temperature  of  over  500°  F. 
It  makes  a  very  waterproof  material. 

Fish  OIL  There  is  only  one  variety  <A  fish  oil  that  is  used  in  paint 
making,  and  that  is  known  as  menhaden  fish  oil,  wliich  is  the  oil  extracted 
from  the  moss-bunker.  The  fish  are  collected  on  the  northeastern  coast 
of  North  America.  When  used  up  to  about  70  per  cent  with  other  oils, 
it  makes  a  suitable  oil  for  pmnt  purposes. 

Cmi  OU.  Com  oil,  as  the  name  indicates,  is  the  oil  pressed  from  the 
seed  of  the  com  or  maize  plant,  and  does  not  dry  very  well.  When 
mixed  with  linseed  oil  it  has  some  uses  as  a  grindii^  oil. 

nne  on.  The  t«nn  "pine  oil"  as  now  understood,  is  the  heavy  oil 
obtained  from  the  fractionation  of  crude  steam-distilled  wood  turpentine. 
When  the  sap  of  the  pine  tree  is  subjected  to  distillation  in  a  current  oS 
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steam  the  volatile  liquid — turpentine — consists  almost  entirely  of  the 
hydrocarbon,  pinene  (CioHie).  When,  however,  the  trunk,  stumps, 
and  roots  of  the  same  tree  have  been  allowed  to  remain  on  the  ground 
for  a  number  of  years  and  are  then  steam  distilled,  there  are  obtained, 
in  addition  to  the  turpentine  and  rosin,  certain  heavier  oils  formed  by 
hydrolysis  and  oxidation  as  a  result  of  exposure  to  the  atmosphere.  To 
the  heavier  oils  thus  formed  and  yielded  up  to  the  process  of  steam  dis- 
tillation the  term  "  pine  oil "  is  properly  applied. 

Tuipeatine.  Turpentine  is  one  of  the  oldest  solvents  known.  It 
is  collected  from  the  sap  of  the  pine  tree  in  the  southern  part  of  the 
United  States  and  when  the  sap  is  distilled  it  yields  ordinaiy  rosin  and 
spirits  of  turpentine. 

Benzine,  Benzine  is  a  light  fraction  of  petroleum  oil  or  asphalt  oil,, 
and  is  more  inflammable  than  turpentine.  It  has  a  very  targe  use  in  the 
paint  industry,  particularly  for  the  manufacture  of  oil  cloth,  linoleum, 
etc.,  where  a  cheaper  solvent  is  necessary. 

Benzol.  Benzol  is  a  Ught  fraction  derived  from  coal  tar  and  has  great 
solvent  properties.  It  is  a  desirable  constituent  of  mixed  paint  which 
is  to  be  used  for  painting  new  wood,  and  if  used  up  to  a  reasonable  limit 
improves  the  spreading  quality  of  paint  considerably. 

Tuipeatine  Substitutes.  There  is  a  lai^  class  of  tiupentine  sub- 
stituted which  are  replacing  turpentine  itself.  These  are  the  higher 
fractions  of  petroleum  and  asphalt  oils  which  have  about  the  same  specific 
gravity  as  turpentine.  They  are  much  more  reasonable  in  price,  and  in 
many  instances  serve  the  purpose  of  pure  turpentine. 

Driers.  Driers  are  needed  in  almost  all  paints.  It  is  assumed  that 
they  exert  no  chemical  action  but  attract  oxygen  from  the  air  by  virtue 
of  their  presence.  The  principal  driers  used  in  paint  making  are  made  of 
soaps  composed  of  lead  and  manganese  in  some  form  or  other,  usually 
as  the  linoleatc  or  the  resinate.  Too  much  drier  is  regarded  as  hannful 
in  paint,  but  a  limited  amount  serves  a  very  good  purpose  in  that  the 
paint  is  made  to  dry  before  dust  can  collect. 

Lakes  are  dyes  precipitated  on  a  transparent  base  and  are  more  or 
less  transparent  or  translucent.  There  are  two  kinds  of  lakes,'  thoee 
made  from  the  aniline  dyes  and  those  made  from  the  wood  dyes.  An 
example  of  an  aniline  lake  is  Scarlet  Lake,  used  in  printing  ink,  which  is 
made  by  dissolving  a  dye  like  2R  Scarlet  in  hot  water,  mixing  the  water 
with  blanc  fixe,  alumina,  clay  or  a  mixture  of  these  bases  and  then  pre- 
cipitating the  color  by  means  of  barium  chloride.  Some  dyes  are  pre- 
cipitated by  means  of  tannic  acid,  others  by  means  of  lead  salts  and  still 
others  by  means  of  barium  salts.  The  wood  extracts  like  Persian  Berry, 
Quercitron  and  Hypemic  lake  are  generally  precipitated  by  means  of  tin 
chloride,  and  they  are  not  as  fast  to  light  or  as  brilliant  as  the  aniline 
lakes. 

No  general  rule  can  be  given  for  the  manufacture  of  a  lake  for  every 
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mordant  and  every  base  has  a  different  influence  on  the  shade  of  the  color. 
A  yellowish  scarlet,  for  instance,  ia  turned"  bluish  when  zinc  and  lime 
salts  are  used,  A  lake  which  ordinarily  is  very  transparent  becomea 
opaque  when  a  base  like  carbonate  of  barium  is  used.  There  is  very 
little  written  on  the  manufacture  of  lakea  for  the  reason  that  this  subject 
is  largely  empirical  and  every  manufacturer  has  formulie  of  his  own  which 
are  alight  variations  and  modifications  from  the  recognized  methods. 
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CHAPTER  XVI 

THE    MANUFACTURE    AND     USE"  OF    PREPARED     PAINT 
PRODUCTS 

HENRY  A.  GARDNER 

Asaialani  Dirtctor,  The  IruHltite  of  Induttrial  ReteanA,  Washington,  D.  C. 

Conditions  Responsible  for  the   Introduction  of  Prepared  Paints. 
Paint  making  thirty  or  forty  years  ago  woa  conducted  upon  a  rather 


Fio.  182. — Illustration  showing  the  condensing  action  of  milling  pigmenla  with  oil. 
The  full  barrel  of  pigment  at  the  right,  produces  a  banel  one-third  full 
of  paint,  when  milled  with  oil, 

crude  and  empirical  scale.  Painters'  apprentice  boysi  laboriously  and 
often  without  great  care,  stirred  their  white  lead  paint  base,  with  oils  and 
thinners,  in  tuba  and  barrels.  Tinting  colors,  ground  in  small  quantities 
with  slab  and  hand  muUer,  were  added.  The  production  of  a  few  gallons 
of  lumpy  and  half-mixed  paint  was  the  result  of  many  hours'  work.  Con- 
siderable waste  attended  the  preparation  of  such  paints,  as  the  amount 
prepared  for  a  certain  job  was  often  actually  greater  than  required, 
the  balance  being  allowed  to  remain  in  uncovered  kegs  where  it  would 
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soon  become  hard  and  unfit  for  further  use.  The  difficulty  often  experi- 
enced in  du[:dicating  certain  mixes  or  matching  certain  tints  was  aggra- 
vated by  the  troublea  experienced  with  impure  or  adulterated  raw 
materials.  The  disappearance  of  the  apprentice  system  and  the  attending 
difBculty  of  obtaining  journeymen  or  foremen  qualified  to  produce  the 
proper  shades  and  tints  for  various  types  of  work  added  to  the  problem. 
The  maintenance  of  vast  properties,  such  as  our  great  modern  railroad  sys- 
tems, which  use  standard  colors  on  their  buildings  and  equipment,  and  the 
enormous  office  buildings  in  metropoUtan  centers  requiring  thousande 
of  gallons  of  p^nts  and  other  finishes,  necessitated  the  use  of  machine- 
made  prepared  paints.  All  these  conditions  were  factors  in  bringing 
about  a  gradual  change  in  the  painting  trade.  The  greatest  factor,  how- 
ever, ^as  the  growing  conviction  among  painters  that  the  white  lead 
paint  produced  by  hand  mixing  could  not  be  used  successfully  for  all 
types  of  work,  and  that  certain  other  pigments,  then  gradually  c<Hning 
into  use,  gave  to  the  white  lead,  properties  which  enormously  increased 
its  value  for  certain  purposes. 

GtowHi  of  Industry  Caused  by  the  Introduction  of  Science  into  Paint 
Maldng.  The  first  attempt  to  produce  prepared  paints  in  this  country 
did  not  meet  with  great  success;  the  lack  of  technical  knowledge  r^ard- 
ing  the  properies  of  pigments,  oils  and  colors,  which  then  existed,  in 
many  instances  being  responsible  for  the  low  type  of  product  first  pro- 
duced and  for  the  consequent  prejudice  created  against  the  use  of  paints 
in  prepared  form.  These  conditions,  however,  soon  changed,  and  with  the 
introduction  of  laboratories  under  the  supervision  of  trained  chemists, 
the  manufacture  of  prepared  paints  rapidly  developed  into  an  industry 
in  *hich  the  processes  were  controlled  by  the  application  of  scientific 
principles  and  in  which  the  raw  materials  used  were  most  carefully 
examined  for  their  chemical  piuity  and  physical  properties.  To-day 
the  manufacture  of  prepared  paint  products  in  the  United  States  con- 
stitutes one  of  the  most  important  industries  of  the  country,  aggregating, 
as  it  does,  the  production  of  over  one  hundred  million  gallons  annually 
and  exceeding  in  value  Germany's  much  vaunted  coal  tar  dye  industry. 
Thousands  of  different  kinds  of  ores,  chemicals,  oils,,  gums,  resins,  volatile 
thinners,  and  other  materials  are  employed  in  the  manufacture  of  these 
products,  and  the  skill  of  the  chemist  is  apphed  to  a  great  extent  in  the 
examination  and  utilization  of  these  raw  products.  The  more  generally 
used  of  these  products  will  be  discussed  under  separate  headings.  It 
is,  of  course,  impossible  to  present  a  description  of  several  hundred  dif- 
ferent kinds  of  prepared  products  which  are  being  made  and  used  for 
specific  purposes,  and  only  the  most  important  will  therefore  be  desaibed. 

Materials  from  vtuxh  Paints  are  Made.  Raw  linseed  oil  is  used  aa 
the  vehicle  or  pigment  carrier  for  the  majority  of  paints.  When  spread 
in  a  thin  layer,  this  oil  absorbs  large  quantities  of  oxygen  from  the  air, 
beixM&ing  solidified  to  a  rubber-like  mass. 
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Modem  research  has  demooBtrated  the  value  of  other  oils  also,  notably 
perilla  oil,  which  ia  already  being  used  with  great  success.  The  addition 
of  pigments  to  the  oil  effects  the  formation  of  much  stronger  films  and  at 
the  same  time  provides  opacity  and  color,  the  oil-pigment  fifan  biding  and 
decorating  the  surface  to  which  it  is  apphed.  When  ra^Nd  drying  paints 
are  required,  liquid  driers  are  added,  which  accelerate  the  drying  of  the 
oil.  These  driers  are  prepared  by  dissolving  in  hot  oil,  considerable 
quantities  of  active  oxygen-canyii^  substances,  such  as  the  oxides  of  lead 
and  manganese,  subsequently  thinning  the  mixture  with  turpentine  and 
benzine  in  order  to  reduce  its  consistency.  Cheaper  forms  of  drier,  to 
be  used  in  certain  types  of  paint,  are  prepared  by  hardening  roein  with 
lime  and  lead  oxide,  and  reducing  the  resinate  with  benzine  or  other 
volatile  liquid.  Such  a  drier  is  generally  called  gloss  oil.  Boiled  linseedoil, 
which  iaused  in  paints  that  are  required  to  dry  rapidly  to  a  glossy  surf  ace, 
is  produced  by  heating  raw  linseed  oil  to  a  very  high  temperature  and 
incorporating  at  such  temperatures  small  percentages  of  metallic  oxides. 
Turpentine,  high  boiling  point  petroleum  benzine,  and  coal  tar  benzol 
are  added  to  paints  to  thin  them  to  a  suitable  consistency  for  application. 
These  thinners  have  the  effect  of  causing  painte  to  penetrate  into  the  pores 
of  wooden  surfaces  on  which  they  may  be  used.  The  thinner,  of  course, 
volatilizes  during  the  drying  of  the  paint.  Vamiahes  are  also  used  to  a 
oonsiderable  extent  in  the  preparation  of  some  types  of  prepared  paints. 
Varnishes  are  prepared  by  fusing  fossil  resins,  such  as  kauri  and  copal, 
combining  the  fused  product  with  hot  oil,  and  reducing  the  mixture 
with  turpentine.  The  white  pigments  used  in  paints  are  either  of  the 
opaque  type,  such  as  basic  carbonate-whit«  lead,  basic  sulphatd-white 
lead,  zinc  oxide,  leaded  zinc,  and  lithopone,  or  of  the  transparent  type 
such  as  barytes,  china  clay,  silica,  asbestine,  etc.  The  color  pigments 
used  are  natural  earth  colors  and  chemically  precipitated  colors,  either  of 
organic  or  inori^nic  origin. 

Factory  Airangements.  The  dry  pigments  are  usually  kept  on  the 
top  floor  of  the  factory,  in  bins  or  barrels.  Provision  is  made  on  the 
same  floor  to  dump  weighed  amounts  of  the  various  pigments  into  the 
mixers  on  the  floor  below.  The  liquids,  such  as  oil,  turpentine  etc.,  which 
are  used  in  the  manufacture  of  paints,  are  generally  stored  in  lai^e  steel 
tanks  which  are  kept  in  the  basement  or  outside  of  the  factory.  By 
pressure  the  liquids  are  forced  to  different  parts  of  the  fbctory  where  they 
may  be  required.  The  pipes  In  which  the  liquids  are  contained  are 
painted  different  colors  in  order  to  differentiate  between  the  liquids. 
The  pipes  are  generally  connected  to  gaufpng  machines  so  arranged  that 
definite  quantities  of  oil  or  other  tlunners  may  be  rapidly  drawn  at  any 
point  where  required. 

Making  Prepared  House  Paints.  In  the  manufacture  of  prepared 
house  paints,  the  pigments  to  be  used  are  weighed  out  in  the  proper 
proportions.     Linseed  oil  is  placed  in  large  rotary  mixers,  the  pigment 
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added  and  the  mass  thoroughly  agitated.  For  the  grinding  of  lead  and 
nine  pigments  which  are  to  be  used  in  special  paints,  the  pigment  and 
oil  mixture  is  sometimes  placed  in  the  bed  of  a  large  chaser  where  it  is 
heavily  kneaded  with  a  large  revolving  roller.  The  kneading,  effects  a 
dense  paste  containing  a  small  percentage  ot  oil  and  therefore  very  opaque 
in  nature.  The  oil-pigmont  mix  is  then  milled  through  revolving  plates 
of  dressed  stone  or  steel,  issuing  forth  as  a  smooth,  heavy  paste.     From 
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the  grindii^  mills  this  mixed  pigment  paste  is  allowed  to  flow  into  large 
stor^e  tanks  where  it  is  kept  in  semi-paste  condition.  When  desired, 
a  quantity  of  the  paste  is  removed  to  a  smaller  tank  called  a  mixing  or 
shading  tank,  where  the  paste  is  thinned  with  a  certain  definite  amount 
of  linseed  oil.  Turpentine,  thinner  and  liquid  drier  are  added  to  make 
the  paint  more  liquid  and  suitable  for  immediate  use.  Tinting  colors, 
ground  in  linseed  oil,  are  also  added  if  the  paint  is  to  be  colored.  After 
thorough  stirrii^,  the  prepared  paint  is  packed  in  containers  which  are 
subsequently  closed,  labelled,  and  boxed  for  shipment. 

C<mqio8itioa  <rf  Prepared  House  Paints.  Prepared  house  paints 
usually  contain  approximately  65  parts  by  weight  of  pigment  and  36 
parts  by  weight  of  vehicle.  The  vehicle  of  high  grade  paints  is  pure 
linseed  oil  with  a  small  percentage  of  turpentine  and  liquid  drier.  The 
pigment  portion  consists  of  a  mixture  of  the  white  lead  pigments  and 
zinc  oxide,  sometimes  containing  a  moderate  percentage  of  inert  pigments 
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Buch  as  barytea,  asbestine,  silica,  whiting,  g3rpaum  or  china  clay.  The 
cheaper  paints  contain  a  much  larger  percentage  of  the  inert  pigments 
and  a  minor  proportion  of  the  opaque  white  metallic  pigments.  The 
coloring  matters  \i3cS  for  tinting  are  varied  and  consist  of  natural  eartti 
colors,  such  as  sienna,  umber,  ochre  or  iron  oxide,  or  chemically  pr^aied 
pigments  such  as  lead  chromate,  Pruauan  blue,  chrome  green,  carbon 
black,  etc.  The  paint  maker  has  a  wide  ruige  of  such  colors  from  which 
to  choose  and  can  therefore  produce  paints  of  practically  any  deared 
tint  or  shade. 

Durability  of  Paints  for  Wooden  Surfaces.  E]kterior  exposure  tests 
have  been  made  in  many  sections  of  the  United  States,  to  determine  what 
types  of  paints  are  best  suited  for  the  protection  of  wooden  surfaces.  In 
every  instance,  these  tests  have  been  conducted  and  reported  upon  by 
variouB  scientific  societies  and  educational  institutions.  The  results  of 
the  teste  have  proved  that  single  pigment  pfuats,  such  as  corroded  white 
lead  in  oil,  do  not'  give  entirely  satisfactory  results.  Faiats  made  of  the 
white  lead  pigments  (corroded  or  subUmed)  combined  with  zinc- oxide, 
with  or  without  a  moderate  percentage  of  inert  pigments  such  as  barytes, 
silica,  asbestine,  ete.,  have  given  the  best  results  from  the  standpoint  of 
durability  and  color  maintenance.  The  tinted  paints  have  proved  most 
satisfactory  in  this  respect,  the  effect  of  the  color  in  promoting  the  life 
of  a  paint  being  very  pronounced. 

Bam  Paints.  In  agricultural  districts  where  there  are  many  bams 
and  similar  out-buildings  to  paint,  there  is  a  wide  demand  for  the  so-called 
"bam  paints"  which  are  usually  made  of  the  cheaper  grades  of  iron 
oxide  ground  in  linseed  oil  or  mixed  oils  and  thinned  with  benzine.  Gloss 
oil  driers  made  from  rosin  treated  with  litharge  and  dissolved  in  benzine, 
are  occasionally  added  to  accelerate  the  drying  of  such  paints.  The 
higher  grades  of  bam  paints,  however,  are  made  with  linseed  oil  and 
turpentine  driers.  Some  agriculturalists  prefer  to  use  the  best  and  most 
expensive  grades  of  prepared  house  paints  upon  all  their  out-buildings, 
thus  obtaining  the  most  satisfactory  and  economical  results. 

Enamel  Paints.  A  desire  for  gloss  coatings  of  great  brilliancy  and 
light-refiecting  value,  for  the  interior  woodwork  of  dwellings,  has  led  to 
the  manufacture  of  special  paints  of  this  sort,  which  are  popularly  known 
as  enamels.  These  were  at  first  produced  by  dissolving  white  damar 
gum  in  turpentine  and  usii^  this  liquid  as  the  vehicle  in  which  to  grind  the 
pigment  base,  which  was  generally  compoeed  of  French  process  sine  oxide 
used  in  sufficient  quantity  to  give  an  enamel  of  good  body.  When  applied 
to  a  surface,  such  enamels  would  dry  rapidly  to  a  high  gloss.  Higher  grade 
enamels  were  made  of  French  process  zinc  oxide  ground  in  short  oil  var- 
nishes of  the  copal  type.  More  recently,  however,  lithopone  has  been  used 
in  place  of  zinc  oxide  for  the  production  of  certain  '.ypes  of  enamel.  Bodied 
oils  are  also  finding  a  wide  application  as  a  vehicle  for  such  products. 
Linseed  oil,  blown  and  bodied  to  a  very  heavy  consistency,  forma  an  excel- 
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lent  enamel  vehicle  especially  when  mixed  with  a  %ht  hard  resin  varnish.  - 
Enamel  painte  produced  through  the  use  of  such  oil  are  more  durable 
for  exterior  purposes  than  those  produced  from  straight  spirit  or  gum 
varnishes.  In  the  manufacture  of  some  enamels  the  pigment  base 
is  often  milled  in  a  veiy  soiall  amount  of  bleached  linseed  oU,  in  order 
to  condense  it  as  much  as  possible,  the  paste  being  reduced  with  boiled 
oil  and  nm  through  roller  mills,  subsequently  to  be  thinned  with  a 
light  turpentine  oleo-resinous  vamiah.  Zinc  and  lithopone  enamels 
have  almost  entirely  replaced  the  use  of  corroded  white  lead  for  interior 
painting  work.  As  a  ground  coat  for  these  enamels,  there  is  generally 
applied  a  paint  made  of  lithopone  ground  in  a  vehicle  which  will  dry  very 
flat.  The  application  of  the  enamel  over  the  flat  coating  produces  a  very 
brilliant  and  durable  finish. 

Flat  Wall  Paints.  The  application  of  paints  to  the  interior  walls 
and  ceilings  of  dwellings,  office-buildings  and  other  public  structures, 
is  rapidly  becomii^  universal.  This  is  in  part  due  to  the  general  rect^ni- 
tion  of  the  fact  tjiat  the  public  health  must  be  guarded  by  providing 
and  maintainii^  the  most  sanitary  conditions  wherever  people  are  con- 
fined for  any  period  of  time.  It  b  obvious  that  the  use  of  wall  paper  for 
interior  decoration  works  directly  against  the  fundamental  principles 
of  hygiene.  The  easily  decomposable  starch  or  glue  binder  in  wall  paper 
forms  an  excellent  culture  medium  for  bacilli,  while  its  rough  and  unwash- 
able  surface  collects  and  retuns  the  dust  which  may  be  present  in  any 
room.  Interiors  should  be  made  sanitary  through  the  use  of  durable 
punts  deagned  to  provide  a  maximum  degree  of  service.  That  the  use 
of  paints  for  this  purpose  constitutes  a  great  aid  in  the  modem  efl'ort  to 
provide  the  most  sanitary  and  healthful  conditions,  is  evident  when  we 
take  into  consideration  the  fact  that  durii^  the  drying  of  oil  paints, 
aldehydic  substances  are  evolved  which  are  destroyers  of  pathi^nic 
bacteria;  newly  painted  surfaces  being  practically  free  from  bacilli. 

During  the  past  few  years  there  have  appeared  on  the  market  a  num- 
ber of  washable  wall  paints  composed  of  non-poisonous  pigments  ground 
in  vehicles  having  most  valuable  water-proof  qualities.  When  spread, 
these  paints  dry  to  a  flat,  semi-flat  or  matt  finish  which  has  become  very 
popular  on  account  of  its  restful  effect  upon  the  eyes.  These  products, 
which  are  called  Sanitary  Flat  Wall  Paints,  are  composed  of  lithopone 
and  zinc  oxide  admixed  sometimes  with  small  percentages  of  the  more 
inert  pigments.  The  pigments  are  groimd  in  special  flat  varnish  liquids 
made  from  treated  tung  ofl,  thinned  with  high  boiling-point  petroleum 
thinnera.  In  some  of  these  paints  there  is  used  a  very  heavy  bodied 
linseed  dl  which  increases  the  binding  properties  <^  the  paint.  The 
remarkable  hiding  power  of  lithopone,  the  pigment  generally  used  in 
"iftking  these  paint«,  is  respousibie  for  their  economy  in  use — one  or 
two  coats  being  sufficient  to  do  the  work  which  formerly  required  several 
coats  of  flatted  white  lead  paint.    Tht  Wall  Paints  are  produced  in  many 
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'  shades  and  tints,  the  lighter  colore  being  most  suitable  for  the  walls  of 
school  rooms  and  hospitals,  while  the  darker  colors  are  generally  preferred 
for  living  rooms  and  libraries.  ■ 

Factory  Paints.  In  order  to  brighten  the  interiors  of  factories,  and 
thus  increase  the  amount  of  iDumination  and  working  efficiency  of  the 
employees,  the  walls  and  ceiUngs  are  generally  coated  with  white  or  light 
tinted  paints.  These  are  usually  made  on  a  lithopone  base,  the  vehicle 
being  treated  tung  oil  or  linseed  oil.  A  considerabJe  quantity  of  tur- 
pentine or  similar  thinner  is  generally  used  to  produce  a  flat  surface. 
For  a  gloss  surface,  the  lower  priced  grades  of  zinc  and  lithopone  enamels 
are  used. 

Cement  Paints.  Portland  cement,  on  account  of  its  adaptability 
to  the  principles  of  re-enforcement,  is  being  used  extensively  for  the  con- 
struction of  buildings  of  all  types.  The  desire  to  decorate  the  rather 
unpleasing  appearance  of  cement  structures  and  at  the  same  time  render 
them  waterproof  has  created  a  demand  for  paint  coatings  suitable  for  this 
purpose.  High-grade  prepared  house  paints  have  proved  suitable  in 
many  instances.  Specially  prepared  cement  paints  have  also  given 
excellent  results  and  are  being  widely  used  for  this  purpose.  Their  com- 
position generally  shows  the  presence  of  sublimed  or  corroded  white 
lead,  zinc  oxide  or  lithopone  aa  a  base  pigment,  combined  with  a  con- 
siderable percentage  of  inert  pigment  and  ground  in  highly  waterproof 
vehicles  prepared  from  treated  tung  oil.  When  such  paints  are  to  be 
applied  to  freshly  laid  damp  cement  or  concrete  construction,  the  surface 
of  the  concrete  is  generally  washed  with  a  solution  prepared  by  dissolv- 
ing zinc  sulphate  crystals  in  water.  This  solution  neutrahzes  all  the 
calcium  hydrate-present  in  the  surface  of  the  cement. 

Metal  Paints.  Iron  sheets  or  other  forms  of  iron  and  steel,,  if  left 
unprotected,  will  corrode  in  a  very  short  time.  If  properly  protected 
by  paints,  they  will  remain  for  years  in  a  perfect  .state  of  preservation. 
Prepared  paints  are  now  being  used  in  enormous  quantities  for  this  pur- 
pose, thus  preventing  corrosion  and  effecting  annually  a  saving  of  many 
miUion  dollars.  * 

The  corrosion  of  iron  is  due  largely  to  a  form  of  electroIysiB  which 
takes  place  in  the  presence  of  moisture  and  air.  Impurities  which  are 
generally  segregated  throughout  the  metal,  may  become  electronegative 
to  iron,  and  in  the  presence  of  moisture  excite  galvanic  action  which 
causes  the  more  electro-positive  metal  (the  iron)  to  go  into  solution  and 
form  rust.  This  effect  may  be  prevented  by  placing  on  the  surface 
of  the  metal  substances  which  make  the  iron  passive  to  electrolysis. 
Soluble  chromates  and  alkalies,  or  basic  substances,  have  this  eff'ect.  If 
chromate  pigments  or  basic  pigments  are  used  in  paint  coatings,  their 
effect  when  applied  to  metal  is  to  render  the  iron  passive  and  thus  prevent 
electrolysis  anti  corrosion.  Zinc  chromate  and  basic  chromate  of  lead 
(American  vermilion)  are  prominent  examples  of  rust  inhibitive  pigments 
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of  the  chromate  type.  Basic  sulphate  of  lead  (sublimed  blue  lead)  and 
sine  oxide  are  promiaent  examples  of  basic  rust  inhibitivc  pigments. 
These  pigments  are  used  in  combination  with  the  more  inert  or  neutral 
pigments  such  as  iron  oxide  and  silica,  as  the  pigmiht  portion  of  metal 
paints.  They  are  ground  in  raw  linseed  oil  with  a  small  proportion  of 
thinner  and  drier.  Sometimes  heavy  mixing  varnish  is  added  in  small 
quantity,  in  order  to  make  the  paint  coating  more  impervious  to  mois- 
ture and  the  gases  of  the  atmosphere,  which  have  corrosive  tendencies. 
Red  lead  which  contains  85  per  cent  of  FbaOi  and  15  per  cent  of  litharge 
is  very  basic  on  account  of  its  Hthai^e  content.  Such  red  lead  is  highly 
in  favor,  as  the  pigment  to  use  In  the  first  or  priming  coat  for  metal  sur- 
faces. This  type  of  red  lead  is  sometimes  mixed  with  an  equal  proportion 
of  asbestine  and  ground  in  linseed  oil  to  form  prepared  red  lead  paints. 
When  such  paints  are  used,  they  give  excellent  results,  especially  when 
they  are  subsequently  coated  with  rust  inhibitive  prepared  paints  such 
as  have  been  previously  referred  to. 

Bituminous  Paints.  Water  pipes  and  carriers  which  are  to  be  buried 
in  the  ground;  cement  masonry  below  the  surface  of  the  earth,  which  is 
subjected  to  hydrostatic  pressure ;  various  forms  of  tunnel  structures  which 
are  subject  to  very  moist  comtitions;  and  similar  tyj>e8  of  heavy  metal, 
generally  require  a  very  thick  protective  coating.  For  this  purpose,  coal 
tar  and  asphalt  composition  paints  are  used.  Crude  tar,  heated  to  expel 
its  moisture,  and  treated  with  lime  and  cement  to  neutralize  its  acidity, 
is  reduced  with  light  oils  and  benzol,  thus  forming  quick  drying  paints 
suitable  for  many  of  the  purposes  mentioned.  Utah  gilsonite  (asphalt), 
dissolved  in  turpentine  or  fused  with  drying  oils  and  reduced  with  thinners, 
form  very  high  grade  bituminous  coatings,  well  suited  for  protecting  iron 
and  cement  which  is  to  be  immersed  in  water  or  acid  solutions.  These 
coatings  are  also  used  as  baking  japans  upon  hardware  and  other  forms 
of  metal  equipment.  Heated  masses  of  asphalt,  blown  petroleum  oil, 
and  rodn  are  sometimes  used  as  a  bath  In  which  hot  iron  water  carriers 
are  immersed  m  order  to  provide  the  carriers  with  a  thick  heavy  coating 
which  may  be  subsequently  baked  to  increase  its  toughness.  Such 
coatings  are  extremely  resistant  to  moisture. 

Marine  Paints.  When  the  bottoms  of  ships  become  fouled  with 
attached  animalculfe  and  marine  growths,  theu:  speed  is  retarded  to  a 
great  extent.  The  decay  of  timbers  and  the  pitting  of  iron  plates  caused 
by  such  growths,  are  serious  in  many  instances.  Such  conditions  have 
made  necessary  the  use  of  paints  which  would  tend  to  keep  the  ships' 
bottoms  clean  and  less  subject  to  attack  by  marine  organisms.  Copper 
salts,  on  account  of  their  fungicidal  properties,  were  at  one  time  added  to 
boat  paints.  In  other  cases  there  was  added  small  quantities  of  bichloride 
of  mercury,  ground  in  with  the  pigment.  The  water,  however,  would  soon 
leach  out  the  content  of  soluble  mercuric  salts.  The  present  practice  is 
to  provide  a  poisonous  constituent  in  the  form  of  mercuric  oxide,  a  red 


412  INDUSTRIAL  CHEMISTRY 

pigmeDt  which  may  be  eaaily  groimd  with  the  other  pigments,  and  which 
in  the  presence  of  salt  water  gradually  fomiB  amall  percentages  of  the  more 
poisonous  bichloride,  thus  maintaining  the  "poison"  efficiency  of  the  paint 
over  a  longer  periotfof  time.  Cyanide  of  copper  is  also  useful  as  the  toxic 
ingredient  of  bottom  paints.  Zinc  oxide  and  iron  oxide  generally  consti- 
tute the  major  part  of  such  paints.  As  these  paints  are  used  below 
the  water  line  they  are  made  with  a  rapid  drying  varnish  vehicle  prc^ 
duced  by  dissolving  shellac  in  alcohol.  Pine  tar  oil  and  turpentine  ■ 
are  also  used  in  these  paints  to  some  extent.  Upon  iron  vessels,  pre- 
vious to  the  appUcation  of  the  anti^ouling  paint,  there  is  generally 
applied  a  coat  of  anti-corrosive  paint.  Hie  pigments  used  for  this 
paint  are  generally  zinc  oxide, ,  iron  oxide,  red  lead,  metallic  zinc  powder 
and  zinc  chromate.  The  pigments  are  mixed  with  shellac  varnish. 
After  dry-docking,  the  bottoms  of  small  ships  are  sometimes  scnq>ed, 
primed  with  anti-corroave  paint,  finished  with  anti-fouling  paint  and 
placed  back  in  the  water  within  a  period  of  twenty-four  hours. 

Floor  Paints.  Paints  highly  resistant  to  abrasion  are  required  for 
application  to  verandah's,  kitchen  floors,  and  similar  surfaces  which  are 
subject  to  constant  wear.  Such  paints  are  made  upon  a  zinc,  lead  and 
inert  pigment  base,  the  inert  pigment  being  either  barytes  or  silica — 
pigments  which  are  very  resistant  to  abrasion.  The  pigment  base  is 
generally  ground  to  a  paste  in  linseed  oil,  and  then  mixed  with  a  durable 
kauri  'gum  mixing  varnish  and  thinned  with  turpentine.  When  ^plied 
to  wooden  floors,  these  paints  dry  to  a  very  glossy  surface  which  becomes 
hard  and  extremely  resistant  to  wear. 

Water  Paints.  Whitewash  was  fonnerly  one  of  the  roost  widely  used 
of  cold  watec  paints.  There  are  many  different  formulas  for  the  pro-, 
duction  of  whitewash,  the  usual  process  being  to  mix  slaked  lime  or 
whiting  with  a  solution  of  glue.  Casern  is  sometimes  added  to  increase 
the  bindii^  properties,  and  Portland  cement  and  salt  in  small  quantitiea- 
have  also  been  added  for  special  purposes.  Calcimine,  a  popular  type 
of  cold  water  paint,  is  widely  used  for  interior  wall  work.  Calcimines 
are  prepared  as  dry  powders  from  gypsum  or  whiting  as  the  pigment  base. 
They  often  contain  a  considerable  percentage  of  zinc,  lithopone,  clay  and 
silica,  and  are  tinted  with  limeproof  colors  such  as  the  mineral  oxides, 
umber,ochre,etc.  The  pigments  are  mixed  with  glue  and  the  finbhed  prod- 
uct sold  in  a  dry  powdered  form,  ready  for  use  after  mixing  with  water. 
In  place  of  glue,  casein  has  been  extensively  used  as  a  binder.  Although 
cold  water  p^nts  of  various  types  are  widely  used  on  account  of  their  low 
cost,  they  are  not  washable  and  do  not  form  as  durable  films  as  oil  paints. 

Wood  Stains.  For  treating  interior  woodwork  in  order  to  imitate 
mahogany,  cherry  and  other  expensive  woods,  there  are  widely  used 
special  forms  of  prepared  wood  stains.  Pigment  stains  are  prepared  from 
natural  earth  colors  such  as  sienna,  umber  and  ochre,  sometimes  mixed 
with  aniline  colors.    These  pigments  are  groimd  m  boiled  linseed  oil  and 
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thinned  with  turpentine,  gloss  oil,  benzine,  and  benzol.  The  application 
of  such  stuns  to  wood,  fills  the  pores,  producing  a  smooth'surface,  and  at 
the  same  time  stfuns  the  wood  to  a  natural  color,  making  a  highly  desirable 
finish  over  which  floor  varnishes  are  usually  applied  to  produce  hard- 
wearing  surfaces.  By  grinding  the  pigment  base  in  a  hard,  quick  drying 
varnish,  combination  vamish-pigment  stains  are  produced  which  fill, 
stun  and  varnish  wood  in  one  operation.  Transparent  wood  stains  are 
produced  by  addii^  to  alcoholic  solutions  of  shellac,  small  quantities  of 
amline  colors.  Very  durable  mahogany  stuns,  well  suited  for  apphcation 
to  floors,  may  be  produced  in  this  manner.  Water  stains  for  various 
kinds  of  hardwood  trim,  that  is  to  be  wax  finished,  are  also  used  to  a 
conEdder^le  extent.  These  are  in  some  cases  made  from  water  soluble 
aniline  compounds.  The  most  durable  water  stains  are  made,  however, 
by  dissolving  in  water  such  chemicals  as  bichromate  of  potash,  sulphate 
of  iron,  copper  sulphate,  etc. 

Shingle  Stains.  A  wide  demand  for  a  rather  transparent  preservative 
stun  for  shingles  has  been  brought  about  through  the  use  of  shii^Ies 
to  BUL-h  a  large  extent  on  bungalows  and  suburban  villas.  These  stains 
are  usually  made  by  adding  a  small  quantity  of  color  ground  in  linseed 
oil  to  a  lai^e  proportion  of  coal  tar  creosote,  an  organic  substance  which 
has  proved  an  excellent  preservative  for  wood.  The  product  thus  obtained 
may  be  thinned  with  benzine  or  benzol  and  gloss  oil  or  similar  drier  is 
generally  added  in  order  to  accelerate  the  drying  of  the  product.  Shingles 
dipped  or  brushed  with  such  stains  present  a  very  pleasing  appearance 
and  give  excellent  service  for  years.  For  shingle  roofs  there  is  coming 
into  wide  vogue  the  use  of  oil  paints  containing  a  very  high  percentage 
of  mineral  pigments  which  are  not  reducible  or  afFect«d  by  heat.  When 
such  paints  are  apphed  to  shingled  roofs,  a  coating  quite  resistant  to 
fire  is  produced.  Ttie  high  percentage  of  mineral  pigment  present 
in  the  coating  protects  the  wood  from  the  effect  of  flying  cinders  or 
sparks. 

The  following  bibliography  of  the  writer's  publications  may  be  referred  to 
for  detailed  reports  ou  subjects  touched  upon  in  the  foregoing  chapter: 

Bulletins  Nos.  1  to  51  of  the  Scientific  Section,  Paint  Manufacturers'  Associa- 
tion of  the  U.  S. 

Circulars  Nos.  1  to  54  of  the  Scientific  Section,  Paint  Manufacturers'  Asao- 
dation  of  the  U.  S. 

Corroeiw  and  Preeervation  of  Iron  and  Steel,  by  Allerton  S.  Cushman  and 
Henry  A.  Gardner.    McGraw-Hill  Book  Co.,  New  York,  1910. 

Paint  Technokigy  and  Tests,  by  Henry  A.  Gardner.  McGraw-Hill  Book  Co., 
NewYoik,  mi. 

The  Analyms  of  P^nt«  and  Painting  MateriaU,  by  Henry  A.  Gardner  and  John 
A.  Schaeffer.    McGraw-HiU  Book  Co.,  New  York,  1910. 

The  Preservation  of  the  Exterior  of  Wooden  Buildii^,  by  Allerton  S.  Cushman 
and  Henry  A.  Gardner. 
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The  Sanitary  Value  of  W^  Ptdots,  by  Henry  A.  Gardner. 

The  Practical  Testing  of  Drying  and  Semi-drying  Paint  Oils  (Washington 
Test  Fence);  Report  of  Subcommittee  C  on  Paint  Oila;  Report  of  Subcommittee 
D  on  the  Atlantic  City  Steei  Paint  Teats.  Proc.  Amer.  See.  Test.  Mater.,  Vol. 
XI,  Iflll. 

What  Makes  White  Lead  Chalk  and  How  Chalking  may  be  Prevented,  by 
Henry  A.  Gardner.    Jour.  Franklin  Institute,  January,  1912. 

The  Effects  of  Pigments  Ground  in  Xinaeed  Oil,  by  Henry  A.  Gardner.  Jour. 
Indus,  and  Engrg.  Chem.,  Vd.  3,  No.  »,  September,  1911. 

The  Value  of  Certam  Paint  Oils,  by  Henry  A.  Gardner.  Jour.  Franklin 
Institute,  January,  1911. 

The  Effect  of  Pigments  upon  the  Constanta  of  Linseed  Oil,  by  Henry  A. 
Gardner.    Jour.  Franklin  Institute,  Ocober,  1912 

The  Rarer  Paint  Oils,  by  Henry  A.  Gardner.  Original  Communication, 
Eighth  Intemat.  Cong.  Applied  Chem. 

The  Decoration  of  the  Interior  of  Hospitals  and  Public  Buildings,  by  Henry 
A.  Gardner.  Jour,  Amer.  Med.  Assn.,  Vol.  LVIII,  pp.  338  and  339,  February  3, 
1912. 

Notes  on  Some  Physical  Characteristics  of  Figments  and  Paints,  by  Henry  A. 
Gardner.    Jour.  Indus,  and  Engrg.  Chem.,  Sept.,  1916. 

Storage  Changes  in  Vegetable  and  Animal  Oils,  by  Henry  A.  Gardner.  Jour. 
Indus,  and  Engrg.  Chem.,  Nov.,  1916. 

A  Study  of  Some  Curious  Painting  Phenomena,  by  Henry  A.  Gardner,  Jour. 
FrankUn  Institute,  June,  1915. 

Paint  Researches  and  Their  Practical  AppUcation,  by  Henry  A.  Gardner. 
Judd  &  Detweiler,  Washington,  D.  C,  1917. 

BIBLIOGRAPHY  OF  OTHER  BOOKS  RELATING  TO  PAINT 
TECHNOLOGY 

Painters'  Colours,  Oils  and  Varnishes.    Hurst.    J,  B.  Lippincott  Co. 

Manufacture  of  Varnishes.  Livache  and  Mcintosh.  Vols.  I,  II  and  III.  Scott, 
Greenwood  &  Sons. 

Mixed  Paints,  CJIor  Pigments  and  Varnishes.     Holley  &  Ladd.     Wiley  4  Sons. 

Drying  Oils,  Boiled  Oils,  Etc.     Andes.    Scott,  Greenwood  &  Son. 

Rustless  Coatings.     Wood.    Wiley  &  Sons. 

The  Chemistry  of  Paints.    Toch.     D.  Van  Nostrand  Co. 

Report  of  Committee  D-I  of  the  American  Society  for  Testing  Materials, 
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CHAPTER  XVII 

THE  METALLURGY  OF  IRON  AND  STEEL 

BEADLEY  8T0UGHT0N 

ifetaUurjrtcoI  Enffineer,  Neu>  York  City. 

Iron  is  a  metal  and  one  of  the  conunoneat  of  the  chemical  elements 
on  the  earth's  surface.     From  the  magnetism  of  the  earth  we  may  also 


SKELETON  OF  AMERICAN  IRON  AND  STEEL  MANUFACTURE. 
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infer  that  its  interior  is  probably  an  iron  ball,  and  that  the  supply  is  limit- 
less provided  we  can  get  at  it.  The  most  important  chemical  properties 
of  iron  from  a  practical  standpoint  are:  First,  its  liability  to  oxidation  in 
damp  air  (i.e.,  nistir^);  second,  the  ease  with  which  its  oxides  (ores)  are 

'  A  Duplex  process  involves  the  use  of  the  basic  open  hearth  preceded  by  the  Bes- 
semer process.  Another  Duplex  process  involves  the  super-refining  of  Bessemer  or 
basic  open-hearth  sted  in  an  electric  fumux. 
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reduced  at  all  temperaturcB  above  500°  F.  (260"  C),  and  third,  its  very 
powerful  chemical  affinity  for  carbon. 

Its  moat  important  physical  properties  are  its  strength,  magnetism, 
and  ability  to  become  hardened  and  to  retain  a  durable  cutting  edse  after 
appropriate  manufacture  and  treatment.  In  these  three  properties  it 
can  be  made  to  excel  all  other  known  substances.  Add  to  them  its  cheap- 
ness, and  we  can  understand  the  importance  of  the  ferrous  metals  to 
industry  and  to  civilization.  Another  characteristic  of  iron  which  is 
of  almost  equal  importance  is  its  very  unusual  adaptability.    To  illus- 


Fio.  184.— Blast  Furnace  and  its  Hot  Blaat  Stovea. 

trate  this  briefly :  Iron  can  be  made  either  the  strongest  or  one  of  the  weak- 
est of  metals;  either  the  most  magnetic  or  one  of  the  non-magnetic  metals; 
one  of  the  hardest  or  one  of  the  softest;  one  of  the  toughest  or  one  of  the 
most  brittle;  it  may  have  a  coefficient  of  expansion  with  changes  in 
atmospheric  temperature  varying  from  almost  zero  to  a  maximum,  and 
it  may  be  given  a  combination  of  some  of  these  different  properties  at 
will,  according  to  the  purpose  for  which  it  is  to  be  fitted  in  service.  And 
most  of  these  variations  are  brought  about  by  changing  the  amount  of 
foreign  elements  by  less  than  5  per  cent  of  the  mass,  or  by  giving  it  a 
different  heat  treatment,  or  by  both  together. 

Ores.     The  chief  ores  are  the  oxides,  FeaOa  and  Fe.'jO*.     In  only 
a  few  localities  is  the  carbonate  important.    Unless  the  proportion  of 
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iron  is  at  least  35  to  45  per  cent,  the  ore  can  not  be  smelted  with  profit, 
except  where  the  cost  of  mining  plus  mechanical  concentration  is  low. 

Blast  Furnace.  Over  95  per  cent  of  all  the  iron  ore  treated  goes  into  the 
blast  furnace,  where  it  is  smelted  with  coke  and  preheated  air,'  and  a  rrfa- 
tively  impure  grade  <rf  metal,  known  as  pig  iron,  is  produced.    The  modem 


American  blast  furnace  conforms  in  a  general  way  to  the  lines  and  dimen- 
sions of  Figs.  185,  186.  A  column  of  coke  fills  the  body  of  the  furnace  from 
the  bottom  of  the  hearth  to  the  top  of  the  bosh  (see  Fig.  187),  and  above  this 

'  More  rarely  charcoal  fuel  and  cold  air  are  employed,  and  under  certain  con- 
dilionB,  a  mixture  of  ook«  and  anthracite,  instead  of  coke  alone. 
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are  alternate  layers  of  coke  and  iron  ore,  together  with  an  appropriate 
flux,  which  is  generally  limestone. 

The  preheated  air,  at  a  temperature  of  usually  800  to  1600"  F,  (425 
to  850°  C.)  and  at  a  pressure  of  about  15  lbs.  per  square  inch,  enters 
through  the  tuyere  pipes  at  the  top  of  the  hearth,  combines  with  the 
fuel  and  creates  a  volume  of  intensely  hot  reducing  gases,  which  pass 
up  through  the  interstices  of  the  charge,  melting,  heating  and  reducing 
the  ore  which  it  meets,  and  finally  passit^  out  at  the  throat  of  the 


^ZFtiz03*QCO'7a>2*4Fe*C(begins) 
'^ZFi20i*C0-2Fe0  '^COg^^FgzOj  (begins) 

750*  {&FegC^t3C'2Fe*3C0 

I090*k|  Vya''jA)CtCOz-Za> (rapid) 

"^''n,  .  Deposition  ijf  Carbon  txaSes. 
1300°  (7)  FeOK-Fe  tCO(begins) 

■50  wio'f: 

1475   KO  FeO*C-Fs-'-CO(complste) 
[e,)CaCOf'CaO*C02 

1030'  f4)  CtOJg  -ZW  (prevails) 

CO2  cannot  exist  b^ow  thie  /avt 
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Pio.  188. 


furnace.  The  temperatures  at  different  points  in  the  furnace  and  the 
various  reactions  which  take  place,  are  shown  in  a  general  way  in  Fig. 
186.  Below  the  top  of  the  bosh  the  fuel  is  the  only  material  not  in 
liquid  form.  The  iron,  containing  about  3.50  to  4.50  per  cent  of  carbon 
and  varying  amounts  of  silicon,  sulphur  and  other  elements,  according  to 
the  reactions  of  the  smelting  zone,  collects  in  the  bottom  of  the  hearth, 
and  on  top  of  it  the  cinder,  consisting  of  the  impurities  in  the  ore 
together  with  the  ash  of  the  coke  and  the  lime,  magnesia  and  impurities 
of  the  flux.  All  sulphur  which  is  brought  to  the  condition  of  CaS  goes 
into  the  cinder,  and  all  that  in  the  form  of  FeS  goes  into  the  iron. 
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With  this  exception  the  cinder  containe  all  the  oxidized  materials  and 
the  metal  all  those  in  reduced  condition. 

The  cinder,  because  of  its  low  specific  gravity,  floats  on  top  of  the 
metal  and  is  drawn  off  about  15  times  in  twenty-four  hours  and  disposed 
off.  The  metal  is  tapped  out  of  the  bottom  of  the  furnace  about  every 
six  hours  and  is  either  cast  in  the  form  of  pigs  or  transported  to  a  nearby 
steel  mill  n  the  liquid  form. 

The  gas  received  at  the  throat  contuns  about  22  to  27  per  cent  of  CO 
and  has  a  calorific  power  of  85  to  95  B.T.U.  per  cubic  foot.  About 
one-third  of  it  is  used  for  heating  the  four  hot  blast  stoves  which  pre- 
heat the  air  used  for  smelting,  and  the  remaining  two-thirds  is  consumed 
under  boilers  or  in  gas  engines,  for  the  generation  of  power. 

Because  of  its  impurity  and  therefore  its  friability,  pig  iron  cannot 
he  worked  or  wrought.  Many  millions  of  tons  per  year  are  used  in  the 
form  of  iron  castings,  and  the  remainder  purified.  The  purification 
consists  in  oxidizing  the  carbon,  silicon,  and  some  other  impurities. 


Manufacture  of  Wrou^t  Iron.  In  the  puddhng  process,  Fig.  188,  the 
impurities  are  oxidized  by  melting  pig  iron  on  a  bed  of  iron  ore.  The 
ore  gives  up  its  oxygen  to  the  impurities  and  some  iron  is  reduced  from  it. 

Fe203+3C  =  3CO+2Fe 
2Fe303+3Si  =  3Si02-F-4Fe 
5Fe3O3+6P  =  3p2O5+10Fe 

At  the  end  of  about  one  hour  and  a  half  the  carbon,  silicon  and  man- 
ganese are  almost  entirely  eliminated,  as  well  as  a  portion  of  the  phos- 
phorus  and  sulphur.  The  iron  is  then  drawn  from  the  furnace  in  a  pasty 
state,  because  the  heat  is  not  sufBcient  to  maintain  it  in  the  liquid  form 


;,V.OOglC 


420 


INDUSTRIAL  CHEMISTRY 


in  a  purified  condition.'  Wrought  iron  so  produced  ia  one  of  the  purest 
of  the  iron  and  st«el  products.  Its  distinguishing  characteristic  is  the 
webs  and  strings  of  slag  mixed  with  it,  which  are  drawn  out  by  the 
rolling  process,  and  give  the  metal  its  fibrous  structure. 

Crucible  Steel.  On  account  of  its  freedom  from  carbon,  wrought  iron 
lacks  great  strength  and  cannot  be  made  to  take  a  temper.  If  it  be  melted 
in  crucibles  with  charcoal,  pig  iron,  or  some  other  substance  rich  in  carbon, 
so  that  the  resulting  metaJ  will  contain  from  0.75  to  1.50  per  cent  carbon, 
it  makes  a  steel  which  is  lai^ely  used  for  cutting  tools  and  similar  pur- 
poses, and  is  the  highest  in  quali- 
ty and  price. 

Bessemer  Steel.  Pig  iron  is 
also  purified  by  theBessemer  proc- 
ess, Figs.  189  and  190,  in  which 
cold  air  is  blown  through  a  bath  of 
liquid  pig  iron.  The  oxygen  of  the 
air  oxidizes  thesilicon, manganese 
and  carbon  and  these  oxidized 
materials  separate  in  the  form  of 
a  slag,  with  the  exception  of  the 
latter,  which  passes  off  as  gas 
(chiefly  CO)!  The  complete 
purification  of  10  to  20  tons  of 
liquid  pig  iron  requires  only  seven 
to  fifteen  minutes  of  blowing. 
The  heat  produced  by  the  oxida- 
tion of  the  impurities  is  sufficient 
not  only  to  keep  the  bath  in  the 
liquid  condition  during  the  opera- 
tion but  also  to  raise  its  tem- 
perature more  than  575'  F.  (300° 
C).  The  liquid  metal,  however, 
Pio.  189.-A  Boeemer  Blow.  dissolves    a    good    deal    of    iron 
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oxide,  which  has  a  very  tiarmful  effect  upon  ita  qualities,  but  is  neariy 
all  removed  by  the  addition  of  manganese  at  the  end  of  the  "  blow." 

"the  appearance  of  the  "converter"  flame  gives  an  index  by 
which  the  operation  insy  be  followed  and  controlled.  When  the 
oxidation  of  impurities  is  completed,  the  flame  shortens,  or  "drops," 
and  the  blowing  ia  discontinued.  Then  is  added  a  predetermined 
amount  of  manganese  to  remove  absorbed  oxygen;  silicon  to 
prevent  gas  bubbles  or  "blow-holes,"  and  carbon  to  give  the  desired 
degree  of  strength  or  hardness,  or 
both. 

Bauc  Bessemer.  Acid  Bessemer 
slags  are  rich  in  silica,  and  this  pre- 
vents the  elimination  of  phosphorus 
from  the  metal,  because  silica  willforce 
phosphorus  out  of  the  slag  unless  there 
13  a  great  predominance  of  basic  rad- 
icles present  to  unite  with  both  silica 
and  phosphoric  acid.  However,  by 
u  ing  pig  iron  low  in  Bilicon,  and  also 
adding  large  quantities  of  lime  to  the 
bath  in  the  converter,  we  may  make  a 

basic  slag,  which  is  retentive  of  phos-  pro.  190. -Section  Bessemer, 

phonic,  and  permits  it  to  be  removed 

after  oxidizing,  just  as  in  the  puddling  process  already  mentioned.  At  the 
sam?  time  the  lining  of  the  converter  is  made  of  basic  instead  of  acid 
materials  lest  it  be  attacked  by  the  slag.  The  basic  Bessemer  process  has 
not  m^nt^ned  a  foothold  in  America  because  the  supply  of  pig  iron  suffl- 
ciently  rich  in  phosphorus  has  not  been  so  abundant  as  to  create  the 
competition  which  produces  low  prices.^ 

Quality  of  Bessemer  SteeL  Bessemer  steel  is  the  lowest  in  price  and 
poorest  in  quality,  and  in  America  this  process  is  now  rapidly  giving  way 
to  the  basic  open  hearth  process,  chiefly  because  the  supply  of  ore  from 
which  to  make  pig  iron  suitable  for  the  acid  Bessemer  process  is  yearly  run- 
ning lower.  The  great  field  of  the  Bessemer  process  has  been  in  the  manu- 
facture of  railroad  r^U,  wire  and  pipe.  For  the  two  latter  commodities 
it  bids  far  to  retain  its  predominance  for  a  time  at  least,  because  it  is 
especially  adapted  to  the  manufacture  of  steel  low  in  carbon. 

Open  Hearth  Steel.  The  open  hearth  process  depends  upon  Sir 
William  Siemen's  method  of  obtaining  very  high  temperatures  by  the 
r^ener^tive  system.  By  this  means  a  bath  of  iron  may  be  maintained 
in  a  liquid  condition  at  any  degree  of  purity.  The  open  hearth  process 
realHy  conasts  in  remelting  old  steel  scrap  with  varying  amounts  of  pig 
iron.     After  the  charge  is  melted,  the  impurities  are  oxidized  by  the 

'  Because  the  sQicon  in  the  basic  p^  iron  must  be  low,  the  phosphorus  must  be 
high  (1.75  per  ceut  or  more)  in  order  to  supply  the  oeceaaary  heat. 
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addition  of  iron  oxide,  usually  in  the  form  of  ore  or  mill  scale.  It  takea 
from  three  to  four  hours  to  melt  and  about  an  equal  length  of  time  to 
complete  the  puriScatioQ. 

Except  in  England,  where  a  large  amount  of  acid  open  hearth  steel 
is  made  for  ships,  bridges  and  other  structural  purposes,  the  basic  proc- 
ess is  predominant.  The  basic  furnaces  are  lined  with  magnesite  or  dolo- 
mite  and  the  phosphorus  as  well  as  silicon,  manganese  and  carbon,  are 
oxidized  to  as  low  a  point  as  may  be  desired.  An  important,  although 
somewhat  uncertain,  amount  of  sulphur  is  also  carried  into  the  slag  in 
the  form  of  calcium  sulphide,  CaS. 

Manganese  and  silicon  must  be  added  to  the  metal  at  the  end  of  the 
open  hearth  process,  as  in  the  Bessemer  process,  but  even  under  these 
conditions,  basic  open  hearth  steel  is  liable  to  contain  dissolved  oxide  and 
also  to  be  impregnated  with  gas  bubbles  or  "  blow-holes."    For  the  best 


grades  of  structural  steel  and  steel  castings,  the  acid  open  hearth  process 
therefore,  maintains  its  importance,  in  spite  of  the  higher  cost  of  manu- 
facture due  to  the  pricp  of  low-phosphorous  pig  iron  and  steel  scrap. 

Duplex  Process.     The  combination  of  the  add  Bessemer  and  basic 
open  hearth  processes  has  recently  become  of  much  importance,  because 
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it  enables  us  to  get  some  of  the  rapidity  of  working  which  is  character- 
istic of  the  Bessemer  purification,  together  with  the  elimination  of  phos- 
phorus. The  metal  is  usually  first  blown  in  a  Bessemer  converter  until 
the  silicon  and  manganese,  and  about  one-half  of  the  carbon,  are  eliminated, 
after  which  it  is  transferred,  still  in  the  liquid  form,  to  the  open  hearth 
fiunace  where  the  remainder  of  the  carbon  and  the  phosphorus  are  oxidized. 

Electric  Iron  and  Steel.  Electricity  may  be  used  as  a  source  of  heat 
in  the  smelting  of  either  iron  or  steel,  and  in  localities  remote  from  fuel 
supply  and  adjacent  to  other  cheap  sources  of  power,  experiments  of  this 
nature  have  been  made  with  commercial  success.  They  have  excited  a 
great  deal  of  intwest,  although  the  volume  of  production  has  not  yet 
attained  relative  importance.  It  is  believed,  however,  that  electric 
melting  will  give  a  cheaper,  and  a  higher  grade  of  steel  than  the  crucible 
process,  and  important  developments  in  this  field  have  already  begun. 
Electric  furnaces  are  also  the  only  means  of  producing  some  of  the  "  ferro- 
alloys "  because  sufficient  temperature  cannot  be  otherwise  obtained. 

By  means  of  electricity,  temperatures  may  be  obtained,  hitherto 
unattainable  with  fuel,  and  an  operation  may  be  conducted  in  a  non- 


Fia.  192. 

oxidising  atmosphere,.  Therefore  a  duplex  process,  consisting  of  the  puri- 
fication of  steel  at  a  very  high  temperature  in  an  electric  furnace,  subse- 
quent to  either  the  Bessemer  or  the  open  hearth  operation,  has  resulted  in 
a  superior  quality  of  steel  (on  account  of  freedom  from  dissolved  gases 
and  oxides,  phosphorus  and  sulphur)  at  a  medium  cost. 

Malleable  Cast  Iron.    Iron  castings  lack  strength  and  ductility  on 
account  of  the  impuritaes  contained,  and  more  especially  on  account  of 
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the  large  flakes  of  graphite,  which  destroy  the  continuity  of  the  metallic 
mass.  On  the  other  hand,  steel  castings  are  costly  to  make,  not  only 
because  of  the  expense  of  purifying,  but  chiefly  because  of  their  relative 
infusibility  and  high  shrinkage  in  cooling.  A  between-product  has  there- 
fore been  developed  to  which  the  name  of  "  malleable  cast  iron  "  has  been 
given,  because,  although  its  composition  approaches  that  of  ordinary 


Fia.  193.— Pig  Caating. 
cast  iron,  it  differs  from  it  in  having  a  limited  amount  of  malleability. 
It  also  has  greater  strength  than  cast  iron  and  a  slight  degree  of  ductility. 
Malleable  cast  iron  is  made  by  first  making  castings  of  white  cast  iron 
in  which  the  carbon  is  usually  under  3  per  cent  and  all  in  the  combined 
form.  These  castings  are  then  maintained  at  a  bright  red  heat  for  two 
or  three  days  or  more,  which  results  in  the  carbon  being  precipitated  in 
very  minute  flakes  of  graphite,  known  as  "  temper  carbon."  Temper 
carbon  differs  from  graphite  chiefly  in  the  small  size  of  its  particles,  and 
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the  characteristics  of  malleable  cast  iron  are  due  to  this  difference  and 
also,  in  leaset  degree,  to  the  circumstance  that  the  amount  of  carbon  and 
phosphorus  is  less. 

The  Coostitutum  of  Iroa  and  Steel.  Iron  and  steel  are  not  simple 
bodies  but  are  of  composite  structure,  formed  of  aggregations  of  different 
crystals.  The  nature  of  their  constitution  may  be  best  understood  by 
applyii^  the  modem  theory  of  solutions.  Space  does  not  permit  of  our 
expounding  thb  theory  here,  but  those  who  have  mastered  it  will  under- 
stand its  expression  in  the  diagram  shown  in  Fig.  194.  The  upper 
V-shaped  curve  of  this  diagram  represents  the  freezing  of  the  various 
alloys,  or,  as  we  sometimes  express  it,  their  crystallization  from  the  liquid 
state.  The  upper  left-hand  freezing  point  locus,  AB,  represents  the 
crystallization  of  iron  cont^oing  about  2  per  cent  of  carbon  in  solid  aolu- 


Fio.  194. 

tion.  The  upper  right-hand  locus,  BG,  represents  the  crystallization  of  a 
compound  known  as  cementite,  having  the  chemical  formula  FeaC.  The 
lower  line,  oBD,  represents  the  freezing  of  the  eutectic,  which  consists 
of  a  mixture  of  the  solid  solution  before  mentioned,  and  cementite. 
The  ultimate  analysis  of  this  eutectic  shows  95.7  per  cent  iron,  4.3  per 
cent  carbon.' 

'Those  who  have  not  mastered  the  modem  theory  o(  Bolutions  should  refer  to 
Howe's  "Iron,  Steel  and  Other  Alloys"  and  to  later  researches  on  Metallography 
givea  in  the  list  of  references. 
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The  lower  V-ahaped  curve  represents  the  decompoation  of  the  2  per  cent 
solid  solution  of  iron  and  carbon  previously  referred  to.  The  line  GOS 
is  the  locus  of  the  precipitation  of  pure  iron  (to  whose  cryrftala  the  name  of 
ferrite  is  given).  The  line,  Sa,  is  the  locus  of  the  precipitation  of  cementite, 
FegC.  The  horizontal  line  PSK,  is  the  locus  of  the  formation  of  what 
Professor  Howe  has  very  aptly  called  the  "  eutectoid,"  consisting  of  7  parts 
by  weight  of  ferrite  and  1  part  by  weight  of  cementite  and  showing  on  ulti- 
mate analysis  about  0.85  per  cent  of  carbon. 

It  is  to  be  remarked  that  the  ordinate  extending  through  the  point  a 
is  especially  chosen  as  the  boundary  line  between  steel  and  cast  iron. 
In  other  words,  all  the  alloys  ta  the  left  of  the  point  a  (that  is  to  say,  all 
those  with  less  than  2.20  per  cent  carbon)  are  classified  as  steel,  and  all 
those  to  the  right  of  this  point  are  classified  as  cast  iron.  It  will  be  noted 
that  the  foregoing  paragraphs  do  not  allow  for  the  presence  of  graphite 
in  cast  iron.  The  occurrence  of  this  metalloid  has  been  the  source  of  much 
research  and  discussion  for  which  we  have  not  space  here.  Suffice  it  to 
say  that,  in  gray  cast  iron,  the  cementite  which  should  be  present  accord- 
ing to  the  considerations  mentioned  above,  is  replaced  in  part  (and  some- 
times in  very  large  part)  by  graphite.  Tfiis  applies  not  only  to  the  cemen- 
tite theoretically  born  during  solidification,  but  also  that  which  is  born  in 
region  SaDK,  and  during  the  formation  of  the  eutectoid  designated  by 
ine  PSK.  The  presence  of  silicon  in  cast  iron  is  one  of  the  strongest 
factors  in  promoting  the  presence  of  graphite  instead  of  cementite.  Rapid 
cooling  from  the  liquid  state  on  the  other  hand  will  tend  to  counteract 
this  effect  of  silicon  and  produce  an  iron  in  which  the  carbon  is  in  the 
form  of  cementite,  or  else  is  held  in  solid  solution. 

From  the  foregoing  explanation  we  may  observe  that  the  iron  alloys 
with  less  than  0.85  per  cent  carbon  '  consist  of  ferrite  and  the  eutectoid.^ 
The  alloys  between  0.85  per  cent  and  2,20  per  cent  carbon^  will  consist 
of  pearlite  and  cementite.  From  these  two  classes  graphite  is  not  only, 
theoretically  absent,  but  in  fact  seldom  occurs  there.  The  alloys  contain- 
ing more  than  2.20  per  cent  carbon  include  the  whole  class  of  cast  irons, 
which  will  be  termed  "  gray  cast  irons  "  if  they  contain  1  per  cent  or  more 
of  graphite,  and  "  white  cast  irons  "  if  their  carbon  is  practically  all  in 
the  form  of  cementite,  or  in  the  dissolved  condition.  When  they  contun 
but  a  fraction  of  a  per  cent  of  graphite,  the  cast  irons  will  have  a  white 
surface  on  a  freshly-broken  fracture,  with  gray  spots  here  and  there,  and 
to  them  is  given  the  name  of  "  mottled  cast  irons." 

Prcqwrties  of  Fenite.  Ferrite  is  a  weak,  but  very  tough  and  ductile 
substance,  having  a  high  magnetic  power  and  a  relatively  high  conduc- 
tivity for  electricity  as  compared  with  the  other  constituents  in  iron  and 

'  That  ia,  wrought  iron,  soft  steel,  structural  steel,  machinery  steel,  railroad  nils 
and  cvcii  a  great  majority  of  spring  steel. 

•  The  name  of  "  pearlite"  is  also  given  to  the  eutectoid. 
'  C  omprising  chiely  the  Bteela  used  for  cutting  tools. 
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steel.  We  conceive  that  the  weakness  of  ferrite  is  due  in  part  to  the  large 
size  in  which  its  crystah  ordinarily  occur,  and  that  this  size  is  due  in  turn 
to  their  opportunity  for  growth,  because  they  are  bom  at  a  bright  red 
heat  in  a  restively  mobile  mass.  We  come  to  this  hypothesis  because 
rapid  cooling  from  just  above  the  line  GOS  will  not  only  decrease  the  size 
of  the  crystals  of  ferrite,  but  will  greatly  increase  the  strength  of  the  iron. 

Properties  <rf  Pearlite.  The  eutectoid  b  characterized  by  a  very  minute 
crystal  size,  so  that  high  powers  of  the  microscope  are  ordinarily  necessary 
to  discover  its  component  crystals.  This  minute  size  is  probably  one 
of  the  reasons  why  steel  with  0.90  per  cent  carbon  has  the  greatest  strength 
of  all  the  normal  slowly-cooled  iron  and  steel  alloys. 

Pnqterties  of  Cementite.  Cementite  b  very  brittle  and  hard,  scratch- 
ing glass  with  ease.  It  is  magnetic  but  not  nearly  as  strongly  so  as 
ferrite,  and  it  is  very  fra^le  under  shock.  It  is  naturally  of  great  service  ■ 
in  cutting  tools;  but  only  within  limits,  because  an  excess  renders  the  tool 
too  fragile  to  bear  the  shocks  of  service.  It  is  also  useful  for  surfaces  to 
resist  abrasion,  and  on  this  account,  the  treads  of  cast  iron  freight  car 
wheels,  parts  of  rock-crushing  machinery,  etc.,  are  locally  chilled  in  order 
to  rapidly  cool  them  and  produce  white  cast  iron. 

Pnqterties  of  Austentite.  Austentite  b  the  aolid  solution  of  carbon' 
in  iron  to  which  we  have  referred.  The  upper  limit  of  carbon  ii 
about  2  per  cent,  although,  by  rapid  cooling  from  the  liquid  state,  and 
other  abnormal  means,  we  may  greatly  increase  the  amount  of  carbon 
retuned  in  solution.  The  lower  limit  of  carbon  is,  of  course,  zero. 
Austentite  b  hard,  but  not  as  much  so  as  cementite,  and  it  is  also 
strong  and  brittle.  As  previously  described  in  connection  with  the  dia- 
gram, austentite  has  no  normal  occurrence  in  steel  at  atmospheric  temper- 
atures, but  is  completely  decomposed  into  pearlite  at  about  1300°  F. 
(700"  C),  when  the  reactions  on  cooling  are  normal. 

Properties  of  Graphite.  Graphite  is  a  soft  substance,  occurring  ia 
broad  thin  flakes  which  are  themselves  composed  of  thinner  flakes,  each 
having  but  slight  adherence  to  the  other.  The  chief  efTect  of  graphite 
in  iron  is  to  make  it  friable,  weak  and  non-ductile.  The  weakening  effect 
of  the  graphite  is  roughly  in  proportion  to  its  amount,  and  also  to  the  size 
of  the  individual  flakes. 

Effect  of  Combined  Carbon  on  Iron.  Combined  carbon  increases  the 
strength  of  steel  up  to  about  0.90  per  cent,  after  which  it  has  a  weakening 
effect.  It  decreases  the  ductility,  toughness,  malleability,  magnetic 
power  and  electric  conductivity;  increases  the  hardness  both  before  and 
after  quenching,  and  increases  the  brittleness. 

Effect  of  Odier  Common  Ccmstituents.  Manganese  is  added  to  steel 
for  the  purpose  of  removing  dissolved  oxide  and  also  for  neutralizing  the 
harmful  effect  of  the  oxygen  which  it  is  not  able  to  remove,  as  well  as 
that  of  sulphur,  because  oxide  and  sulphide  of  manganese  are  not  as 
bturoful  to  iron  and  steel  as  the  oxide  or  sulphide  of  iron.    Sulphur    . 
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increases  the  "  red-shortness  "  of  iron  and  steel,  i.e.,  their  brittleneas  at  a 
red  heat  and  phosphorus  increasee  the  "  cold-shortness,"  especially  when 
the  metal  is  subjected  to  shock.  The  upper  limit  of  sulphur  and  phos- 
phorus in  steel  should  be  0.10  per  cent  and  in  high  grades  it  is  customary 
to  specify  that  these  elements  shdl  be  below  0.035  per  ,cent.  Silicon  and 
—  aluminium  are  added  to 

prevent  the  retention  of 
gas  bubbles  or  blow- 
holes  in  steel.  Silicon  is 
also  added  to  cast  iron  in 
order  to  precipitate  the 
carbon  in  the  graphitic 
form,  or  to  "  soften  " 
'  jfi  the  metal  as  it  is  called. 

In  this  respect  it  b 
opposed  by  the  action  of 
sulphur  which  tends  to 
produce  white  cast  iron. 
Titanium  and  Vana- 
*  dium.     Titanium  is  the 

newest     element     com- 
c  monly  added  to  iron  and 

—  steel    and    it   seems   to 

have  a  powerfulinfluence 
in  removing  the  last 
trace  of  dissolved  oxygen 
and  nitrogen,  as  well  as 
increasing  the  fluidity  of 
en  tanked  oxides  and 
slag  in  steel  castings  and 
'  w        ingots     which      enables 

these  impurities  to  sepa- 
rate more  easily  from 
the  mass.  Titanium  has 
already  proved  very 
beneflcial  m  its  addition 
in  proportions  of  a  few 
tenths  of  &  per  cent  to 
railroad  rails,  and  appears  to  have  a  bene6cial  effect  in  chilled  cast  iron 
and  cast  iron  generally.  Vanadium  also  appears  to  have  a  powerful 
effect  in  removing  dissolved  oxygen  and  seems  to  confer  great  strength 
on  steel  when  used  in  combination  with  nickel  or  chromium. 

Nickel  SteeL  The  addition  of  nickel  to  steel  in  amounts  up  to  3} 
per  cent  increases  its  strength  and  elastic  limit  without,  at  the  same  time, 
decreasing  the  ductility  as  much  as  would  be  the  case  if  the  additional 


Pio  195. 

1.  Electrolytic  Iron;  mostly  Ferrite.  2.  St«el  of 
1.50percentCarboD-ComentJI«and  Pe&rlit«.  3.  Bub- 
bles of  MtiS  in  Ktecl.  4.  Stral  of  0.30  per  cent 
Carbon-Ferrite  &nd  Pearlit*.  5.  Spiegeleisen  (MnFo)), 
C  and  Pearlite.  6.  Phoephoma  Eutectic,  FaP,  and 
Iron. 
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strength  were  obtained  by  increasing  the  carbon.  Nickel  also  reduces 
the  rusting  of  steel  and  the  segregation,  and  increases  the  soundness. 
Nickel-steel  with  42  per  cent  of  nickel  has  proven  invaluable  for  certain 
measuring  instruments,  surveyor's  tapes,  pendulums,  etc',  because  it  is 
practically  without  expansion  or  contraction  with  changes  of  atmospheric 
temperature.  The  alloy  with  37  per  cent  nickel  has  the  same  contraction 
-  and  expansion  with  atmospheric  temperature  changes  as  has  platinum 
and  glass. 

Manganese  Steel.  Steel  with  12  to  15  per  cent  of  manganese  and  in 
the  neighborhood  of  2  per  cent  of  carbon  is  very  resistant  to  wear  and 
so  hard  and  tough  that  it  has  proved  very  advantageous  for  railroad  rails 
on  curves,  parts  of  rock-crushing  machinery,  burglar-proof  safes,  smaller 
sizes  of  armor-plate,  etc.  This  material  is  very  brittle  when  slowly 
cooled  but,  on  heating  to  nearly  a  white  beat  and  plunging  into  water, 
it  becomes  toi^  and  ductile,  thus  reversing  the  (H-dinary  effects. 

Chromiuin  Steel,  phromium  is  added  to  steel  in  amoimts  not  more 
than  li  to  2  per  cent  for  the  purpose  of  intensifying  the  hardness 
produced  by  heat  treatment.  It  is  very  useful  for  such  purposes  as  armor- 
plate,  armor-piercing  projectiles,  parts  of  crushing  machinery,  etc.  The 
combination  of  chromium  with  nickel,  or  with  vanadium,  together  with 
special  methods  of  heat  treatment,  such  as  double  quenching,  oil  treat- 
ment, etc.,  produces  a  chromium  steel  with  enormously  high  tensile 
strength. 

Hig^  Speed  Steels.  Tungsten  or  molybdenum,  when  added  to  steel 
in  proper  proportions,  produces  a  material  which  so  greatly  increases  the 
efficiency  of  cutting  tools  as  to  have  revolutionized  machine  shop  practice 
and  equipment.  These  steels  are  known  as  "  high  speed  steels  "  because 
they  do  their  cutting  work  so  rapidly  that  the  point  of  the  tool  may 
actually  become  a  dull  red  through  the  heat  of  friction  without  losing  its 
efficiency,  and  will  last  a  longer  time  between  grindings.  The  amount 
of  tungsten  in  these  steeb  is  usually  between  14  and  20  per  cent,  or  else 
the  amount  of  molybdenum  will  be  between  6  and  12  per  cent,  while  the 
carbon  will  be  about  0.60  per  cent, 

Silicon  Steel.  Sir  Robert  Hadfield,  the  inventtn-  of  manganese  steel, 
has  also  given  us  another  alloy  steel  which  has  proven  unusually  efficient 
in  magnets,  because  of  its  high  permeability  and  high  electric  resistance. 
His  patent  covers  the  steel  alloys  containing  1  to  5  per  cent  of  silicon, 
and  the  smallest  possible  amounts  of  carbon,  manganese  and  other 
impurities.  The  steel  is  ready  for  use  after  a  double  (and  sometimes  a 
triple)  heat  treatment. 

Heat  Treatment  of  Steel.  Under  the  "  Constitution  of  Iron  and  Steel " 
w*  have  mentioned  that  austentite,  when  slowly  cooled,  will  break  up  into 
a  con^omerate  of  pearlite,  with  either  ferrite  or  cementite,  this  action 
taking  place  at  about  700°  C,  (1292°  F.).  The  chemical  reaction  is  not 
an  instantaneous  operation,  however,  and  may  be  prevented  in  part  by 
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rapid  cooling  from  above  this  temperature  down  to  atmospheric  tempera- 
ture. Since  austentite  is  much  harder  and  stronger  than  its  products  aS 
decomposition,  the  hardness  of  this  treated  steel  may  be  controlled  fc^ 
the  rate  of  cooling,  such  as  quenching  in  ice  water,  warm  water,  light  oila, 
heavy  oils,  etc.,  or  else  we  may  quench  in  water  in  the  first  instance  and 
then  "  temper  "  the  iatease  hardness  thus  produced  by  reheating  the  steel 
to  temperatures  varying  between  220  and  330°  C.  (430  and  625°  F.). 
At  these  low  temperatures  steel  takes  on  a  variety  of  colors  due  to  the 
thin  film  of  oxygen  which  forms,  and  it  deepens  from  a  light  straw  at  220° 
C,  to  a  deep  blue  at  320"  C.    These  are  known  as  the  temper  colors. 

Corrosion  <A  Iron  and  Steel.  The  corrosion  of  iron  is  its  greatest 
weakness  from  the  industrial  standpoint  and  involves  a  loss  of  millions 
of  dollars  each  year.  •  A  great  difference  of  opinion  exists  as  to  whether 
steel  or  wrought  iron  rusts  the  faster,  but  it  is  now  generally  understood 
that  the  difference  between  these  two  materials  is  not  great,  if  both 
are  well  made.  There  is,  however,  a  great  superiority  in  well-made 
over  badly-made  material  of  either  class.  Steel  which  contains  entrained 
slag,  manganese  oxide,  iron  oxide,  much  occluded  gases  or  blow-holes, 
or  in  which  the  impurities  are  segregated,  will  yield  more  rapidly  to  rust- 
ing; and  wrought  iron,  which  contains  an  excess' ve  amount  of  slag,  not 
thoroughly  worked,  or  which  is  irregular  in  composition,  due  to  incom- 
plete puddling  or  to  the  mixture  with  it  of  steel  scrap  during  the  welding 
process,  or  which  has  been  made  from  low-grade  scrap  without  remelting, 
will  rust  faster  than  well-made  material.  In  short,  it  is  now  recognized 
that  the  quality  of  manufacture  has  a  much  greater  effect  than  the  process 
of  manufacture.  The  old  carbonic  acid  and  hydrogen  peroxide  theories 
to  explain  the  corrosion  of  iron,  have  now  been  replaced  by  the  electro- 
lytic theory,  and  it  is  recognized  that  any  irregularity  in  the  composition 
of  the  metal  which  produces  a  difference  of  potential,  will  hasten  the  rate 
of  corrosion.  There  is  also  found  to  be  a  very  great  difference  in  the  pro- 
tective power  of  different  paints  and  other  coatings  such  as  galvanizing, 
tinning,  oxidizing,  etc.,  for  which  the  reader  is  referred  to  the  recent 
treatise  by  Cushman  and  Gardner. 
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CHAPTER  XVIII 

FERTILIZERS 

A.   G.  STILLWELL 

Consulting  Chtmitt,  New  York  CUy 

Historical.  As  far  back  aa  records  go,  the  value  of  ammal  manures  haa 
beeai  recognized  in  the  growing  of  crops.  Why  they  were  of  beneBt  and 
what  relation  their  constituents  bear  to  those  of  plants,  are  matters  that 
have  only  been  worked  out  during  the  past  century.  The  earliest  record 
of  the  use  of  mineral  fertilizers  is  contained  in  a  paper  by  Sir  Kenelm 
Digby  and  printed  in  England  in  1669.  In  this  paper  the  use  of  salt- 
petw  as  a  stimulant  to  plant  growth  is  advocated.  In  1804,  Theo.  de 
SaUBBOre  pointed  out  the  significance  of  the  ash  of  plants,  and  showed 
that  without  it  plant  life  was  impossible.  Justus  von  Liebig  in  1840 
and  1842  was  really  the  first  practically  to  lay  down  the  foimdation  of 
present  fertilizer  practice.  By  the  middle  of  the  nineteenth  century  the 
imfwrtance  and  value  of  nitrogen,  phosphoric  acid,  and  potash  was 
pretty  well  known  and  it  is  from  this  time  that  the  real  growth,  both 
of  the  use  and  knowledge  of  commercial  fertilizers,  dates. 

Nitrt^en  as  a  f^tilizer  was  first  obtained  from  saltpeter  and  phos- 
phoric acid  was  first  derived  from  bones.  Later  nitrogen  was  obtained 
from  by-products  of  slaughter  houses  and  from  ammonium  sulphate, 
which  is  a  by-product  of  coke-oven  plants.  Phosphoric  acid  was  also 
obtained  from  petrified  bone  and  from  mineral  phosphate  beds  in  various 
parts  of  the  world.  The  main  source  of  potash  at  the  present  time  is 
from  the  mines  of  Stassfurt,  Germany. 

Fertilizer  Materials.  Broadly  speaking,  there  are  two  kinds  of 
fertilizer  materials:  those  which  are  in  themselves  a  direct  source  of 
plant  food,  and  those  which;  by  their  action,  tend  to  make  plant  food 
fertilizers  more  available.  While  crops  may  grow  without  the  use  of 
fertilizers  of  the  second  class,  no  crops  can  mature  without  fertilizers 
of  the  first  class. 

Fertilizers  of  the  second  class  comprise  lime,  gypsum,  and  c<Hnmon 
salt;  they  are  all  useful,  but  rarely  indispensable.  These  are  some- 
times called  "  stimulant  fertilizers."  They  tend  to  make  rapidly  avail- 
able the  stores  of  ammonia,  phosphoric  acid,  and  potash  naturally  present 
in  the  soil.    When  stimulant  fertilizers  are  used  exclusively  for  a  term 
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of  years,  the  aoil  losea  ammonia,  phosphoric  acid,  and  potash.  The 
inevitable  result  of  such  treatment  must  be  finally  the  exhaustion  of 
these  important  food  constituents  of  the  soil. 

True  fertilizers  contain  forms  of  plant  food  which  contribute  directly 
to  the  growth  and  substance  of  plants.  Such  materials  may  contain 
either  ammonia,  potash  or  phosphoric  acid  compounds,  or  all  three. 

Terms  Used  in  Analysis.  Fertilizer  dealers  and  experiment  station 
bulletins  treat  the  different  forms  of  fertilizer  materials  separately,  and 
a  familiar  undetstandli^;  of  these  trade  names  is  important. 

Ammonia  is  expressed  either  as  nitrogen,  as  anunonia,  or  as  nitrogen 
"  equivalent  to  ammonia."  There  are  various  conditions  in  which  phos- 
phoric acid  may  be  expressed  such  as  reverted,  available,  insoluble,  total, 
and  phosphoric  acid  "  equivalent  to  bone  phosphate  of  lime."  '  Potash  is 
expressed  as  potash,  as  potash  actual,  or  as  potash  equivalent  to  sulphate 
of  potassium  or  to  chloride  of  potassium. 

All  genuine  commercial  fertilizers  owe  their  value  to  the  kind,  quality, 
and  amount  of  nitrogen,  phosphoric  acid,  and  potash  they  contain. 
They  are  made  by  mixli^  more  or  less  of  the  several  kinds  of  raw 
materials  fumishii^^  the  desired  ingredients,  and  to  these  may  be  added 
sulphuric  acid  to  render  the  phosphoric  acid  avtdlable  and  a  filler  to 
make  up  the  desired  formula. 

Nitrogen  (Ammonia).  Nitrogen  is  a  gas,  and  in  this  form  cannot 
be  used  in  fertilizers;  therefore,  whenever  we  speak  of  nitrc^en  in  fer- 
tilizers we  do  not  mean  that  nitrogen  exists  in  them  as  free  nitrogen. 
The  nitrogen  in  fertilizers  is  always  combined  with  other  elements  and 
may  be  present  in  one  or  more  different  forms,  such  as  nitrate  of  soda, 
snlphate  of  ammonia,  or  in  the  form  of  organic  nitrogen  as  found  in 
animal  matter,  such  as  blood,  tankage,  guano,  or  in  vegetable  matter,  such 
as  cotton-seed  meal.  Chemical  analysis  according  to  official  methods  does 
not  really  attempt  to  differentiate  between  the  various  forms  other  than 
to  state  whether  or  not  the  nitrogen  in  them  is  available.  When,  there- 
fore, nitrogen  is  expressed  in  an  analysis  or  guarantee  as  "  ammonia  "  it 
refers  to  the  entire  amoimt  of  nitrogen  present  calculated  as  ammonia 
without  ;egard  to  ihe  form  in  which  it  b  present.  Ammonia  consists 
of  nitrogen  combined  with  hydrogen  and  is  also  a  gas  and  does  not  exist 
in  fertilizers  as  such  but  in  combination  with  other  elem^its.  Nitrogen 
equivalent  to  ammonia  simply  means  that  the  total  nitrogen  content 
of  the  fertilizer  is  calculated  to  ammoiua. 

Phosi^unic  Acid.  This  as  used  in  fertilizers  does  not  exist  as  true 
phosphoric  acid,  but  as  various '  s^ts  of  phosphoric  acid  and  lime. 
Soluble  phosphoric  acid  is  the  mono-calcium  phosphate  formed  during  the 
process  of  acidulating  phosphate  rock  or  bone.  Keverted  phosphoric  acid 
is  the  dicalcium  phosphate  which  is  also  formed  during  the  process  of 
acidulatifHi  and  is  soluble  in  neutral  ammonium  citrate.    Available  phoa- 

*  FboephoHo  add  aa  used  by  tJw  Imde  is  not  HiPQi,  but  the  pentoxidfl  (P)Oi). 

Diyiiz.     vL.OOglC 


434  INDUSTBIAL  CHEMBTBY 

phoric  acid  is  the  sum  of  the  soluble  and  reverted  forms  and  is  the  total 
phosphoric  acid  in  a  condition  capable  of  being  absorbed  by  plants. 

Insoluble  phosphoric  scid  is  the  tricalcium  phosphate  as  it  exists  in 
phosphate  rock  and  bone  and  is  not  available  for  plant  food.  Total 
phosphoric  acid  is  the  total  amount  present  iirespeotive  of  the  form  in 
which  it  is  present.  It  is  the  sum  of  the  above  three  forms.  Phosphoric 
acid  equivalent  to  bone  phosphate  simply  means  the  total  phosphoric  acid 
calculated  as  the  tricalcium  phosphate. 

Much  research  is  being  carried  on  in  the  endeavor  to  make  bicalcic 
phosphate  by  other  means  than  the  addition  of  sulphuric  acid  to  phosphate 
rock  and  several  methods  are  now  being  tried  out  on  a  commercial  scale, 
the  phosphate  bdng  rendered  soluble  by  means  of  heating  in  furnaces 
with  various  fluxes. 

Phosphatic  Cnide  Stock. 

Furnishing  inaolvble  pkosphtine  Fumtaking  available  pkoaphorie 

acid:  add: 

Ammal:  Animal: 

Bones  Dissolved  bone,  acid-fish-scrap. 

Mineral:  Mineral: 

Apatite,  phosphate  rock  from  Acid-phosphate  from  any  form 

Florida,  Tennessee,  of  blue,  of  mineral  phosphate, 
brown  and  white  colors. 
Thomas  Slag. 

Potash.  This  term  as  applied  to  fertilizers  always  means  the  oxide 
of  potassium.  It  is  not  found  as  such  in  fertilizers,  but  as  either 
chloride,  sulphate,  nitrate  or  carbonate  of  potassium,  or  as  organic 
potash. 

Potash  soluble  means  the  actual  KsO  soluble  in  water  and  is  the  only 
kiad  considered  in  fertilizers. 

Crude  Stock  Famishing  Potash.  Muriate  or  chloride,  kainit,  con- 
tainitag  both  muriate  and  sulphate;  sulphate;  double  manure  salt;  the 
double  sulphate  of  potash  and  magnesia;  less  important  salts  are  car- 
nalite,  knif^te,  sylvanite.  Carbonate  of  potash,  such  as  wood  ashes. 
As  organic  potash,  tobacco  stems  and  ashes,  cotton-seed  meal.  As 
nitrate,  potassium  nitrate. 

Alunite,  the  hydrated  sulphate  of  potash  and  alumina,  is  found  in  many 
places  in  the  west  and  work  is  being  done  on  it  to  determine  its  avail- 
ability as  a  source  of  potash.  It  has,  been  found  that  after  ignition  and 
leaching,  over  90  per  cent  of  the  potash  can  be  recovered  as  sulphate. 
It  a{q>ears  to  be  a  very  promising  source  for  future  supply  of  this  material. 

Geriogical  Deflnitioiis.  The  primitive  earths  are  four — day,  sand 
lime,  and  m^nesia.  Clay  is  called  by  geolo^sts  alumina,  alimiine,  or 
ar^iiaceous  earth.    Sand  is  called  silex,  silica,  alicious  earth  or  earth 
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of  flinta.  Lime  as  it  exists  id  the  soil  is  commonly  called  calcareous 
earth.  The  term  calcareous  is  not  properly  applied  to  any  earth  unless 
it  will  effervesce  with  acids.  Each  of  these  earths  answers  a  determinate 
and  specific  purpose  in  the  economy  and  growth  of  plants,  and  the 
perfection  of  soil  lies  in  a  mixture  of  the  whole. 

Bases  of  the  soil  are:  the  primitive  earths  which  enter  into  its  com-    . 
position;  vegetable  matter:  all  vegetable  substances  in  a  decaying  or  rot- 
ten state;   animal  matter:  all  animal  substances  in  a  putrefying  state; 
organic   matter:   a  term   applicable  to  both  animal  and  vegetable  sub- 
stances in  a  putrefying  condition. 

Veg^able  Tnovld:  the  earthy  remains  of  vegetable  substances  which 
have  either  grown  and  decayed  in  the  soil  or  have  been  conveyed 
thither  in  the  prepress  of  cultivation. 

Loam  is  a  combination  of  vegetable  mould  with  the  primitive  earths. 
Marl  is  a  substance  consisting  of  lime  with  a  small  portion  of  clay,  and 
sometimes  of  peat  with  a  marine  sand  and  animal  remains.  It  is  useful 
as  manure,  and  is  distinguished  by  shell  clay  and  stone  marl, 

Ezpresdon  of  Formula.  One  often  sees  formuU^  expressed  in  this 
mumer,  4-8-2,  or  3-6-4.  It  means  that  nitrogen  comes  first,  phos- 
phoric acid  next,  and  potash  third,  hence  the  4-8-2  indicates  a  fertilizer 
contuuing  4  per  cent  of  nitrogen,  8  per  cent  of  phosphoric  acid,  and 
2  per  cent  potash.  These  figures  multiplied  by  20  give  for  each  too 
80  lbs.  nitrogen,  160  lbs.  phosphoric  acid  and  40  lbs.  potash. 

Explanations  of  Market  Quotaticms;  how  to^  Estimate  tiie  Value  of 
Fertilizers.  Phosphate  rock,  kainit,  bone,  fish-scrap,  tankage,  and 
some  other  articles  are  commonly  quoted  and  aold  by  the  ton.  The  seller 
usually  has  an  analysis  of  his  stock,  and  purchasers  often  control  this 
by  analysis  at  time  of  the  purchase. 

Acid  phosphate  is  usually  quoted  at  so  much  "per  unit"  of  available, 
that  is,  soluble  and  reverted  phosphoric  acid.  The  meaning  of  the  term 
unit  is  expluned  below.  Tankage  is  usually  sold  with  a  quotation 
of  so  much  "per  unit  of  ammonia"  and  "per  unit  of  bone  phosphate." 
The  amount  of  bone  phosphate  may  be  calculated  by  multiplying  the 
amount  of  phosphoric  acid  by  2.1850.  On  the  other  hand,  the  amount 
of  phosphoric  acid  is  calculated  from  the  bone  phosphate  by  multiplying 
the  latter  by  0.4576. 

Sulphate  of  ammonia,  nitrate  of  soda,  and  the  potash  salts  are  quoted 
and  sold  by  the  pound,  and  generally  th«r  wholesale  and  retail  prices 
do  not  differ  materially. 

Blood,  azottn,  and  concentrated  tankage  are  quoted  at  so  much 
"  per  unit  of  ammonia."  To  reduce  ammonia  to  nitrogen,  multiply 
the  per  cent  of  ammonia  by  0.8228;  to  make  the  reverse  calculation 
multiply  by  1.2154.  A  "  unit  of  ammonia  "  is  1  per  cent,  or  20  lbs. 
per  ton.  To  illustrate:  if  a  lot  of  tankage  has  7  per  cent  of  nitn^en 
equivalent  to   $.50  per   cent   ammonia,  it  is    said    to  contain  8|  units 
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of  amnumia,  and  if  quoted  at  S2.25  per  unit,  a  too  of  it  will  coet  8}  times 
$2.25,  or  119.13. 

Tankage  and  fish-scrap  are  sometimes  sold  at  a  price,  based  on 
analysis,  with  regard  to  both  the  nitrogen  and  phosphoric  acid  which 
the  product  in  question  contains.  For  example:  Tankage,  9-20  quoted 
.  at  $2.49  and  10  cents  per  unit,  means  that  a  given  lot  of  tankage  contains 
somewhere  in  the  neighborhood  of  9  per  cent  ammonia  and  20  per  cent 
bone  phosphate,  and  is  offered  at  S2.49  per  unit  of  anmionia  and 
10  cents  per  unit  of  bone  phosphate.  A  unit  of  ammonia,  20  lbs.  is 
equivalent  to  (20  times  0.8228)   16.46  lbs.  of  nitrogen  and  is  quoted  at 

$2.49.     One  pound  of  nitrogen,  therefore,  costs  t-^  equal  to  15.10  cents. 

A  unit  of  bone  phosphate,  20  lbs.,  is  equivalent  to  20  times  0.4576. 
equal  to  9.15  lbs.  of  phosphoric  acid,  and  is  quoted  at  10  cents.    One 

pound  of  phosphoric  acid  therefore  coste  ^-rr  equal  to  1  cent. 

Hence  it  appears  that  a  tankage  containing  9  per  cent  ammonia  uid 
20  per  cent  of  bone  phosphate  and  quoted  at  $2.49  and  10  cents  per  unit,  . 
coste  for  nitrogen  15.1   cente  per  ib.   and  for  phosphoric  acid   1  cent 
per  lb. 

The  cost  of  such  a  tankage  will  be  9  unite  of  ammonia  at  $2.49  equal, 
to  $22.41  plus  20  units  of  bone  phosphate  at  10  cente  per  unit,  or  $2.00 
or  $24.41  per  ton. 

S(AL  Soils  are  generally  divided  into  three  groups:  clay,  loamy, 
and  sandy.  These  in  turn  are  subdivided  as  their  general  character- 
istics approach  each  other,  thus: 

I  Heavy  clay 
Medium  clay 
Loamy  clay 
I  Clay  loam 
Loam 
Sandy  loam 

There  are  also  other  distinct  forms,  such  as  limestone,  peaty  and 
gravelly  soils,  but  those  given  above  best  serve  to  describe  the  general 
conditions  of  farming  lands.  It  is  needless  to  enter  into  the  deteils  of 
soil  formation  beyond  the  general  statement  that  clay  is  derived  from 
the  silicates  of  eruptive  rocks,  while  sand  is  formed  from  the  silica  of 
qub/tz.  The  former  due  to  a  chemical  decomposition,  the  latter  rather 
to  a  mechanical  subdivision.  These  two  extremes  have  the  following 
general  composition  as  r^;ards  fertilizer  constituente. 
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Ct>y  Soil. 

8*ndr  BoU. 

Potash 

1.20 
0.15 

72,52 
9.70 
2.53 

0,!7 
Oil 
81.01 
2.01 
0,42 

Lime 

The  presence  of  vegetable  matter  mixed  with  the  soil  gives  that 
composition  known  as  loamy.  This  vegetable  matter  is  largely  humus, 
a  material  of  undetermined  composition,  and  the  function  of  which  is 
still  a  subject  of  contention.  The  gradation  of  soils  from  heavy  clay 
to  sand  is  chiefly  marked,  by  the  varying  proportions  of  clay  and  sand. 
Using  the  ^ven  classificatioD,  the  variation  of  the  two  leadii^  principles 
is  approximately  as  follows: 


Clay.  Per  Cent. 

Suid.  Fet  Cent. 

90 
75 
fl5 
5S 
40 
'    25 
15 
5 

10 
20 
35 
45 
60 
75 
85 
95 

Medium  clay 

Clay  loam  . . 

Properties  of  Soils.  Before  coi^idering  a  speci&c  fertilizer,  the 
agricultural  value  of  these  different  soils  must  be  reviewed.  The 
general  characteristics  of  a  clay  soil  are  fine  texture  and  cohesion 
of  the  particles.  It  absorbs  mobture  from  the  air  and  draws  it  from 
the  lower  soil  by  capillary  attraction,  and  retains  water  obstinately. 
If  worked  while  wet  it  becomes  hard  and  intractable.  A  sandy  soil 
has  little  adhesion  of  particles,  attracts  little  or  no  moisture  from  the 
^r,  and  allows  water  to  percolate  through  it  readily,  thus  causing  loss 
of  fertilizing  elements  by  leaching.  It  absorbs  and  retains  heat  well 
and  is  dry  and  warm,  easily  worked  and  will  not  bake.  Its  power  of 
drawing  moisture  from  below  is  about  two-thirds  that' of  clay.  Soils 
intermediate  between  sand  and  clay  take,  in  a  modified  way,  the  main 
features  of  both. 

For  purposes  of  agriculture  the  circulation  of  moisture  in  the  soil 
and  "the  temperature  are  of  greatest  importance.  A  soil  having  clay 
as  its  predominant  constituent  holds  its  water  almost  stationary,  and 
when  subjected  to  evaporation,  through  heat  or  drying  winds,  bakes 
badly.  The  soil  water  contains  fine  particles  of  clay  in  suspension  and 
these  are  drawn  to  the  surface  and  deposited  by  the  evaporation  of 
the  water,  thus  forming  an  upper  layer  no  longer  porous.    Evaporation 
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ceases.  The  soil  moisture,  only  a  few  inches  below  the  surface,  r 
quiescent,  and  the  closeiy  packed  upper  layer  also  excludes  beat  and  gases, 
the  soil  becomes  cold,  and  those  chemical  processes  necessary  for  the 
preparation  of  plant  food  ia  an  assimilable  form  cease. 

The  best  known  remedy  is  applications  of  lime  which  throw  down 
the  suspended  clay  in  the  form  of  small  granules,  thus  opening  the  pores 
of  the  soil  and  enabling  a  free  circulation  of  water  and  the  admission 
and  action  of  gases  and  sunlight.  With  sandy  soils  evaporation  does 
not  bake  and  the  movement  of  the  soil  waters  is  accelerated,  but  there 
is  danger  of  exhausting  the  supply  as  the  power  of  capillary  attrac- 
tion in  this  case  does  not  greatly  exceed  a  depth  of  20  inches.  These 
soils  give  free  play  to  the  action  of  gases  and  sunlight  and  main- 
ttun  a  temperature  favorable  to  v^etatton.  Excessive  evaporation  ia 
prevented  by  thorough  titling;  a  surface  layer  of  finely  pulverized  earth 
&  few  inches  deep  arrests  evaporation  while  it  still  maintuns  a  f^r 
degree  of  soil  porosity  and  consequently  the  admission  of  gases  and 
sunlight  is  not  retarded.  The  action  of  chemical  fertilizer  is  more  prompt 
mth  sandy  than  with  clay  soils.  Sandy  ;^ils  however  must  be  kept 
at  work  so  to  speak.  They  \ose  fertilizer  elements  rapidly  through 
leaching  if  not  protected  by  vegetation.  As  to  temperature,  a  dark- 
colored  soil,  other  conditions  being  equal,  is  usually  warmer  than-  one 
of  lighter  color;  a  soil  having  its  percentage  of  sand  high  will  rise  in 
temperature  slowly  but  will  retain  the  heat  longer  than  either  loam  or 
a  clay  soil;  a  wet  (clay)  soil  is  uniformly  a  cold  soil. 

Function  of  Soil  Moisture.  Evaporation  of  soil  moisture  cools  the 
soil  as  the  heat  necessary  to  vaporize  the  water  ia  drawn  from  the  land. 
Evaporation,  however,  draws  the  moisture  from  below  for  very  consid- 
erable depths  and  the  fertilizing  matters  suspended  or  in  solution  are 
broi^ht  by  this  process  within  reach  of  the  roots.  To  quote  from  the 
Wisconsin  experiments:  "Soil  water  is  constantly  in  motion.  When 
rain  falls  the  moisture  sinks  into  the  soil  carrying  along  with  it  oxygen, 
carbonic  acid,  nitric  acid,  ammonia,  etc.,  and  rendering  plant  food 
available,  a  part  of  which  may  be  lost  in  the  drainage  if  the  rainfall  ia 
excessive.  When  the  rainfall  ceases  evaporation  commences  and  the 
soil  water  begins  to  rise  carrying  along  vrith  it  dissolved  plant  food- 
which  accumulates  in  the  surrace  soil.  This  power  which  'soils  have 
of  drawing  up  water  from  their  lower  depths  is  known  as  capillary  attrac- 
tion and  may  extend  down  6  or  7  feet." 

Some  idea  of  the  immense  amount  of  b(»1  water  thus  brought  to  the 
surface  maybe  gained  from  the  fact  that  with  the  averse  soil,  clay 
loam  under  cultivation,  660  lbs.  of  water  per  square  foot  is  evaporated 
yearly,  that  is,  28,750,000  lbs.  per  acre.  Computing  from  Uie  average 
analy^  of  soil  waters,  this  quantity  of  evaporation  would  bring  to  the 
surface  soil  about  14  lbs.  of  ammonia  and  57  lbs.  of  potash;  the  phos- 
phoric acid  does  not  apprembly  enter  into  8<m1  solution. 
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It  must  be  understood  tliat  these  fertilizing  elements  are  not  guned, 
they  keep  coostantly  in  circulation;  at  n^t  they  sink  only  to  rise 
again  when  the  evaporation  commences  with  the  succeeding  sunrise. 
By  this  circulating  system  the  fertilizing  elem^its  are  brought  within 
reach  of  the  plant  roots  and  are  utilized;  were  it  suspended,  the  appli- 
cation of  manures  would  have  to  be  increased  many  fold,  as  the  quantity 
of  the  nutrients  in  the  immediate  vicinity  of  the  plant  itself  would  haVe 
to  supply  all  its  requirementa;  and  as  the  roots  of  a  plant  in  ordinary 
farming  practice  occupy  probably  less  than  5  per  cent  of  the  total 
space,  it  follows  that  the  efficiency  of  one  ton  of  fertilizer,  as  at  present, 
would  require  an  application  of  20  tons  to  accomplish  the  same  results 
with  suspended  circulation  of  soil  waters.  This  is  why  commercial 
fertilisers  contain  a  disproportionate  quantity  of  phosphoric  acid  as 
compared  with  potash  and  ammonia;  the  phosphates,  to  a  great  extent, 
take  immediately  in  the  soil  an  insoluble  form  and  are  rendered  available 
as  plant  food  only  by  the  actual  contact  of  the  plant  root  hairs. 

Action  of  Carbonic  Add  on  Soils  and  Rocks.  All  fertile  soils  contain 
a  considerable  amount  of  organic  matter,  and  the  presence  of  oxygen  is 
necessary  to  accomplish  its  decompo^tion.  Soils  also  contain  innumerable 
bacteria,  a  part  of  which  at  least,  are  intimately  concerned  in  the  decay 
of  organic  matter  and  cannot  live  without  oxygen. 

One  class  of  these  bacteria  decompose  part  of  the  soil's  oi^anic  matter 
with  the  formation  of  carbonic  acid  gas.  Water  dissolves  its  own  volume 
of  carbonic  acid  gas  under  ordinary  pressure,  formii^  a  solution  of 
carbonic  acid,  C02+H20=H2C03.  With  mcreased  pressure  a  much 
greater  amount  is  dissolved.  When  water  is  so  charged  it  has  a  high 
solvent  power  for  the  carbonates  of  lime  and  magnesia,  protoxide  of 
iron  and  manganese.  These  salts  are  nearly  insoluble  in  pure  water. 
In  this  way  carbonic  acid  plays  a  part  of  great  importance  in  the  growth 
of  plants,  since  it  enables  water  to  convey  to  plants  many  fertilizing 
substances  which  are  otherwise  hardly  available. 

It  is  interesting  to  note  here  that  the  leaves  of  plants  are  white,  in  the 
absence  of  iron,  and  not  green.  By  means  of  the  microscope,  the  chlorophyl 
grains  have  been  seen  to  grow  and  continue  to  prosper,  as  soon  as  a  little 
iron  was  furnished  to  plants  that  had  previously  been  without  it. 

The  Liming  ot  Land.  Liming  is  likely  to  be  profitable  on  the  following 
classes  of  soils: 

On  heavy  soils,  particularly  those  through  which  surface  water  passes 
with  great  difficulty. 

Soik  of  a  lighter  character  if  well  stored  with  vegetable  matter. 

Newly  graded  or  reclamed  land. 

Old  pastures  where  there  is  no  white  clover. 

Peat  and  other  sour  soils  that  are  invested  with  acid-loving  plants. 

Humus.  Humus  \b  a  generic  term  applied  to  a  group  of  closely  allied 
eubstADces,  which  collectively  form  the  or^janic  matter  of  soil.    It  cannot 
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be  said  that  the  precise  chemical  composition  of  humus  is  imown, 
though  a  great  deal  of  labor  has  been  devoted  by  chemists  to  the  study 
of  the  compounds,  and  several  tolerably  well  defined  chemical  con- 
stituents are  thought  to  have  beea  isolated.  The  more  clearly  under- 
stood of  these  constituents  are  ulmin  and  ulmic  acid,  humin  and  humic 
acid,  crenic  acid,  and  apocrenic  acid.  Among  the  less  known,  the  action 
of  which  is  not  yet  understood,  are  xylic  a«id,  saccharic  acid  and 
glucinic  acid, 'besides  a  brown  humus  acid  contajnii^  carbon,  65-8  per 
cent;  hydrogen,  6.25  per  cent;  and  a  black  humus  acid  containing 
carbon,  71.5  per  cent;  hydrogen,  5.8  per  cent. 

According  to  Mulder,  the  principal  humus  compounds  are  composed 
of  carbon,  hydrogen,  and  oxygen,  in  proportions  as  given  in  Uie 
following  table: 

Ulhin  and  Ulmic  acid 

Carbon 67.10  per  cent,  corresponding  to  CioHasOia  —  H2O 

Hydrogen 4.20 

Oxygen 28.7 

Humin  and  Huhic  Acid 

Carbon 64.4    per  cent,  corresponding  to  C4oH240i2— SHjO 

Hydrogen 4.30 

Oxygen 31.30 

Apocrenic  Acid 

Carbon 56,47  per  cent,  corresponding  to  Ca^HaiOia— HaO 

Hydrogen 2.75 

Oxygen 40.78 

Chenic  Acjd 

Carbon 45.70  per  cent,  corresponding  to  C24H24O12  — 3HaO 

Hydrogen 4.80 

Oxygen 49.50 

Su^ur  Requirements  of  Soils.  The  averse  amount  of  sulphur 
in  soil  3,  feet  deep  is  5085  pounds  per  acre;  this  amount  would  be  used 
up  in  from  70  to  2ti5  crops,  figuring  on  minimum  and  maximum  require- 
ments of  various  crops.  In  neighborhood  of  cities  the  sulphur  is  replen- 
ished from  the  air,  bilt  not  in  country  districts. 

Materials  Furnishing  Nitrogen;  Guano.  On  the  coast  of  Peru  lie  the 
Chincha  Islands.  These  islands  and  the  mainland  opposite  are  in  the  dry 
zone  of  Peru  in  which  rain  seldom  falls.  They  are  small,  high  and  rocky, 
barren  and  uninviting;  yet  from  them  has  come  vast  wealth.    Guano  to 
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the  value  of  ose  thousand  million  dollars  haa  been  taken  from  the  Chincha 
Islands.  It  is  doubtful  if  there  be  another  spot  of  equal  size  on  the  earth 
which  has  gelded  so  much  wealth  as  these  guano  beds.  These  islands, 
however,  are  not  the  only  source  of  Peruvian  guano,  as  the  Macabi, 
Guanape,  the  Lobos,  Ballestas,  and  the  Huamllos,  as  well  as  scores  of 
small  islands  have  also  furnished  large  quantities. 

The  word  guuio  is  the  Spanish  renderii^;  of  the  Peruvian  word 
kuanu,  meanii^  excrement.  There  are  many  varieties  of  Peruvian  guano 
having  different  fertilizing  values  due  to  their  different  chemical  con- 
stituentfi,  but  they  all  are  alike  in  their  origjn.  Guano  is  mainly  the' 
excrement  of  marine  birds  mixed  with  the  remans  of  the  birds  themselves 
and  the  fish  they  have  brought  to  land.  In  some  cases  on  the  Chincha 
Islands  the  deposits  are  from  160  to  ISO  ft.  thick.  The  lower  strata 
of  such  deposits  may  be  thousands  of  years  old. 

Nowhere  else  in  the  world  are  marine  birds  found  in  such  vast  quantities 
as  along  the  west  coast  of  South  America  from  Panama  south  to  Chile.  The 
lazier  number  of  these  birds  have  their  roosts  and  breedir^  places  on  the 
Peruvian  Islands,  or  on  points  of  the  maiuluid.  Their  presence  in  such 
vast  numbers  is  due  to  the  quantity  of  fish  found  along  these  coasts. 

Cormorants,  pelicans,  sea  gulls,  marine  crows,  in  flocks  numbering 
hundreds  of  thousands  may  be  seen  in  these  regions,  while  the  rainless 
climate  preserves  the  guano  deposited.  There  are  himdreds  of  bird  islands 
in  other  parts  of  the  world  but  the  excrement  and  remuns  of  birds 
found  thereon  are  not  the  same  as  Peruvian  guano,  although  the  deposits 
may  possess  value  for  fertilizing  purposes.  Even  with  the  Peruvian 
guano,  analysis  shows  great  differences. 

All  excrements  contain  nitrogen  in  the  form  of  urates  and  salts  of 
ammonia,  but  these  are  to  a  large  extent  lost  unless  the  manure  is  at 
once  applied  to  the  land  and  even  then  the  nitrogen  may  be  washed 
out  before  it  can  become  available  for  the  plant.  When  left  exposed 
to  a  humid  atmosphere  or  when  rain  b  allowed  to  fall  on  it  the  nitrogen 
salts  are  quickly  leached  out.  The  Peruvian  guano,  in  its  natural  state, 
never  having  been  exposed  to  rain  or  dampness,  has  retuned  its  nitn^- 
enous  properties  and  as  it  is  rich  in  all  three  elements  of  plant  food  it 
is  more  valuable  than  other  guanos. 

Guano  has  been  used  in  Peru  for  centuries.  As  early  as  1806  it  was 
used  in  England,  and  in  1824,  fifty  vessels  loaded  annually  at  Chincha. 
It  was  used  in  the  United  States  as  early  as  1832.  Baron  Humboldt 
in  1804  was  the  first  to  make  the  article  known  to  Europeans,  its  com- 
mercial importance  there  dating  from  1844.  As  before  stated,  the 
Chincha  Islands  were  the  first  exploited.  Nine  million  tons  were  extracted 
in  ten  years.  Other  deposits  were  developed  in  1870.  The  Ballesta, 
Macabi,  and  Guanape  Islands  yielded  1,500,000  tons.  Next  the  Lobos 
Islands  were  worked  as  well  as  the  enormous  deposits  of  the  Province 
(rf  Tarapaca  on  the  south  coast  of  Peru. 
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In  reviewing  this  subject,  L'EDgrais  of  Paris  estimates  that  in  forty 
years  over  18,500,000  tons  were  taken  from  these  localities  ot  about 
440,000  tons  annually. 

As  the  pei^uins  and  pelicans  are  very  voracious  each  bird  ia  cap- 
able of  furnishing  on  an  average,  about  32  gms.  of  excrement  per  night. 
It  is  estimated  that  100  kgms.  of  guano,  containing  14  per  cent  of 
nitrogen  and  10  per  cent  of  phosphoric  acid,  require  the  consump- 
tion of  600  kgms.  of  fish  containing  2.3  per  cent  nitrogen  and  1.7  per 
cent  phosphoric  acid.  An  annual  deposit  of  40,000  tons  is,  therefore, 
the  digestive  product  of  3,420,000  pelicans.  It  is  reported  that  while 
the  old  beds  have  been  con^derably  reduced  there  are  layera  30  ft.  thick 
which  have  not  been  touched  and  which  are  still  forming. 

The  Caribbean  deposits  are  much  lower  in  nitrogen  than  the  Peruvian, 
but  they  run  very  high  in  phosphoric  acid.  In  these  much  of  the  nitrogen 
has  been  leached  out  by  the  action  of  rain.  The  deposits  found  on  the  islands 
of  Sombrero,  Navassa,  Aruba,  Curacoa,  Orchillas,  Roncador,  and  the  Pedro 
and  Morant  keys  arc  similar  to  those  found  on  the  Caribbean  coast. 

The  following  table  shows  analyses  made  by  the  author  on  various 
grades  and  kinds  of  guano: 


Arn^ooL.. 

Phosphoric  Acid. 

BoDe  Pbosph«tF. 

Navassa  (first  cargo,  1866) 

None 
None 
None 
10.20 

5.60 
12.70 
None 
None 
None 

0.80 

0.60 
None 

1.30 
None 
None 

31.75 
27.82 
26.88 
12.14 
14.95 
17.80 
26.16 
24.21 
18.92 
29.85 
29.90 
20.60 
10.54 
34.65 
30.50 

69.31 

Cay  Verde  (light)   

The  guano  is  taken  out  by  shovel  and  pick.  As  the  coasts  are  rough 
and  few  harbors  exist,  loading  of  steamers  can  be  done  in  calm  weather 
only.  The  water  is  very  deep  and  large  steamers  can  anchor  close  to 
the  shore  so  that  most  of  the  guano  can  be  loaded  directly  into  the 
steamer  from  the  shore  by  means  of  cable  trams.  In  some  cases,  it 
has  to  be  taken  to  the  steamer  in  boats. 

Calcium  This  is  a  product  derived  by  heating  calcium 

carbide  in  an  atmosphere  of  nitrogen.  The  reactions  are  intricate,  but 
may  be  represented  by  the  following  equation:  CaC2-|-N2=CaCN2-l-C. 
The  t«chaical  procedure  is  simple,  but  care  must  be  taken  ia  cftrrying  out 
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the  details.  The  nitrogen  must  be  technically  pure'  and  the  complete 
nitrification  of  the  carbide,  necessary  to  produce  a  high  grade  product, 
is  dependent  upon  prt^cressive  and  cumulative  reactions,  which  once 
started  may  not  be  checked  or  diverted  at  any  stage  except  at  the  cost 
of  the  quality  of  the  final  product. 

The  following  ia  a  typical  raw  cyanamid  proximate: 

Calcium  carbide 0.51% 

Calcium  cyanamid '. . . .  68.02 

Calcium  carbonate 0 .  35 

Calcium  oxide 12.39 

Free  carbon 13 .  79 

SiUcon  carbide 1 ,  17 

Aluminum  carbide 1 ,  67 

Iron  carbide 1 .  53 

Not  determined 0 .  57 

Total  nitrogen 23.81% 

Total  calcium  aa  CaO 60.65 

When  freshly  made  cyanamid  is  a  rich  black  crystalline  substance. 
Upon  exposure  to  moist  air  the  calcium  oxide  present  hydrates,  not  only 
adding  weight  to  the  material,  but  also  increasing  its  volume.  It  was 
at  first  stated  that  a  loss  of  nitrogen  occurred,  but  this  is  not  true. 
While  the  characteristic  odor  of  ammonia  is  noted,  careful  check  tests 
taken  at  various  times  have  failed  to  show  appreciable  loss  of  nitrogen. 
For  commercial  uses,  this  hydration  of  the  free  lime  accompanied  by 
increaaein  volume  is  undesirable. 

Small  quantities  of  carbides,  phosphides,  and  sulphides  are  frequently 
present  in  raw  cyanamid,  which  are  undesirable  for  many  of  the  uses 
of  cyanamid  and  notably  so  for  its  use  as  a  fertilizer.  When  applied 
.to  the  soil  these  materials  form,  after  decomposition,  Eicetylene,  phos- 
phine,  and  sulphuretted  hydr<^n.  All  of  these  gases  are  distinctly 
poisonous  to  vegetation  and  particularly  so  to  seedlets  at  or  during  the 
period  of  germination.  When  cyanamid  was  first  distributed  to  experi- 
mental agriculturists,  it  frequently  contained  as  much  as  8  to  10  per  cent 
of  these  substances.  Consequently  the  records  of  experimental  research 
show  many  instances  of  poisonous  action  which  were  naturally  chatted 
(gainst  the  cyanamid  itself. 

To  prepare  adequately  the  raw  cyanamid  for  incorporation  into 
fertilizers  several  processes  have  been  developed  and  much  costly 
machinery  designed.  The  object  of  such  processes  being  simply  to  hydrate 
c'l  the  caustic  lime  and  to  dislodge  and  expel  as  a  gas  all  the  substances 
in  the  raw  cyanamid  which  will  produce  acetylene,  phosphine,  and 
hydn^en  sulphide. 

The  finished  product  sold  under  the  name  of  Improved  Cyanamid 
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has  the  following  composition.     (This  product  is  complementary  to  the 
analysis  of  the  raw  cyanamid' given  above.) 

Calcium  cyanamid 29.26% 

Calcium  carbonate 0.21 

Calcium  nitrate : a). 06 

Calcium  hydrate 28.78 

Sodium  cyanamid 10.38 

Free  carbon 7.89 

SiUca.. 1.03 

Alumina 1.37 

Ferric  oxide 0.69 

Not  determined 0.33 

Total  nitrogen 17.01% 

Total  calcium  (CaO) 34.73 

Nitrate  nitrogen 3.39 

Cyanamid  nitrogen 13.62 

Some  20  per  cent  of  the  total  ammonia  in  improved  cyanamid  is 
present  as  nitrate,  the  remaining  80  per  cent  being  present  as  cyanamid. 

The  combined  nitrogen  of  cyanamid  does  not  exist  aa  ammonia  in 
the  material  as  marketed,  but  as  an  amide.  Thus  instead  of  being 
combined  with  three  hydrogen  atoms  it  is  joined  to  two.  In  the  presence 
of  acids  or  of  water  cyanamid  nitrogen  slowly  changes  to  the  ammonia 
form. 

For  comparison  the  followii^  two  equations  are  given  aa  beii^ 
typical  of  the  change  in  ammonium  sulphate  and  calcium  cyaiutmid  due 
to  action  of  the  soil. 

(NH4)2S04+Ca(0H)2  =  CaS04+2H2O+2NH3 
CaCNa+SHaO  =  CaC03+2NH3 

These  two  reactions  may  be  effected  by  acid  or  basic  salts.  The  results 
are  the  same,  however,  and  the  final  product  by  the  action  of  simple  soil 
agencies  in  both  cases  is  ammonia.  Consequently,  as  a  fertilizer,  cyanamid 
nitrogen  must  be  classed  as  annmonia  nitrogen.  It  is  true  that  cyanamid 
may  pass  into  solution  in  an  acid  soil  as  urea,  thus: 

CaCN2+2H20  =  CaO+CO(NHz)2, 

Urea,  however,  in  dilute  solutions,  slowly  changes  to  ammonia  (unlees 
combined  with  a  strong  acid),  as  follows: 

CO(NH2)z+HaO  =  C02+2NHa. 

The  soil  contains  far  more  water  than  lime,  in  the  form  of  a  soluble 
compound,  and  lime  must  be  in  solution  to  displace  ammonia  from 
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sulphate  of  ammonm.  Under  ordinary  soil  conditions  cyanamid  nitrogen 
is  quite  as  rapidly  converted  into  ammoniacal  solutions  as  is  sulphate 
of  ammonia. 

Calcium  cyanamid  is  moderately  soluble  in  cold  water  or  water  at 
ordinary  soil  temperatures.  Its  avwlability  as  a  fertilizer  as  technically 
determined,  is  about  the  same  as  that  of  sulphate  of  ammonia  and  much 
greater  than  that  of  dried  blood.  It  is  doubtful,  however,  if  in  its 
actual  crop-making  power,  in  an  average  of  all  soils  and  under  all  oonditions, 
it  is  more  valuable  than  dried  blood,  or  less  valuable  than  ammonium 
sulphate.  Under  working  soil  conditions,  in  actual  crop-tn&kdng  oper- 
ations, relative  availability  is  probably  of  less  moment  than  intelligent 
application  and  thorough  husbandry. 

The  latest  technical  observation  upon  the  use  of  cyanamid  in  agri- 
culture is  the  report  of  Prof.  Jacometti  of  the  Agricultural  Academy, 
Turin,  Italy,  as  follows:  "  Both  calcium  cyanimid  and  Noi^  nitrate 
have  a  fertilizii^  value  about  equal  to  that  of  sulphate  of  ammoma  and 
nitrate  of  soda."  ^ 

Aluminum  Carbo-Nitride.  The  above  material  was  first  made  on  a 
small  scale  in  1911  and  is  of  interest  as  a  future  source  of  Nitrc^n.  The 
compound  containing  approximately  48  per  cent  nitrogen.  At  present 
time  has  not  been  worked  out  on  large  scale. 

The  following  table  is  ^ven  as  showing  the  relative  fertilizing  worth 
of  different  forms  of  ammonia  in  production  of  sugar  cane. 


SuRK  Made. 


jnmonU,  Wi 
par  Unit. 


Cyaaimid 

Nitrate  ot  soda 

8ul[Jiate  of  untnonia 
Tankage 


1.00 
0.73 
0.66 
0.73 


12.65 
1.94 
1.75 
1.03 


Dr;  lilsh  Scrap.  The  menhaden  {Brevoortia  tyranrms)  belongs  to 
the  family  Clupeidfe  and  has  many  local  names.  On  the  Maine  coast 
it  is  called  pogy,  bony  fish,  moss-bunker;  in  Massachusetts,  hardhead 
bunker;  in  Delaware,  bug  fish,  in  addition  to  those  already  given;  on 
the  Vii^inia  coast,  old  wife,  cheboy,  etlfish,  bug  fish,  green  tail,  and 
bughead;  in  North  Carolina,  fat-back  and  yellow-tful  shad. 

When  full  grown  the  fish  weighs  from  10  ounces  to  1|  lbs.  and  meas- 
ures from  12  to  15  ins.  in  length.  They  are  found  in  immense  schools 
on  the  American  North  Atlantic  coast  from  the  Bay  of  Fundy  to  the 
Mosquito  Inlet,  Florida.  Its  usual  habitat  is  the  bays  and  rivers,  some- 
times as  far  as  the  brackish  water  extends,  and  ocean-ward  as  far  as  to 
the  Gulf  Stream.    On  the  approach  of  warm  weather  the  schools  begin 

'  From  &n  article  prepared  for  the  Amtriean  Feriiliter  in  the  office  of  the  Technol- 
o^t  of  the  Americao  Cyanimid  Co. 


vL.OOgiC 


446  INDUSTRIAL  CHEJOSTRT 

to  appear  and  remain  until  cold  weather.  Approximately  a  temperature 
from  60  to  70"  F.  appears  favorable.  In  the  Chesapeake  Bay  the  season 
extends  from  March  and  April  to  November  and  December.  The  New 
Jersey  fishing  season  beg;ins  about  May  Ist  and  ends  about  the  middle 
of  November.  The  habit  of  the  fish  is  to  congregate  in  very  large 
schools  and  then  swim  along  close  to  the  surface  of  the  water,  packed 
closely  side  by  dde  and  tier  on  tier.  As  many  as  450,000  tons  of  these 
fish  have  been  taken  in  a  single  season. 

As  soon  as  the  fish  appear,  steam  and  sailing  vessels  start  out  from 
the  numerous  factories  along  the  coast  and  renuun  in  commission  until 
the  fish  have  disappeared  in  the  fall.  In  the  spring  the  northern 
factories  send  their  steamers  south  and  they  follow  the  fish  north.  In 
the  fall  they  follow  them  south  again  until  they  get  beyond  the  point 
where  it  is  economical  to  fish  for  them.  The  average  steamers  are  of 
about  80  tons  burden  and  usually  about  90  ft.  long;  such  a  vessel 
will  take  a  cargo  of  from  250,000  to  300,000  fish.  The  crew  consists 
of  about  17  men.  Lai^er  steamers  are  used  by  some  of  the  factories  and 
in  such  cases  two  seines  are  carried.  These  steamers  will  hold  from  900,000 
to  1,200,000  fish  and  have  crews  of  24  men. 

When  a  school  of  fish  is  sighted,  the  steamer  gets  as  close  as  possible 
without  scaring  the  fish  and  then  lowers  the  two  seine  boats  of  whale 
boat  pattern.  The  seine  is  a  net  from  750  to  1800  ft.  long  and  75  to  150 
ft.  deep  with  the  usual  fitting  of  cork  and  sinkers,  and  so  arrai^d  that 
the  bottom  may  be  drawn  together,  thus  makii^  a  purse  in  which  the 
fish  axe  held.  The  two  boats,  each  carrying  an  equal  amount  of  the  net, 
start  in  opposite  directions  around  the  school  and  when  they  have  met, 
start  pulling  ui  the  purse  string.  When  the  bottom  is  closed  the  steamer 
comes  up  and  the  fish  are  scooped  from  the  net  by  means  of  large 
scoops  worked  by  a  derrick  on  the  steamer. 

When  a  steamer  has  a  load  it  returns  to  the  factory,  as  the  fish,  if 
kept  too  long,  soon  turn  soft  and  are  then  very  difficult  to  handle. 

On  reaching  the  factory,  the  fish  are  imloaded  by  being  shoveled 
into  a  traveling  conveyor  which  takes  them  to  a  belt  which  carries  them 
into  the  store  shed.  From  here  they  are  carried  to  a  continuous  steam 
cooker,  where  the  oil  cells  are  broken  and  the  fish  bodies  broken  up. 
This  requires  but  a  few  minutes,  when  the  fiah  are  run  into  screw  presses. 
On  leaving  the  cookers  they  contain  about  75  per  cent  of  water.  The 
screw  presses  can  press  the  fish  down  to  about  45  to  50  per  cent  of 
water.    Most  of  the  oil  is  here  liberated. 

The  water  and  oil  are  run  into  laige  settling  tanks  and  the  oil  which 
rises  to  the  top  is  taken  off. 

The  fish  from  the  presses  then  go  to  direct-heat  or  steam  heated 
cylindrical  dryers.  They  are  dropped  into  the  hot  end  of  the  dryer 
where  the  flame  from  either  soft  coal  or  oil  is  pouring  in.  The  water 
in  the  scrap  prevents  the  burning  of  the  fish  as  it  immediately  takes 
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up  the  heat.  The  scrap  falls  to  the  bottom  of  the  dryer  and  is  carried 
around  as  it  revolves  and  showered  down  through  the  hot  gases,  On 
reaching  the  end  of  the  dryer  it  is  cool  enough  to  handle  and  contains 
about  8  per  cent  water.  It  is  now  picked  up  by  a  traveling  belt  and 
run  to  the  storehouse  where  it  is  ba(^d  ready  for  shipment.  Great 
care  must  be  taken  in  the  storeroom,  on  account  of  the  combustible 
nature  of  this'  material,  owing  to  the  presence  of  the  oil  left  in  it.  It 
heats  very  rapidly  if  left  in  large  piles  and  must  be  cooled  by  turning  over. 
The  capacity  of  a  factory  is  usually  calculated  as  the  number  of 
barrels  per  day  of  fish  that  it  can  handle.  One  barrel  cont^ns  300  fish. 
A  large  and  well  equipped  factory  will  handle  700  barrels  of  fish  per 
hour,  turning  same  out  aa  wet  acid  scrap,  or  if  the  dryer  capacity  is 
equ^  to  the  cooking  and  pressii^;  capacity  as  dry  scrap. 
■  To  produce  one  ton  of  dry  scrap  requires  an  average  of  50  barrels 
of  fish,  while  to  make  one  ton  of  acid  scrap  (wet)  requires  30  barrels  of 
fish.  In  a  good  season  about  3  g^ons  of  oil  per  barrel  of  fish  is 
recovered. 

Wet  Acid  Scrap.  Where  the  plant  does  not  have  enough  dryer 
capacity  to  take  care  of  the  catch,  the  excess  is  made  into  wet  acid  scrap. 
The  fish  scrap  from  the  presses  is  acidulated  with  from  60  to  80  lbs.  60* 
B6.  sulphuric  acid  to  the  ton  of  wet  scrap.  This  converts  some  of 
the  bone  phosphate  into  the  avulable  form  and  at  the  same  time  pre- 
serves the  scrap  from  decomposition.  Good  acid  scrap  that  has  not 
tain  long  in  piles  will  analyze  on  50  per  cent  water  basis  as  high  as 
7.50  to  7.75  per  cent  ammonia. 

In  many  small  factories  instead  of  screw  presses,  hydraulic  presses 
are  used  and  the  wet  scrap  is  dried  in  the  open  air  on  large  wooden 
drying  floors. 

The  scrap  must  be  turned  over  frequently  and  this  is  done  by  the 
use  of  harrows  drawn  by  a  horse.  It  has  then  to  be  piled,  left  to  heat 
to  some  extent,  again  spread  and  turned.  If  the  scrap  is  wet  by  a 
storm,  the  process  has  to  be  repeated.  Dry  scrap  will  run  about  10  per 
cent  water  and  10.50  to  11.50  per  cent  anomonia,  and  will  still  carry 
8  to  12  per  cent  oil. 

Bat  Guano.  Depodts  of  this  material  are  not  of  very  great  extent, 
consequently  its  importance  as  a  fertilizer  is  small.  It  is  used  in  localities 
where  it  is  found.  It  is  of  very  variable  composition  and  by  many  b 
not  considered  of  much  value.  The  price  paid  for  the  ammonia  content 
is  not  on  a  par  with  other  sources  of  ammonia. 

Horn  and  Hoof  Meal.  The  horn  and  hoofs  not  available  for  more 
valuable  purposes  are  slightly  cooked  until  they  become  friable  and  are 
then  ground  to  a  fine  powder  for  use.  They  run  from  4  to  6  per  cent 
water  and  15  to  17  per  cent  ammonia. 

Hair  Stock.  Most  long  hair  is  used  for  other  purposes  than  fer- 
tilizers, but  lai^  numbers  of  South  American  hides  are  imported  for 
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makiiig  leather  and  the  short  hair  from  these  hides  after  being  removed 
by  the  Bweatii^  process  in  tanneries  is  utilized  as  a  source  of  ammonia 
for  fertiliser  manufacture.  The  ammonia  of  the  hair  without  treat- 
ment is  not  available  for  plant  food,  but  durii^  the  process  of  making 
acid  phosphate  the  hair  is  subjected  to  the  hydiofiuoric  acid  fumes  given 
off  when  the  phosphate  rock  is  treated  with  sulphuric  acid  and  becomes 
decomposed;  the  sulphuric  acid  then  unites  wi,tli  it  and  forms  ammonium 
sulphate,  thus  furnishing  available  ammonia, 

Leather  Scrap.  This  is  treated  the  same  as  hair  stock  in  most  cases, 
though  in  some  cases  it  is  dried  till  it  is  brittle  and  then  ground  into 
"  leather  meal." 

Many  states  have  laws  against  the  use  of  either  hair  or  leather  aa 
fertilizers. 

Cotton-seed  MeaL  The  products  obtained  from  the  cotton  seed 
are  lint,  oil,  hulls,  and  meal.  The  meal  only  is  used  in  the  manufacture 
of  fertilizers. 

Cotton-seed  meal  is  obtained  by  grinding  the  cake  which  is  left 
when  the  oil  is  pressed  out.  Its  chief  uses  are  as  a  cattle  food  and 
as  fertilizer.  The  meal  damaged  by  over  heating  can  be  used  only 
for  fertilizer  purposes. 

The  average  amount  of  meal,  hulls,  lint,  and  oil  per  ton  of  seed  is 
as  follows: 

Meal 713  lbs. 

Oil 282    " 

Lmt 30  " 

Hulls 975    " 

Fertilizing  Value  <d  Cotton-seed  Meal.  The  plant  food  in  cotton- 
seed meal  is  chiefly  nitrogen,  so  that  its  fertilizing  value  depends  upon 
the  quantity  of  nitrogen  present.  It  contains,  however,  an  appreciable 
amount  of  phosphoric  acid  and  potash.  The  average  of  204  analyses 
is  as  follows: 

Nitrogen 6.79% 

Phosphoric  acid 2.88 

Potash 1.77 

The  trade  value  for  these  constituents  is  variable  but  taken  at, 
nitrogen,  13  cents,  phosphoric  acid,  7  cents,  and  potash,  6  cents,  the  v^ue 
as  pef  above  analysis  per  ton  would  be: 

Nitrogen $17.65 

Phosphoric  acid 4.03 

Potash 2.12 

This  gives  a  total  value  of  $23.80  per  ton  of  2000  lbs. 
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In  using  cotton-eeed  meal  as  a  fertilizer  it  must  be  borne  in  mina 
that  it  is  essentially  a  nitrogen  provider,  hence  if 'the  soil  requires 
phosphoric  acid  and  potash  as  well  as  nitrogen,  the  meal  should  only 
be  used  in  connection  with  some  form  of  fertiliser  furnishing  these  other 
materials. 

While  the  hulls  are  not  used  as  fertilizer,  still  it  is  of  interest  to 
note  their  analyses  as  follows: 

Nitrt^n 0.69% 

Phosphoric  acid 0.25 

Potash 1.02 

Taking  same  values  as  above  this  would  i^ve  a  value  of  S3.35  per  ton. 

In  1905,  3,308,930  tons  of  cotton  seed  were  produced  with  a  value 
of  J51,309,175. 

OOier  Meals  Not  Much  Used.  Castor  pomace  obtained  after  oil 
pressed  from  castor  beans,  grape  or  tartar  pomace,  the  refuse  argols 
from  manufacture  of  cream  of  tartar,  and  flaxseed  meal  obt»ned  from 
pressed  fl&xseed  are  not  of  much  importance.  They  contain  varying 
amoimts  of  nitn^n,  phosphoric  acid,  and  potash. 

Utilization  <rf  Tank  Water  and  Press  Water  fr<Hn  Tankage.  After 
meat  scrap  has  been  cooked  in  the  rendering  tanks,  it  is  allowed  to 
settle  to  the  bottom.  The  water  and  grease  rise  to  the  top  and  the 
grease  is  drawn  off.  The  tank  water  is  then  run  into  a  storage  vat  together 
with  the  water  pressed  from  the  tankage.  This  storage  tank  is  pro- 
vided with  heating  coils  in  the  bottom.  The  water  is  here  heated 
to  about  170°  Fahr.,  .at  which  temperature  any  further  grease  which 
rises  is  skimmed  off.  It  is  important  to  remove  as  much  of  the  grease 
as  possible  as  it  will  interfere  with  the  further  process  of  evaporation. 
Most  of  the  evaporating  is  done  in  double  and  triple  effect  evaporators. 
Fig.  1£6.  Working  with  a  triple  effect  the  tank  water  is  drawn  into 
the  Srst  effect  in  such  a  quantity  that  it  covers  the  heating  space. 
When  the  steam  is  turned  on  it  brings  the  water  into  rapid  circulaticn 
and  it  begins  to  throw  off  vapor,  which  is  conducted  into  the  tube  space 
of  the  n&rt  effect.  When  the  first  effect  is  working  under  a  vacuum 
of  5  to  10  ins.  and  .under  a  steam  pressure  of  about  2  to  5  lbs.,  the 
second  effect  boils  under  a  vacuum  of  about  15  ins.  The  vapor  which 
then  arises  from  the  second  effect  is  conducted  into  the  tube  space  ot 
the  third  effect  which  boils  under  a  vacuum  of  26  ins.  The  vacuum 
pump  attached  to  the  evaporating  plant  is  sucking  directly  on  the  third 
effect  and  condenses  the  vapor  which  is  thrown  off  from  this  third  effect. 

The  tank  water  is  kept  at  the  same  level  in  all  three  effects  and  as 
it  boils  down  it  is  drawn  over  from  the  second  to  the  third  and  from 
the  first  to  the  second,  and  fresh  water  is  run  into  the  first  effect.  In 
some  evaporators  this  feeding  of  the  tank  water  is  automatic,  the  valves 
being  left  open  so  as  to  iJlow  the  tank  water  to  run  slowly  from  one  effect 
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to  the  next  until  the  liquid  ia  the  third  effect  is  ao  heavy  that  it  is  ready 
to  be  pumped  out. 

The  density  of  this  tank  water  (which  after  completion  of  evaporation 
is  called  "  stick  ")  is  from  26  to  30°  B4.  at  the  temperature  of  the  evap- 
orator. This  "  stick  "  is  pumped  up  in  a  storage  vat  provided  with 
f^tators  and  from  this  vat  it  is  either  run  to  the  dryers  which  are  drying 
the  tankage  and  thus  mixed  with  it,  or  is  mixed  with  chemicals  such  as 
green  vitriol  and  dried  on  internally  steam  heated  rotating  drum  dryers. 
In  this  latter  coudition  after  beii^  dried  it  is  called  "  concentrated 
tankage  "  and  runs  15  to  17  per  cent  ammonia.  The  green  vitriol  is 
added  to  keep  the  material  from  absorbing  moisture  uid  reverting  back 
to  the  sticky  coudition,  as  it  is  very  hydroscopic.  In  present  practice 
most  of  the  "  stick  "  is  dried  with  the  tankage,  thus  rai»ng  the  per- 
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centage  of  ammonia  in  the  tankage  and  doing  away  with  the  handling 
of  a  second  product. 

Slaughter  House  Tankage.  In  all  slaughter  houses  the  sdfap  meat 
ia  saved  and  treated  for  the  production  of  "tankage."  As  all  this 
material  has  more  or  less  grease  still  adhering  to  it,  it  is  first  placed 
in  large  tanks  and  boiled  under  pressure  till  the  grease  has  left  the 
meat  and  the  bone.  The  scrap  is  then  allowed  to  drop  to  the  bottom 
of  the  tank  and  the  liquor  ia  drawn  off  into  targe  vats.  After  the 
grease  has  risen  to  the  top  it  is  withdrawn.  The  remaining  liquor  is 
then  treated  for  its  fertilizii^  constituents  as  given  elsewhere  under 
"  concentrated  tankage." 

The  scrap  meat  and  bone,  or  as  it  is  called  "  tankage  "  is  now  pressed  to 
free  it  as  much  as  possible  from  the  water  and  adhering  grease  and  ia 
then  dried  in  rotary  direct-beat  or  steam  drj-ers.    It  is  then  ready  for  sale* 
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Is  plants  where  the  liquors  are  evaporated  for  "  coocentrated 
«nkage"  it  is  a  general  practice  to  mix  the  "  stick"  or  thick  liquor 
obtuned  by  evaporation  directly  with  the  tankage  before  drying.  Tliia 
nuses  the  percental  of  ammonia  and  at  the  same  time  does  away  with 
the  making  of  a  second  product. 

There  are  several  grades  of  tankage  made,  depending  on  the  quantity 
of  bone  present-  In  small  plants  practically  all  the  bone,  except  the  very 
largest  pieces,  are  left  with  the  tankage.  This  gives  a  product  runnit^ 
low  in  ammonia  and  high  in  bone  phosphate.  Such  tankage  may  run 
from  5  to  8  per  cent  ammonia  and  up  to  25  to  30  per  cent  bone  phoephate. 

In  the  larger  plants,  such  as  the  Chicago  packing  plants,  more  care 
is  taken  to  remove  the  bone,  thus  giving  a  tankage  of  higher  ammonia   , 
content  and  lower  bone  phosphate.     This  will  run  about  11  per  ceAt 
ammonia  and  15  per  cent  bone  phosphate. 

There  are  three  usual  grades  of  tankage  quoted  in  dfuly  market- 
reports  as  follows: 

11  per  cent  ammonia  and  15  per  cent  bone  phosphate, 
10  per  cent  ammonia  and  20  per  cent  bone  phosphate,  and 
9  per  cent  ammonia  and  20  per  cent  bone  phosphate. 

The  steaming,  pressing,  and  drying  do  not  remove  all  the  grease. 
The  best  that  can  be  done  is  to  get  it  down  to  6  to  8  per  cent  on  the 
basis  of  the  dried  material,  while  frequently  where  factory  practice  is 
bad  it  will  run  as  Mgh  as  20  per  cent.  This,  of  course,  lowers  the  per- 
centage of  both  ammonia  and  bone  phosphate.  As  the  grease  balls  the 
materia]  and  renders  it  hard  to  grind,  its  presence  in  large  quantity 
leaves  the  tankage  in  bad  condition  for  making  into  complete  fertilizer. 
Where  the  fire  hazard  is  not  too  great,  and  the  plant  is  large  enough, 
naphtha  extraction  is  used  to  remove  this  grease  from  the  dried  tankf^. 
Frequently  in  neighborhoods  where  a  centrally  located  plant  can  obtain 
tankage  from  a  number  of  small  packing  houses,  naphtha  extraction 
is  employed,  so  that  the  grease  and  the  grease-free  tankage  may  be 
obtained.  The  grease  is  removed  in  these  plants  by  subjcctit^  the  tankage 
to  the  solvent  action  of  naphtha  under  pressure  in  lai^e  tanks  holding 
from  10  to  20  tons  of  tankage.  After  a  number  of  hours  treatment,  the 
temperature  is  reduced  and  the  naphtha  withdrawn.  Live  steam  is  then 
blown  in  to  remove  the  excess  of  naphtha,  the  tankage  finally  with- 
drawn and  spread  over  a  lai^e  area  to  let  the  remaining  naphtha  evaporate. 
This  process  will  remove  all  but  1  or  2  per  cent  grease. 

Garbage  Reduction.^  The  garbage  is  collected  in  wagons  which 
have  watertight  steel  bodies  and  sectional  canvas  covers.  It  is  hauled 
to  the  central  loading  station  and  dumped  into  the  garbage  cars.  The 
cars  are  constructed  in  semicircular  bodies  designed  especially  for  hand- 
lii%  garbage. 
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The  garbage  when  delivered  is  weighed  on  railway'track  scales  and  then 

nm  into  the  green  garbage  building,  Fig.  197,  on  a  sidii^  which  extends 

through  it.    The  free  water  is  drained  off  through  a  gutter  extending  the  full 

length  of  the  building.     The  swill  water  from  the  gutter  is  drained  mto 

a  catch-basin,  from  which  it  is  dis- 

chai^ed    into    the    grease   separating 

tanks  after  which  it  is. evaporated. 

The  garbage  is  sorted  and  shoveled 
into  a  scraper  conveyor,  extending  the 
full  length  of  the  building.     This  is  a 
Jeffrey  type  conveyor  and  extends  to 
the  main  building,  carrying  Ihegarbage 
along  the  incline  truss  to  the  top  of 
the  m^  building  and  then  aloi^  the 
bottom  chord  of  the  roof  truases  and 
over  the  tops  of  the  digesters.     Con- 
's    necting  the  conveyor  with  the  digesters 
g     are  swivel  spouts  which  discharge  the 
g     garbage  directly  into  the  digesters, 
'f  The  digesters  are  7  ft.  in  diameter 

"2     by  14  ft.  in  length  and  have  a  capacity 
^     of  10  to  12  tons  each.     The  inside  is 
S"    lined  with  cement  and  tile  li  ins.  thick 
a     so  as  to  protect  the  digester  from  wear, 
9     due  to  the  agitating  of  the  gritty  matter 
i^     when  boiling,  and  at  the  same  time  to 
".     resist  the  action  of   the   acids  which 
^     would  attack  the  metal.     The  d^est- 
ers  are  arranged  in  nests  of  four  and 
are  connected  with  a  common  receiving 
hopper  which  b  directly  connected  to 
the  roller  presses.    The  four  digesters, 
one  receiving  hopper  and  a  rdler  press 
are  called  one  unit.    The  time  required 
for  cooking  varies  with  the  Idud  of 
garbage,  but  averages  6  hours  with 
steam  at  60  to  70  lbs.  pressure  as  it 
enters  the  digesters. 

The  presses  which  are  connected 
with  the  hopper  are  of  the  oontinu* 
ous  rdler  type,  especially  designed  by  Charles  Edgerton  for  handling 
garbage.  They  are  directly  connected  to  the  bottom  of  the  receiving 
hopper  so  that  the  material  from  the  digesters  passes  throu^  the  presses 
without  being  exposed.  The  press  is  provided  with  an  upper  and  lower 
conveying  apron.     The  upper  apron  is  made  of  i-in.  steel  slats  riveted 
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to  a  heavy  forged  steel  chain.  The  upper  apron  acts  as  the  bottom  of 
the  receiving  hopper,  and  when  the  press  is  running,  carries  the  material 
through  the  feeding  rolls  and  discharges  it  onto  the  lower  apron.  The 
\ower  aproa  is  made  of  perforated  slats  |  in.  in  thickness  and  passes 
between  six  cast  iron  rolls  arranged  in  pairs. 

The  pressed  material  is  dischai^ed  at  the  front  of  the  press  into  a 
Jeffrey  scraper  conveyor,  which  carries  the  material  to  the  second  floor 
of  the  drying  department.  The  water  and  grease  flow  from  the  presses 
to  catch-basins  in  the  grease  separating  room.  The  grease  is  drawn 
oS  and  pumped  into  Btorage  tanks  ready  for  shfpment. 

The  liquor  coming  from  the  presses  carries  more  or  less  solid  matter 
in  suspension.  These  solids  are  known  as  muck  and  silt.  The  muck 
settles  to  the  bottom  of  the  grease  separating  tanks  and  the  silt  rises  to 
the  top  of  the  water.  The  tank  water,  after  the  grease  has  been 
separated,  is  drawn  off  to  a  large  storage  tank  outside  the  bmlding. 
The  tank  crater  contains  5  to  7  per  cent  of  solids  in  solution;  it  is  con- 
centrated in  a  triple  effect  evaporator.  After  concentration  the  tank 
water  is  drawn  off  by  a  Magma  pump  and  discharged  into  a  storage 
tank  on  the  second  floor. 

The  muck  and  silt  from  the  grease  separating  tanks  are  placed  in 
a  screw  press  from  which  the  liquor  flows  to  the  catch-basins  and  the 
solids  pass  along  the  scraper  conveyor  to  the  dryer  room.  The  so^ds 
are  then  fed  to  a  revolving  steam  heated  cylindrical  dryer.  The  material 
is  fed  into  the  dryer  continuously  and  discharged  by  means  of  two 
short  spiral  conveyors  placed  at  the  opposite  end. 

The  dried  material  is  then  [)assed  through  the  revolving  screen.  The 
screened  tankage  is  then  placed  in  the  vacuum  or  mixing  dryers,  and 
the  concentrated  syrup  added.  The  dry  fibrous  material  acts  as  a 
filler  and  enables  the  moisture  in  the  syrup  to  be  driven  off.  The  addition 
<tf  the  syrup  to  the  fibrous  material  produces  a  higher  grade  of  tankage 
from  a  mechanical  and  fertilizing  standpoint. 

The  dryers  are  15  ft.  long  and  5  ft.  in  diameter.  Through  the  center 
of  each  dryer  is  a  shaft  to  which  paddles  are  attached  for  agitating 
and  mixing  the  material.  When  dry,  the  material  is  discharged  into 
another  spiral  conveyor  connected  to  a  Jeffrey  bucket  elevator,  which 
dischan^  the  tankage  onto  the  third   floor,  where    it  is  stored  until 


The  Phosphate  Rock  Industry.  From  time  to  time  various  deposits  of 
phosphate  rock  have  been  found  and  mined  throughout  the  world,  but 
the  principal  workii^s  to-day  are  to  be  found  in  Florida,  South  Carolina, 
and  Tennessee  in  the  United  States,  in  Algeria  and  Gafsa  in  North  Africa, 
and  in  Ocean  and  Christmas  islands  in  the  far  east. 

The  first  serious  attempt  to  obt^n  phosphate  in  this  country  was 
in  Canada,  mining  what  is  known  as  Canadian  apatite.  This  is  a  very 
high  grade  material,  but  it  was  very  expensive  to  mine  and  when  in  1870 
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the  South  Carolina,  and  in  18S8  the  Morida  deposits  were  marketed, 
it  could  not  compete  with  them.  The  rock  in  South  Carolina  is  found 
in  two  grades — river  and  land  pebble.  It  is  deposited  in  considerable 
quantities  aloI^;  the  margins  of  navigable  streams  and  in  the  river  beds 
between  Charleston  and  Beaufort.  The  rock  of  Northern  Africa,  on 
account  of  its  locality,  is  consumed  entirely  in  Europe,  and  the  pro- 
duction of  the  East  Ini^es  finds  its  market  m  Japan  and  Australia  as  well 
as  in  Europe. 

Florida  Pho^hate.  In  1889  pebble  phosphate  was  discovered  in 
De  Soto  County.  Several  months  later  land  rock  phosphate  was 
uncovered  at  Dunellon  in  Marion  County.  This  is  the  most  valuable 
of  the  Florida  phosphates  and  its  discovery  at  once  caused  the  invest- 
ment of  large  amounts  of  capital.  In  th«  following  year  plate  rock 
phosphate  was  discovered  at  Anthony  in  Marion  County.  Land  rock 
phosphate  is  unlike  the  river  and  land  pebble  phosphate.  The  deports 
in  Florida  are  as  a  rule  about  175  by  15  miles  in  area,  parallel^with  the 
coast,  and  about  20  miles  inland.  Plate  rock  phosphate  is  mined  only 
in  a  limited  section  of  Marion  County.  It  acts  as  a  covering  for  lime- 
stone cones  and  is  from  6  ins.  to  1  ft.  in  thickness. 

Pebble  rock  phosphate  is  almost  entirely  of  marine  formation  and 
is  located  in  the  beds  of  small  rivers  and  lakes  and  in  areas  originally 
covered  with  water.  It  is  found  far  back  from  the  coast  in  areas  about 
20  by  60  miles  in  extent  and  in  tonnage  produced  surpasses  both  land 
and  plate  rock.  Pebble  rock  occurs  in  the  form  of  rounded  pebbles 
varying  up  to  a  size  somewhat  smaller  than  a  hen's  egg.  When  a  deposit 
is  located  it  is  first  thoroughly  prospected  by  bonng  with  a  core  boring- 
machme,  as  by  this  means  the  depth  of  the  bed  is  ascertained  as  well 
as  the  grade  of  the  various  layers  of  phosphate  encountered. 

The  mining  b  hydraulic.  Powerful  streams  of  water  are  thrown 
E^Eunst  the  edge  of  the  bed  and  the  phosphate  gravel  together  with  the 
sand  and  clay  is  washed  into  a  hole  about  10  ft.  in  diameter  and  10  to 
15  ft.  deep.  The  gravel  is  sucked  up  from  this  hole  by  means  of  a 
pipe  and  run  to  the  mill  which  may  be  half  a  mile  or  more  away.  Here 
it  is  passed  over  screens  which  allow  the  fine  silt  and  sand  to  escape 
while  the  phosphate  pebbles  are  caught.  This  serves  to  wash  the  rock 
and  it  is  then  [)assed  through  direct-heat  rotary  dryers  and  carried  by 
belts  to  the  storage  bins,  ready  for  shipment. 

As  contracts  are  made  for  from  3  to  10  years  shipments,  it  is  very 
necessary  that  the  property  shall  be  thoroughly  prospected,  as  it  is 
necessary  to  know  what  grade  rock  can  be  obtiuned  from  different  parts 
of  the  property.  The  prospecting  is  remarkably  accurate.  The  actual 
factory  returns  usually  show  a  yield  agreeii^  within  1  per  cent  of  what 
the  prospecting  had  indicated. 

Another  method  of  mining  this  rock  is  by  means  of  dredges  which 
scoop  the  rock  from  the  bottom  of  the  river  or  lake  and  dump  it  into 
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cftrs  which  carry  it  to  the  millB.  The  extent  of  the  bed  of  rock  is 
ascertained  by  prospectii^  in  a  manner  similar  to  the  above  imtil  the 
area  suitable  for  working  is  determined.  The  dredge  is  then  brought 
up  the  ri^er  to  the  point  where  operations  are  to  be^  and  starts 
di^ng  into  the  side  of  the  bank  throwii^  the  scooped  up  material  into 
the  cars.  In  some  cases  suction  dredges  are  used  and  a  partial  separation 
of  the  rock  and  clay  made  on  the  dredge,  the  rock  being  dumped  into 
cars  and  the  sludge  thrown  out. 

The  bulk  of  the  land  pebble  runs  from  68  to  70  per  cent  bone  phos- 
phate, while  high  grade  hard  rock  runs  76  to  78  per  cent.  The  iron 
and  alumina  content  is  about  2  to  3  per  cent. 

Tennessee  Brown  Rock  Phosphate.  The  Tennessee  phosphates  occur 
almost  entirely  in  siluriaa  and  devoMan  strata,  but  more  particularly  in 
the  tonner,  and  in  the  transition  strata  between  the  two.  In  December, 
1893,  blue  rock  phosphate  was  discovered  in  Hickman  County.  The 
beds  of  brown  rock  in  this  vicinity  which  are  the  finest  phosphate  deposits 
in  the  world,  were  not  worked  till  later.  Some  45,000,000  tons  of  this 
brown  rock  are  estimated  as  being  available  for  mining  in  this  district. 
New  fields  are  being  continually  opened  up,  railroads  built  and  lai^e 
quantities  shipped.  As  the  brown  rock  of  this  locaUty  is  gradually  used, 
the  vast  blue  rock  fields  of  Maury,  Hickman,  and  Lewis  Counties  will 
come  into  active  development. 

This  brown  rock  lies  in  strata  formation  with  layers  of  clay  and 
earth  as  overburden.  This  overburden  is  stripped  by  hand  or  steam 
shovel  and  the  soft  wet  phosphate  taken  out  either  by  hand  or  steam 
shovel.  It  is  carried  to  the  washers  where  it  is  freed  from  the  most 
of  the  clay  and  dirt.  On  account  of  the  porous  nature  of  this  rock,  the 
clay  is  disseminated  all  through  it  and  it  is  very  difficult  to  get  rid 
of  all  the  clay  by  the  use  of  simple  log  washers.  Many  types  of 
washers  are  used,  the  most  efficient  being  the  form  used  in  cleaning 
glass-makers  sand.  This  is  done  by  pumping  the  fine  material  through 
pipes  havii^  sharp  angles  where  the  pressure  is  greatly  increased.  The 
clay  is  washed  out  in  this  manner  and  the  clean  rock  is  finally  delivered 
to  very  deep  settling  tanks  where  the  muddy  water  holding  the  clay 
in  suspen^on  is  drawn  ofF  and  the  heavier  rock  which  settles,  after  the 
tank  is  filled,  is  dried  in  rotary  (Urect-heat  dryers  and  is  then  ready  for 
shipment. 

This  method  is  so  efficient  that  a  hand-car  load  of  rock  dumped  through 
a  space  of  20  ft.  will  hardly  r^se  any  dust,  whereas  the  rock  cleaned  by 
ampler  and  less  efficient  means  will  carry  so  much  clay  dust  that  a 
cloud  of  dust  rises  whenever  it  is  disturbed. 

Many  of  the  smaller  plants  simply  sun-dry  the  material,  after  it  is 
di^,  by  spreading  it  on  the  fields  and  frequently  turning  with  a  harrow. 
When  the  rock  b  kiln-dried,  lai^  piles  of  wood  are  prepared  about 
10  ft.  across  and  20  to  40  ft.  loi^  and  5  to  6  ft.  high.    The  wet  rock  is 
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piled  on  top  and  the  wood  fired.    In  case  a  storm  comes  up  during  the 
drying   the  whole   operation   has   to   be   repeated,  causing  considerable 


Much  of  the  material  that  b  washed  in  log-washers  o»  by  use  of 
revolving  screens  is  more  thoroughly  cleansed  of  the  adhering  clay  by 
blowing  a  very  strong  blast  of  air  through  the  direct-heat  dryers  thus 
blowing  off  the  lighter  dust,  or  floats.  This  gives  a  fairly  good  material 
but  the  loss  in  phosphate  is  rather  large  as  the  floats  will  test  from  50 
to  60  per  cent  bona  phosphate.  It  is  very  important  to  reduce  the  clay 
as  much  as  possible  as  well  as  the  iron  and  alumina  phosphate,  as  these 
prevent  the  makii^  of  high  available  acid  phosphate. 

Tennessee  Blue  Rock.  This  rock  is  found  in  a  territory  bounded 
approximately  by  a  trapezoid  having  at  its  four  corners  Centreville  in 
Hickman  County,  Kinderhook  and  Mt.  Joy  in  Maury  County,  and 
Lewis  Monument  in  Lewis  County.  Traverang  this  territory  are  Duck 
River,  Indian,  Swan,  Blue  Buck,  and  Cathay's  Creeks,  and  outcropping 
along  these  valleys  and  underlying  the  ridges  between  them  are  deposits 
of  blue  rock  ninniag  in  bone  phosphate  from  60  to  78  per  cent,  with  leas 
than  3  per  cent  iron  and  alumina  oxides,  that  will  a^regate  nearly 
40,000,000  tons. 

Tennessee  White  Rock  Phosphate.  The  deposits  of  white  phosphate 
in  Perry  County,  Tenn,  have  been  formed  by  the  deposition  of  phos- 
phate from  solution  on  the  beds  of  limestone  caverns.  They  are  not 
of  very  great  extent.  Most  of  it  is  mined  by  means  of  open  cut  work 
although  some  tunneling  is  done.  It  lies  in  beds  varyii^  from  a  few 
inches  to  several  feet  in  thickness. 

Carefully  selected  specimens  of  the  lamellar  variety  have  run  from 
85  to  90  per  cent  of  bone  phosphate.  The  less  dense,  greenbh  material 
contfuns  some  ferrous  iron  and  runs  slightly  less  than  80  per  cent. 

South  Carolina  Phosphate  Rock.  This  rock  occurs  in  the  form  of 
nodules  ranging  in  size  from  a  pea  to  pieces  the  nize  of  a  man's  head, 
and  is  found  both  upon  the  land  and  in  the  river  beds.  On  the  land 
the  phosphate  bearing  strata  are  usually  covered  with  sand  to  a  depth 
of  6  to  10  ft.,  and  vary  from  one  to  several  feet  in  thickness.  The 
mining  on  land  is  done  by  steam  shovels  which  remove  first  the  over- 
burden and  then  the  rock,  which  is  screened,  washed  and  dried.  In 
the  river  beds  a  dredge  is  used  to  get  out  the  rock  which  is  then  dried 
as  usual.  It  runs  from  SO  to  60  per  cent  bone  phosphate  and  about 
6  per  cent  iron  and  alumina  oxides. 

The  Western  Deposits  of  Phosphate.  As  yet  these  deposits  occurring 
in  northern  Utah,  southeastern  Idaho  and  southwestern  Wyoming, 
while  very  laige,  are  at  present  not  developed,  but  they  promise  to  l>e 
very  large  producers  in  the  near  future. 

Phosphates  in  the  South  Seas.  The  islands  of  the  Pacific  Ocean 
contain  the  largest  known  deposits  of  high  grade  phosphates.       The 
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depomtfl  in  Ocean  and  Pleasant  Islands  in  the  Gilbert  group  are  estimated 
at  50,000,000  tons.  About  300,000  tons  yearly  is  being  mined  and  shipped. 
About  100,000  tons  is  t^en  to  Japan,  80,000  to  Australia,  and  the 
remainder  to  Europe.  Europe  also  receives  yearly  about  100,000  tons 
from  Christmas  Island.  Recently  good  grade  phosphate  has  been  found 
on  the  islands  in  the  French  colony  of  Tahiti  and  dependencies.  These 
islands,  Makatea,  Matahiva,  and  Niau,  lie  in  the  northwestern  part 
of  the  Tuamotu  Archipelago.  The  high  grade  deposits  in  Makatea 
are  estimated  at  10,000,000  tons  with  many  million  more  tons  of  lower 
grade.  These  deposits  range  from  73  to  80  per  cent  bone  phosphate 
content.  It  is  estimated  that  when  the  works  are  completed  and  working 
at  full  capacity  200,000  tons  y^ly  will  be  shipped.  This  island,  together 
with  the  island  of  Angaur  about  600  miles  to  the  east  of  the  Philippine 
island  of  Mmdanao,  is  a  coral  island  and  has  been  for  ages  the  resort 
of  countless  flocks  of  marine  butls.  Their  excrement  accumulated  in 
vast  quantities,  but  was  not  preserved  unchanged  as  is  the  case  in  the 
guano  islands.  The  heavy  rains  of  this  section  of  the  Pacific  caused 
a  steady  leachii^  of  the  soluble  phosphates,  which,  coming  in  contact 
with  the  porous  coral  growth  beneath  of  pure  calcium  carbonate  gradually 
changed  it  into  calcium  phosphate. 

Thomas  or  Belgian  Slag.  Thomas  or  basic  slag  is  a  by-product 
in  the  modem  method  of  steel  manufacture  from  ores  containing  noticeable 
quantities  of  phosphorus.  The  process  of  removii^  the  phosphorus  fnHu 
the  ore  was  first  discovered  by  the  English  engineeers  Gilchrist  and  Thomas 
and  consists  in  adding  to  the  converter  containing  the  milled  ore  a 
definite  quantity  of  freshly  burnt  lime,  which,  after  powerful  reaction, 
is  found  to  be  united  with  the  phosphorus  and  swims  on  the  top  of  the 
molten  steel  in  the  form  of  a  slag. 

The  composition  varies  according  to  the  character  of  the  ore  and  the 
success  of  the  process  for  removing  the  impurities.  The  following  figures 
are  typical: 

Phosphoric  acid. ..'. 11-23% 

Silicic  acid 3-13 

Calcium  oxide 38-59 

Ferrous  and  ferric  oxides 6-25 

Protoxide  of  manganese 1-6 

Alumma 0.2-3.7 

Magnesia 2-8 

Sulphur 0.2-1.4 

The  fertilizing  value  of  the  slag  was  not  recognized  for  a  long  time. 
A  Gondderable  portion  of  its  phosphoric  acid  was  found  to  be  soluble 
in  dilute  citric  and  carbonic  acids,  which  led  to  successful  field  experi- 
ments. The  only  preparation  of  the  slag  for  fertihzer  purposes  when 
its  value  was  first  recognized,  consisted  in  having  it  finely  ground  in 
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specially  prepared  mills  so  that  75  per  cent  would  pass  a  sieve  of  0.17 
mm.  mesh.  This  requirement  was  suggested  by  M.  Fleischer,  who  used 
the  slag  with  much  success  in  improving  marsh  and  meadow  lands. 

Previous  to  1890,  by  means  of  pot,  as  well  as  by  laboratory  experi- 
ments, Wagner  demonstrated  that  the  phosphoric  acid  in  different  slags 
of  the  same  d^ree  of  fineness,  varied  in  its  availability  from  30  to  90  per 
cent,  and  further  that  many  brands  were  adulterated  with  Belgian  and 
other  insoluble  phosphates.  The  vt^ue  is  now  determined  by  finding 
the  percentage  of  phosphoric  acid  soluble  in  a  2  per  c^t  citric  acid 
solution,  and  these  results  are  foimd  to  approximate  very  closely  the 
results  obtained  by  pot  experiments. 

The  form  in  which  the  phosphoric  acid  exists  in  the  slag  has  never 
been  fully  ecplained.  It  was  formerly  supposed  that  it  was  combined 
with  lime  as  a  tetracalcium  phosphate  and  that  this  latter  compound 
being  less  stable  than  tricalcium  phosphate,  under  the  influence  of  dilute 
acids  became  easily  avfulable  to  the  plants  by  being  decomposed  into 
the  calcium  salt  of  the  dissolving  acid,  and  ticalcium  phosphate.  The 
tetracalcium  phosphate,  however,  has  never  been  made  artificially,  although 
it  has  been  recognized  xmder  the  microscope  in  the  slag  and  exists  as  a 
mineral  under  the  name  cf  Isoklas. 

More  recent  investigations  have  shown,  as  already  indicated,  that 
those  slags  of  lilce  phosphoric  acid  content  which  are  richest  in  mlicic 
acid  ^ve  the  best  results.  Hence  the  conclusion  has  been  drawn  that 
a  part  of  the  lime  must  be  in  the  fonn  of  silicate.  It  is  now  generally 
held  that  the  phosphoric  acid  is  combined  in  the  slag  as  a  double  salt 
of  tricalcium  phosphate  and  calcium  silicate  and  that  in  this  form  the 
root;  are  able  to  utiUze  it.  It  is  also  beheved  that  some  of  the  phos- 
phoric acid  is  more  or  less  united  with  iron  as  a  basic  iron.phosphate. 

Bone.  Bones  consist  of  two  distinct  kinds  of  matter.  One  is  mineral 
in  character  and  consists  of  phosphate  of  lime  or  true  bone  phosphate; 
the  other  is  organic,  consisting  of  a  flesh-like  matter  called  ossein,  which 
contains  much  nitrogen.     An  average  analysis  of  bones  is  as  follom: 

Moisture 34.20% 

Mineral  matter  (ash) 22.80 

Fata 20.50 

Albuminoids 20.60 

Undetermined  organic  matter 1.90 

The  ash  contained 

Calcium  pliosphate 87.40% 

Calcium  carbonate 11.50 

Undetermined  mineral 1 .  10 

Bones  as  a  somx^e  of  phosphoric  acid  for  fertilizer  manufacture 
come  on  the  market  in  several  forms.     In  large   packing  houses  or   in 
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localities  where  large  amounts  of  bone  can  be  collected,  they  are  treated 
for  the  extraction  of  the  gelatine,  of  which  they  contain  about  33  per 
cent.  To  extract  the  gelatine  the  bones  are  steamed  in  tanks  under 
40  Ibe.  pressure  for  three  or  four  hours.  The  gelatine  beinf;  dissolved 
and  the  grease  liberated,  rises  to  the  top.  The  grease  is  skimmed  off 
and  the  liquor  containing  the  gelatine  drawn  off  for  further  treatment. 
The  bones  with  some  meat  still  adhering  are  removed  from  the  tanks, 
dried  and  ground,  producing  "steamed  bone  meal."  This  contains 
from  4  to  4J  per  c^it  ammonia  and  22  to  24  per  cent  bone  phosphate. 
If  steamed  at  a  pressure  of  50  to  60  lbs.  and  for  a  loiter  time,  more  of 
the  gelatine  is  removed  and  the  meal  runs  correspondingly  lower  in 
ammonia.  Raw  bone  is  lx>Qe  that  has  l>een  lx>iled  in  open  kettles  to 
remove  the  grease  and  gelatine;  this  method,  however,  is  not  so  efficient 
as  steaming  under  pressure  and  the  bone  meal  runs  higher  in  ammonia 
and  lower  in  phosphoric  acid. 

Bone  Black.  For  use  in  sugar  refining,  bones  are  calcined  until  black 
and  brittle.  This  removes  all  the  organic  matter  and  renders  them  very 
porous.  After  their  value  to  the  sugar  refiner  is  gone,  they  are  sold  to 
the  fertilizer  manufacturer  as  bone-black,  cont^ning  about  30  to  35 
per  cent  phosphoric  acid  and  no  ammonia.  * 

Part  of  the  phosphoric  acid  in  steamed  or  raw  bone  meal  is  in  the 
avulable  form.  This  class  of  bone  is  a  very  good  fertilizing  material 
as  the  phosphoric  acid  is  decomposible  in  the  ground  and  in  the  course 
of  four  or'  five  years  is  rendered  all  available,  thus  furnishing  a  steady 
supply  of  phosphoric  acid  to  plant  growth.  The  phosphoric  acid  of 
bone-black  or  bone  ash  is,  however,  entirely  unavailable  without  treat- 
ment with  acid.  Superphosphate  and  dissolved  bone-black  are  terms 
applied  to  the  bone  meal  and  bone-black  which  have  been  acidulated 
80  that  the  phosphoric  acid  is  rendered  available  for  plant  growth. 

Chemistry  of  the  Manufacture  of  Add  or  Super-phosphate.  The 
reaction  which  takes  place  on  the  addition  of  sulphuric  acid  to  phosphate 
rock  or  bone  is  as  follows; 

3Ca3(PO4)a-|-6H2S04+12H20=4H3p04+Caa(P04)3+6CaSO4-2H3O 

and 

4H3PO*-t-Ca8(P04)a-|-3H20=.3CaH4(P04)2H20 

A  simpler  form  of  the  reaction  is  expressed  as  follows : 

Ca3{P04)2-(-2H2S04+5H20  =  CaH4(P04)2-H30-t-2CaS04-2H20. 

If  310  parts  by  weight  of  finely  ground  tricalcic  phosphate  be  mixed 
with  196  parts  of  sulphuric  acid  and  90  parts  of  water,  and  the  resulting 
jelly  is  quickly  diluted  with  water  and  filtered,  there  will  be  found  in  the 
filtrate  about  three-quarters  of  the  total  phosphoric  acid  as  free  acid. 
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If,  however,  the  jelly  at  firat  formed  as  above,  is  left  to  become  dry  and 
bard,  the  filtrate,  whea  the  mass  is  beaten  up  with  water  and  filtered, 
wilt  (xmtaJD  monocalcic  phosphate  CaHPO^. 

If  the  quantity  of  sulphuric  acid  used  is  not  sufficient  for  complete 
decompodtiou,  the  dicalcium  salt  is  formed  directly  according  to  the 
foUowii^  reaction: 

Ca3(P04)a+H2S04  +6H20  =  Ca2Ha(P04)2  •4H20+CaS04  ■  2H20. 

This  arises  doubtless  by  the  formation  at  first  of  the  r^ular  mono- 
calcim  salt  and  the  further  reaction  of  this  with  the  tricalcium  com- 
pound as  follows: 

CaH4(PO4)2+H3O+Ca3(PO4)2+7H20=2Ca3H3(PO4)2-4Ha0. 

This  reaction  represents,  theoretically,  the  so-called  reversion  of  the 
phosphoric  acid.  When  there  is  an  excess  of  the  sulphuric  acid  there 
is  a  complete  decomposition  of  the  calcium  salts  with  the  production 
of  free  phosphoric  acid  and  gypsum.  This  reaction  is  represented  as 
follows: 

Ca8(PO4)a+3H2SO4+6H2O=2H3PO4-|-3{CaSO4-2Ha0). 

The  crystallized  gypsum  absorbs  the  6  molecules  of  water  in  its  structure, 
Reactions  wiOi  Fluwides.  Since  calcium  fluoride  is  present  in  neariy 
all  mineral  phosphates,  the  reactions  of  this  compound  must  be  taken 
into  Gon^deration  in  the  chemistry  of  this  subject.  When  treated  with 
sulphuric  acid  the  foUowing  reaction  takes  place: 

CaFa+H2S04=2HF-f-CaS04. 
The  free  HF  then  reacts  with  any  sihca  present  as  follows: 
4HF+Si02  =  2H20+SiF4. 

This  compound,  however,  is  decomposed  at  once  in  the  presence  of  water, 
forming  hydrofiuosilicic  acid,  as  follows: 

3SiF4  +2H2O  =  Si02-f-2H2SiFa. 

The  presence  of  fluorides  is  very  objectionable  both  on  account  of  the 
dangerous  gases  evolved  during  the  manufacture  and  because  100  lbs. 
of  calcium  fluoride  will  consume  125.6  lbs.  of  the  sulphuric  acid. 

Reaction  with  CarlxMiates.  Most  mineral  phosphates  contain  car- 
bonates in  varying  quantities.  On  treatment  with  sulphuric  acid  these 
are  decomposed  as  follows: 

CaCOa + H2SO4  =  CaSOj + HsO+COa. 

When  present  in  only  moderate  quantities  they  are  not  objectionable 
as  the  reaction  produces  a  rise  in  temeprature  throughout  the  mass, 
and  the  CO3  formed  permeates  and  lightens  the  whole  mass,  assisting 
thus  in  completing  the  reaction  by  leaving  the  mass  porous,  and  capable 
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of  being  easily  dried  and  pulverized.  When  lai^  quantitiea  are  present, 
however,  additional  water  should  be  added  to  fumish  the  proper  amount 
for  the  crystallisation  of  the  gypsum.  100  parts  by  w^ght  of  calcium 
carbonate  require  125  parts  of  60°  6^.  acid. 

Solution  of  the  Iron  and  Almnioa  Compounds.  Iron  may  occur  in 
mineral  phosphates  in  many  forms.  It  probably  is  most  frequently 
present  as  ferrous  or  ferric  pho^hate,  seldom  as  oxide  and  often  as 
pyrite.  The  alumina  is  chieRy  present  ea  phosphate  and  as  silicate. 
When,  as  is  generally  the  case,  a  little  less  sulphuric  acid  is  employed 
than  is  necessary  for  complete  solution,  the  iron  phosphate  is  attacked 
88  follows: 

3FeP04 + 3H2SO4  =  FeP04  ■  2H3PO4 +Fe2(S04)3. 

A  part  of  the  iron  sulphate  formed  reacts  with  the  acid  calcium  phoe- 
phate  present  to  produce  a  permanent  jelly-like  compound,  difficult  to 
dry  and  handle.  By  careful  practice  as  much  as  4  to  6  per  cent  may 
be  handled,  but  over  2  per  cent  is  objectionable.  Pyrite  and  dlicate  are 
not  attacked  by  the  sulphuric  acid  and  these  compounds  are  therefore  not 
objectionable  and  no  account  is  taken  of  them  in  analyzing  phosphates. 

With  sufficient  acid  the  alumin^  phosphate  is  decomposed  with  the 
formation  of  aluminum  sulphate  and  free  phosphoric  acid,  as  follows: 

AlP04+3H2S04=Ala(S04)3+2H3P04. 
Reaction  with  Magnesbmi  Compounds.    The  mineral  phosphates,  as 
a  rule,  contain  but  little  magnesia.    When  present  it  is  probably  as  an 
acid  salt,  MgHF04.    Its  decomposition  takes  place  in  slight  deficiency 
tx  excess  of  sulphuric  acid  respectively  as  follows: 

2MgHP04+H2SO4+2H20  =  [MgH4(PO4)2-2H30]+MgS04. 
and 

MgHP04+HaS04  -H8P04+MgS04 

The  magne^um,  when  present  as  oxide,  is  capable  of  producing  a 
reveruon  of  the  monocalcic  phosphate  as  follows : 

CaH4(P04)2+MgO  =  CaMgH2(P04)a  -HaO. 

One  part  by  weight  of  magnesia  can  render  3}  parts  of  soluble  mono- 
calcic  phosphate  insoluble.' 

Wood  and  Lime  Kilii  Ashes.  These  are  chieSy  valuable  as  fertilizer 
materials  on  account  of  the  potash  they  contain.  A  good  grade  of 
unleached  wood  ashes  should  contain  about  5  to  6  per  cent  potash,  while 
the  lime  kiln  ashes  will  run  slightly  lower.  They  both  contain  about 
2  per  cent  phosphoric  acid. 

Tobacco  Stems  and  Dust  These  contam  ammonia,  phosphoric 
add,  and  potash,  the  latter  being  the  highest.  Stems  will  run  2  to  3 
'  From  Frin.  aod  PracticcB  Agric.  Analyaia.    H.  W.  Wiley. 
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per  cent  ammonia,  and  7  to  8  per  coit  potash.  The  dust  runs  slightly 
higher  in  ammonia  and  from  2  to  3  per  c^it  potash.  Both  carry  etndl 
amounts  of  phosphoric  acid.  Tobacco  dust  is  valuf^le  as  a  filler  on 
account  of  its  absorbent  properties. 

Cotton-seed  Meal  Ashes.  This  material  contains  about  10  per  c^t 
total  phosphoric  acid,  8  per  cent  available  phosphoric  acid  aod  17  to 
IS  per  cent  potash. 

Manganese  Manures.  Umog  50  pounds  of  sulphate  of  manganese 
to  the  acre  on  oats  increases  yield  20  per  cent.  Rice  30  per  cent  and 
barley,  wheat,  com,  peas,  beans,  carrots,  etc.,  in  proportion.  Should 
be  applied  in  several  doses  and  as  top-dressing  to  get  best  results. 

Nij^t  SoiL  The  material  collecting  in  cesspools  is  pumped  upon 
sandy  soil,  where  it  is  allowed  to  dry.  This  is  used  locally  and  con- 
stitutes a  valuable  fertilizer. 

Hov  to  Calculate  Amounts  of  Material  to  be  Used  in  Making  a  Com- 
plete Fertilizer  (rf  Definite  Composition  from  the  Raw  Materials.  Suppose 
that  we  desire  to  make  a  fertilizer  having  the  composition:  nitrogen  i 
per  cent,  phosphoric  acid  8  per  cent,  and  potash  10  per  cent.  Suppose 
in  addition  that  we  have  on  hand  the  follovm^  materials:  jutrate  of 
soda  contiuning  16  per  cent  nitrc^n,  acid  phosphate  containing  15 
per  cent  available  phosphoric  acid,  and  muriate  of  potash  contwning 
50  per  cent  actual  potash  (KaO).  How  many  pounds  of  each  of  these 
materials  will  we  require? 

To  contain.  4  per  cent  nitrogen,  the  ton  must  contain  80  lbs.  Nitrate 
of  soda  contains  16  lbs.  of  nitn^en  in  every  100  of  the  nitrate,  and  hence 
500  lbs.  of  nitrate  of  soda  would  be  required  to  make  up  the  80  lbs. 

To  contain  8  per  cent  phosphoric  acid,  the  ton  must  contain  160 
lbs.  The  phosphate  contains  in  every  100  lbs.  IS  lbs.  of  phosphoric 
acid  and  hence  1067  lbs.  of  the  acid  phosphate  will  be  required  to  funush 
160  lbs.  available  phosphoric  acid. 

To  cont^n  10  per  cent  potash  the  ton  must  conttun  200  lbs.  Our 
muriate  contains  in  every  100  lbs.  50  lbs.  actual  potash,  and  hence  400 
lbs.  will  be  required  to  ^ve  the  200  lbs. 

We  should  then  have  the  following: 

500  lbs.  nitrate  of  soda, 
1067  lbs.  acid  phosphate, 
400  lbs.  muriate  of  potash, 

or  a  total  of  1967  lbs.  Now  to  make  it  up  to  one  ton  we  simply  add 
33  lbs.  of  any  inert  material  such  as  dirt  for  instance,  and  we  then  obttun 
one  ton  of  fertilizer  of  the  desired  composition.  By  adding  one  more 
ton  of  "  filler  "  we  should  have  two  tons  of  fertilizer  of  the  followii^ 
composition:  nitrogen,  2  per  cent,  phosphoric  acid,  4  per  cent,  and  potash, 
5  per  cent. 

Now  for  a  more  complicated  example  suppose  wq  mah  to  make  a 
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fertilizer  of  the  same  composition,  but  instead  of  having  three  materials, 
each  containing  only  one  ii^redient,  suppose  we  have  on  hand  Peruvian 
guano,  containing  3  per  cent  nitrogen,  IS  per  cent  phosphoric  acid,  and 
3i  per  cent  potash. 

To  give  us  160  lbs.  (8  per  cent)  of  phosphoric  acid  we  shall  require 
about  900  lbs.  of  this  guano.  Nine  hundred  pounds  would  also  supply 
.27  lbs.  of  nitrc^en  and  31  lbs.  of  potash.  But  we  require  80  lbs.  of 
nitrogen  and  200  lbs.  of  potash  in  all,  or  53  lbs.  more  nitrogen  and 
169  lbs.  more  potash  to  complete  the  mbtture.  Three  hundred  and 
eighty-four  pounds  of  nitrate  of  potash  analyzmg  14  per  cent  nitrogen 
and  44  per  cent  potash  would  supply  this  53  lbs.  nitrogen  and  also 
the  169  lbs.  potash,  therefore  we  have 

Nitrogen.  Phoa.  Add.       Potaah. 

900  Ibe.  guano  containiiig        27  Iba.  100  lbs.         31  lbs. 

and 

384  Iba.  nitrate  of  potaah         63  lbs.  160  lbs. 

or  total  of 

138i  IbB.  containing  80  Ibe.  160  lbs.      200  lbs. 

now  by  addiag  716  lbs.  of  filler  we  have  one  ton  of  fertilizer  of  the 
dedred  formula. 

For  a  third  example,  suppose  we  have  the  following  materials: 

1st.  one  containing  3  per  cent  nitrogen,  18  per  cent  phos.  acid,  and  31  per  cent  potash 
2d.  one  containing  6  per  cent  nitrogen,  9  per  cent  phoe.  acid  and  2  per  cent  potaah 
3d.  one  oontaining  50  per  cent  potash 

we  would  then  take 

Nitrofeo.  Phoa.  Add.         Potatb. 

1st.      300  Ibe.  containing      9  )bs.  54  lbs.          10  lbs. 

2d.      1200  lbs.  containing    72  Iba.  108  lbs.          24  lbs. 

3d.       332  lbs.  containing  166  lbs. 

Total    1832  81  162  200 

By  adding  168  lbs.  of  filler  we  then  have  one  ton  of  our  fertilizer. 

A  filler  in  common  use  is  obtained  from  garbage  extracted  for  the 
grease  which  it  may  contain.  The  pressed  and  dried  material  has  prac* 
tically  no  value  from  its  nitrogen  or  phosphorous  content  although  the 
tankage  is  very  heavy  in  soluble  material. 

These  methods  of  calculation  of  formuls  are  simply  given  as  examples; 
as  a  matter  of  fact,  probably  not  over  5  per  cent  of  all  the  complete  fertilizer 
manufactured  contains  "  Filler  "  in  the  sense  in  which  it  is  given  above. 
When  low-grade  fertilizers  are  to  be  made,  they  are  compounded  from 
low-grade  raw  materials  that  will,  without  the  use  of  fillers,  or  with  only 
a  very  small  amount,  give  the  formula  desired. 

Peat  Filler.  Dried  humus  or  peat  is  used  as  a  filler  on  account  of 
its  absorbent  properties.  Its  use  was  prohibited  by  some  states  as  it  was 
clamed  that  the  nitrogen  content  included  in  the  nitrogen  of  the  fertilizer 
was  unavailable.    Within  the  last  few  y.iar8  it  has  been  determined  by 
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experiment  that  while  the  nitrogen  of  peat  may  not  show  a  high  avail- 
ability la  the  laboratory,  actual  growing  experiments  have  demonstrated 
that  peat  is  a  very  valuable  fertilizer  material  and  that  the  oitrc^en  becomee 
available  in  some  manner  in  the  soil.  The  South  Carolina  Experiment 
Station  were  the  first  to  demonstrate  this  and  as  a  result  of  their  work 
and  other  work  that  has  been  done  by  investigators,  the  embargo  has  been 
lifted  from  peat  and  it  is  admitted  into  all  states  as  a  feriilizer  with  full 
credit  for  its  nitrogen  content. 
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CHAPTER  XIX 

ORGANIC  CHEMICALS  AND  INTERMEDIATES 

ALLEN  ROGERS 

Acetic  Add,  CH3COOH.  Pure  acetic  acid  is  a  colorless  liquid,  which, 
at  16°  C,  forms  a  -solid  known  as  glacial  acetic  acid.  It  is  obtained  from 
the  dry  distillation  of  wood.  The  distillate  is  treated  with  lime  to  pro- 
duce calcium  acetate,  known  commercially  as  gray  lime.  This  gray  lime, 
when  heated  with  an  acid,  usually  hydrochloric,  gives  acetic  scid  as  a 
distillation  product.  Sugar  is  another  source  of  acetic  acid,  the  latter 
bein^  formed  when  the  sugar  undei^;oes  acid  fermentation.  On  account 
of  the  enonnouB  demand  for  acetic  acid  during  the  past  few  years,  several 
plants  have  been  built  to  manufacture  acetic  acid  from  vinegar  and  wine. 
The  output  of  these  plants  now  equals  that  obtained  from  dry  distillation. 

Acetic  acid  finds  application  in  the  printing  and  dyeing  of  wool  and 
silk  with  acid  and  alizarine  colors;  in  the  scrouping  of  silk;  in  making 
fruit  esters,  in  the  manufacture  of  certain  dyestuffs  and  coal  tar  products, 
and  in  the  formation  of  acetates  with  the  metals.  The  greatest  demand, 
however,  is  in  the  manufacture  of  amyl  acetate,  a  solvent  for  gun  cotton; 
and  for  the  non-infiammable  cellulose  acetate,  used  for  moving  picture  films 
and  as  a  coating  for  the  win^  of  air  planes. 

Acetic  Anhydride,  (CH3CO}20.  This  compound  is  obtained  by  the 
dehydration  of  acetic  acid.  It  finds  application  in  the  preparation  of 
alkyl  ac8tat«s.  It  is  manufactured  by  heating  fused  sodium  acetate 
with  acetyl  chloride. 

Acetanjlide,  CdHsNHCHgCO.  This  compound  is  prepared  by  heat- 
ing together  a  mixture  of  aniline  and  acetic  acid  for  about  15  hours.  It 
is  a  white  crystalline  compound  slightly  soluble  in  cold  water,  but  very 
soluble  in  hot  water.  As  it  has  the  property  of  lowering  the  temperature 
of  the  animal  body,  it  finds  application  in  medicine  as  an  antipyretic. 
Industrially  it  is  used  as  a  stabilizer  of  hydrogen  peroxide,  and  as  an 
intermediate  for  making  certain  dyestuffs. 

Acetone,  CHaCOCHs.  This  compoun.d  is  obtained  to  some  extent 
from  the  dry  distillation  of  wood,  but  commercially  it  is  prepared  by 
beating  calcium  acetate,  gray  lime,  at  a  temperature  of  about  300°  C. 
It  is  used  as  a  solvent  for  the  gums  and  fats,  for  pyroxykne,  and  in  the 
extraction  oFtannin  from  gall  nuts. 

Ace^lene,  CH  :  CH.  This  compound  is  prepared  by  treating  calcium 
carbide  with  water.    It  is  a  colorless  gas  used  in  illumination  and  exten- 
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Bively  in  oxy-acetylene  welding.  It  combines  with  copper,  silver,  and 
other  metals,  forming  a  class  of  very  mistable  compounds  known  as 
acetylides. 

Acetyl  Chloride,  CH3COCI.  This  compound  is  prepared  by  treating 
acetic  acid  with  phosphorus  trichloride.  It  is  a  coloriess  liquid,  fuming 
in  moist  air,  and  is  applied  in  organic  synthesis,  since  it  readily  produces 
acetyl  derivatives. 

Alizarine,  C8H4(C0)2C6H2(0H)2.  This  compound  up  to  1868  was 
obtained  from  madder,  until  Graebe  and  lieberman  made  and  brought 
forward  their  epoch-making  discovery  that  it  could  be  prepared  syntheti- 
cally from  anthracene.  It  is  chemically  a  dihydroxyanthraquinone. 
Since  this  discovery  the  synthetic  compound  has  entirely  replaced  the 
natural  product  and  has  led  to  the  discovery  of  many  other  alizarine 
dyestuffs.  Its  method  of  manufacture  consists  in  heating  together  in  an 
autoclave  a  mixture  of  sodium  anthracene  sulphonate  and  a  solution  of 
potassium  chlorate.  On  cooling,  the  mass  is  extracted  with  boiling  water, 
and  the  alizarine  separated  by  adding  hydrochloric  acid.  Alizarine 
comes  on  the  market  both  in  the  crystal  form  and  as  a  heavy  paste. 

Amyl  Acetate,  CHgCOOCsHn.  This  compound  is  prepared  by 
treating  amyl  alcohol  with  fused  sodium  acetate  in  the  presence  of  sul- 
phuric acid.  It  is  a  liquid  boiUng  at  148"  C.  and  is  used  as  a  solvent  for 
gun  cotton  in  making  the  so-called  banana  oil  or  broming  Uguid.  Until 
the  pure  food  law  went  into  effect  it  was  also  used  in  making  artificial 
fruit  essences. 

Amyl  Alcohol,  CeHnOH.  This  alcohol  is  known  in  eight  isomeric 
forms,  but  only  a  few  have  commercial  application.  They  occur  in  the 
fusel  oil  obtained  from  the  distillation  of  fermented  grain. 

Aniline,  CaHsNH2.  This  compound  is  prepared  by  reducing  nitro-  - 
benzene  with  nascent  hydrogen.  It  is  a  colorless  liquid  when  freshly 
prepared,  but  turns  dark  on  exposure  to  light,  and  boils  at  183°  C.  It 
is  used  as  a  raw  material  in  the  manufacture  of  many  dyestuffs,  the 
so-called  aniline  colors.  On  a  commercial  scale  the  nascent  hydtt^en 
is  obtained  by  heating  the  nitro  product  with  iron  filingB  to  which  a  small 
quantity  of  hydrochloric  acid  has  been  added.  At  the  end  of  the  reaction 
the  excess  of  acid  is  neutralized  by  adding  milk  of  lime,  and  the  resulting 
product  steam  distilled.  The  aniline,  beii^  heavier  than  water,  settles 
to  the  bottom  as  a  heavy,  oily  liquid. 

Anttiracene,  CgHi(CH)2C6H4.  This  compound  occurs  in  coal  tar 
from  which  it  is  obtained  as  colorless  crystals  by  distillation.  It  is  used 
in  the  manufacture  of  anthraquinone  and  alizarine. 

Anthraquinone,  C6H4(CO)2CsH4.  This  product  is  manufactured  from 
anthracene  by  heating  it  with  a  mixture  of  acetic  acid  and  chromic  acid. 
On  throwing  the  maea  into  water,  the  anthraquinone  separates  as  a  brown 
powder  which,  after  washing,  may  be  purified  by  sublimation. 

Benzaldehyde,  CeHsCHO.    This  compound  occurs  in  bitt^  almonds 
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in  the  form  of  a  glyceride.  It  is  a  colorless  liquid  with  &  pleasant  odor. 
Commercially  it  is  prepared  from  benzyl  chldride  by  heating  it  for  some 
time  with  a  solution  of  copper  nitrate.  The  reaction  product  is  extracted 
with  ether  and  purified  by  means  of  sodium  bisulphite  and  sulphuric 
acid,  followed  by  steam  distillation. 

Benzene,  CsHs-  This  compound  occurs  in  coal  tar,  from  which  it 
is  obtained,  by  distillation,  as  a  colorless  liquid  having  a  boiling-point  of 
80.4°  C.  It  is  used  to  some  extent  as  a  solvent  for  gums  and  fats,  but  ita 
principal  application  is  as  a  raw  material  for  the  manufacture  of  benzene 
derivatives,  used  in  medicine  or  for  the  manufacture  of  dyestufFs,  phenol 
and  explosives. 

Benzidine,  NH2CeH4 — CeH4NH2.  This  compound  is  prepared  by 
reducing  para-dlnitrodiphenyl  with  zinc  dust  in  an  alkaline  solution.  It  is 
a  colorless,  crystalline  body,  employed  extensively  in  making  substantive 
dyestuils.  On  a  commercial  scale,  it  is  manufactured  by  heating,  with 
reflux  condenser  attached,  a  mixture  of  caustic  soda,  ethyl  alcohol,  and 
nitrobenzene.  The  product  of  this  reaction  is  then  treated  with  zinc  dust. 
When  thrown  into  water,  the  exc^s  of  zinc  dust  and  hydrazobenzene 
separate,  which,  on  treatment  with  sulphuric  acid  and  sulwequently  with 
caustic  soda,  yield  pure  benzidine. 

Benzoic  Acid,  CoHgCOOH.  This  compound  occurs  in  gum  benzoin 
from  which  it  may  be  obtained  by  sublimation.  It  is  prepared  com- 
mercially from  benzyl  trichloride  by  heating  with  milk  and  lime.  It  is 
applied  in  medicine  as  a  food  preservative,  in  the  fonn  of  the  sodium  salt 
in  certain  dyestuffs,  and  in  seasoning  tobacco. 

Bu^iic  Add,  CsHtCOOH.  When  butter  becomes  ran«d  this  aciii 
is  produced.  It  is  also  prepared  commercially.  It  is  a  colorless  liquid 
and  is  used  to  quite  an  extent  in  the  form  of  ita  salts. 

Ctdontftmii,  CHCb-  This  compound  is  obtained  by  treating  alcohol 
or  acetone  with  chloride  of  hme  or  by  reducing  carbon  tetrachloride  with 
hydrogen.  It  is  also  prepared  electrolytically.  It  is  a  colorless  liquid 
with  a  sweetish  odor.  It  is  used  to  some  extent  as  a  solvent,  but  mostly 
finds  application  as  an  ancestheUc. 

Coumarine,  CeHe02.  This  compound  occurs  in  tonka  bean  and  is  also 
prepared  synthetically.    It  is  used  in  Savoring  extracts  and  as  tobacco  flavor. 

Dimethyl  Aniline,  CflH5N(CH3)2.  A  mixture  of  aniline,  aniline  hydro- 
chloride, and  methyl  alcohol  is  heated  in  &n  autoclave  for  eight  hours  at 
230''-240''  C.  The  product  is  then  made  alkaline  with  caustic  soda  and 
Bteam  distilled.  It  is  used  as  an  intermediate  in  the  manufacture  of 
certain  dyestuffs. 

EAer,  (C2Hfi)20.  This  compound  is  prepared  by  treating  alcohol 
with  sulphuric  acid  in  the  proper  proportion  to  form  ethyl  hydrogen 
sulphate.  The  latter  is  then  heated  in  an  iron  still  to  a  temperature  of 
140°  C,  and  to  it  is  added  an  equal  quantity  of  alcohol,  which  combines 
with  the  ethyl  hydrogen  sulphate,  producing  ether  and  free  sulphuric  acid; 
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on  addition  of  more  alcohol,  more  ethyl  hydrogen  sulphate  is  formed  and 
the  cycle  repeated.  Ether  is  a  colorless  hquid,  boiling  at  34.9°  C.  Mixed 
with  air  and  ignited,  it  combines  with  explosive  effect.  It  is  used  as  an 
anteBthetic,  and  also  finds  extensive  industrial  application  in  the  manu- 
facture of  artificial  silk,  of  collodion,  and  as  a  solvent  for  gums,  fats, 
and  waxes. 

Formic  Add,  HCOOH.  This  acid  occurs  in  certain  ants,  bees,  and 
in  the  hairs  of  the  nettle.  It  is  prepared  commercially  from  sodium 
formate  and  sulphuric  acid,  the  formate  being  produced  by  beating 
sodium  hydroxide  under  pressure  in  the  presence  of  carbon  monoxide. 
Pure  formic  acid  is  a  colorless  Uquid  with  a  very  pungent  odor,  and  boils 
at  99°  C  It  is  used  in  dyeing  and  as  a  deliming  and  plumping  agent 
in  the  manufacture  of  leather. 

Fonnaldeliyde,  HCHO.  Formaldehyde  is  a  colorless  gas.  Since  it  is 
very  soluble  in  water  it  comes  on  the  market  as  a  40  per  cent  solution 
under  the  name  of  formalin.  It  is  obtained  by  passii^  the  vapor  of 
methyl  alcohol  over  heated  platinized  asbestos.  Besides  being  one  of 
the  best  disinfecting  agents  known,  having  a  high  value  as  a  germicide, 
it  is  also  used  as  a  fungicide  on  v^etable  and  plants.  Combined  with 
phenol  and  cresol,  it  forms  important  condensation  products.  The  two 
principal  ones  on  the  market  are  bakdite  and  amdermte.  These  appear 
not  only  in  the  form  of  varnishes,  but,  when  run  into  molds  and  heat«d 
under  pressure,  they  give  substitutes  for  hard  rubber,  amber,  and  plaster, 
used  for  a  variety  of  purposes  from  pipe  stems  and  hair  combs  to  electrical 
insulating  boards.  Another  condensation  product  of  this  nature,  known 
as  neradol,  finds  apphcation  in  the  manufacture  of  leather. 

Glycerine,  C3Hfi(OH)3.  Glycerine  results  as  a  by-product  in  the 
manufacture  of  soap  and  candles.  On  account  of  the  great  demand  for 
this  material  for  munition  purposes,  many  attempts  have  been  made 
to  produce  it  synthetically.  Glycerine  is  a  colorless,  heavy  liquid  and  is 
described  at  length  in  Chapter  XXIX. 

Hydroquinone,  CiiH4(0H)2.  P-dioxybenzene  is  a  crystalline  solid 
melting  at  169°  C.  It  is  produced  by  reducing  quinone  with  sulphuric 
acid.  The  hydroquinone  is  extracted  from  the  aqueous  solution  by 
shaking  with  ether  and  the  product  purified  by  passing  through  animal 
charcoal  and  then  recrystallizing.  Hydroquinone  is  used  as  a  "developer" 
in  photography,  and  as  an  antifermentative  and  antipyretic  agent  in 
therapeutics. 

Lactic  Acid.  This  acid  occurs  in  four  isomeric  forms,  The  ordinary 
acid,  however,  is  found  in  sour  milk  and  is  manufactured  on  a  coBomercial 
scale  by  treating  glucose  solution  with  the  ladic  add  bacillus.  As  the 
acid  fortiks,  it  is  neutralized  with  lime,  and  from  the  calcium  lactate,  the 
concentrated  acid  is  obtained  by  treatment  with  sulphuric  acid.  Lactic 
acid  is  used  to  quite  an  extent  in  dyeine  and  in  certain  operations  during 
the  manufacture  of  leather. 
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Hettijrl  Alcohol,  CHgOH.  This  compound,  also  known  as  wood 
alcohol,  is  obtained  from  the  destructive  distillation  of  wood.  When 
pure  it  is  a  colorless  liquid  boihng  at  66°  C.  It  is  used  In  the  preparation 
of  formaldehyde,  as  a  solvent  for  gums  in  varnish  making,  in  the  manu- 
facture of  dyestuffs,  for  denaturing  grain  alcohol,  and  for  many  other 
purposes. 

NaphttiBlene,  CioHs-  This  compound  occurs  in  coal  tar,  from  which 
it  is  separated  by  sublimation  as  a  white  crystalline  solid.  It  is  used  exten- 
sively in  the  preparation  of  dyestufts,  for  the  manufacture  of  phtbaUc 
anhydride,  and  as  an  antiseptic  and  moth  preventative. 

Naphtfaaleae-|3-Sulphonic  Acid.  Powdered  naphthalene  is  added  to 
warm  concentrated  sulphuric  acid,  and  the  mixture  heated  at  170''  C. 
for  about  twelve  hours.  On  cooling,  the  reaction  product  is  poured 
into  water,  brought  to  a  boil,  and  neutralized  with  milk  and  lime.  The 
calcium  sulphate  separating  is  removed  by  filtration  and  the  filtrate  evap- 
orated to  a  small  volmne.  The  calcium  salt  which  crystalUzes  is  separ 
rated,  redissolved  in  water,  and  sufficient  sodium  carbonate  introduced 
to  convert  all  of  the  calcium  to  calcium  carbonate.  On  again  filtering 
and  evaporating,  the  sodium  salt  of  naphthalene-^-sulphonic  acid  crystal- 
lizes out.  This  product  acts  as  an  intermediate  in  the  manufacture  of 
0-naphthol. 

Naphthoi,  C10H7OH.  There  are  two  naphthols,  «  and  fi,  formed 
as  whit«  crystalline  solids  by  heating  their  corresponding  sulphonic  acids 
with  caustic  soda.  They  are  used  very  extensively  in  the  manufacture 
of  dyestuffs,  and  especially  as  developers  for  diazo  colors.  In  making 
the  ^naphthoi,  caustic  soda  b  dissolved  in  water,  then  heated  to  about 
280°  C,  and  to  it  is  added  the  sodium  salt  of  naphthalene-g-sulphonic 
acid.  Frothing  of  the  mass  indicates  the  completion  of  the  reaction,  and, 
in  a  molten  state,  it  is  poured  on  shallow  pans.  When  cold,  it  is  broken 
up  and  dissolved  in  boiling  water.  To  the  solution  is  added  hydrochloric 
acid,  which  precipitates  the  0-naphthol.  The  crude  product  is  filtered  at 
the  pump,  dried,  and  distilled  in  vacuum. 

Nitraniline,  CbH4NHzN02.  By  introducing  the  nitro  group  into 
aniline  three  substitution  products  are  obtained.  PaTo-nitraniline  is 
the  most  important  and  finds  extensive  application  as  a  raw  material 
for  producing  para-red.  This  compound  is  formed  by  Scat  diazotizing 
the  [>ara-nitraniline  and  then  developing  with  beta-naphthol. 

Nitrobenzene,  CoHsNOz.  When  benzene  is  treated  with  fuming 
nitric  acid,  a  heavy,  yellow,  oily  substance  results.  This  substance, 
known  commercially  as  oil  of  mirbane,  has  an  odor  resembling  bitter 
almonds.  It  is  used  as  a  soap  perfume,  for  hiding  odors,  and  in  the  manu- 
facture of  aniline. 

Oleic  Acid,  C17H33COOH.  This  acid  in  the  form  of  glyceride  occurs 
abundantly  in  fats  and  oils,  from  which  it  may  be  separated  by  saponi- 
fication and  subsequent  treatment  with  sulphuric  acid.     It  is  used  in  the 
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manufacture  of  oil  soluble  colors  and  of  soft  soape.  By  treating  with 
hydrogen  in  the  presence  of  nickel  it  is  readily  transformed  into  stearic 
acid. 

Oxalic  Add,  (COOH)^.  The  old  way  of  making  this  compound 
was  to  beat  a  mixture  of  sawdust  and  cauBtic  soda  together  at  a  tempera- 
ture of  about  240°  C.  The  mass  thus  formed  was  extracted  with  water, 
evaporated,  and  treated  with  milk  of  lime.  The  calcium  ox(dat«,  on  being ' 
treated  with  sulphuric  acid  and  again  evaporated,  gave  the  oxalic  acid. 
At  present  it  is  made  by  the  Goldschmidt  process,  which  consists  in 
heating  a  mixture  of  potassium  formate  or  carbonate  with  a  little  potas- 
sium oxalate  and  a  slight  excess  of  caustic  alkali.  It  has  recently  been 
discovered  that  sodium  can  be  used  in  place  of  4>ota&sium.  The  oxalic 
acid  is  then  freed  from  this  mass  by  means  of  sulphuric  acid.  It  forms 
transparent  crystals  having  two  molecules  of  water.  It  is  used  in  dyeing 
and  printing,  as  a  bleach  for  straw  and  leather,  and  for  purifying  glycerine. 

Phenol,  CeHsOH.  This  compound  occurs  in  coal  tar,  from  which  it 
is  separated  by  distillation  -as  a  colorless  crystalline  mass  that  melts 
at  42.5°  C.  Inasmuch  as  the  supply  of  phenol  from  this  source  is  limited, 
it  has  become  necessary  to  produce  it  synthetically  by  fusing  sodium 
benzene  sulphonate  with  caustic  soda  and  then  neutralizing  with  hydro- 
chloric  acid.  Phenol  is  used  as  an  antiseptic,  for  making  picric  acid, 
for  the  manufacture  of  certain  dyestuffs  and  pharmaceutical  products 
and  with  formaldehyde  in  many  condensation  products. 

Picric  Add,  C6H20H(N02)3.  This  compound  is  prepared  by  treat- 
ing phenyl  sulphonic  acid  with  nitric  acid.  It  forms  yellow  crystals, 
used  to  some  extent  in  dyeing.  Some  of  its  salts  find  appUcation  in 
the  manufacture  of  explosives. 

Pyridine*  CoHeN.  This  compound  is  obtained  from  the  dry-distiDa- 
tion  erf  bones  as  a  yellow  oil  with  a  very  disagreeable  odor.  It  is  used  in 
the  denaturing  of  alcohol. 

Pyrogallol,  C6H3(OH)3.  By  heating  gallic  acid  with  wat«r  under  press- 
ure this  compound  results.  It  is  a  white  crystalline  powder  used  in  photo- 
graphy as  a  developing  agent,  and  for  absorbing  oxygen  in  gas  analysis. 

R  Salt  (|3-Napbthal  3  :  6  Disulphonic  Add).    A  mixture  of  |9-naphthol 
and  sulphuric  acid  is  heated  to  125°  C.  and  the  reaction  product  dissolved 
in  water.    The  excess  of  acid  is  neutraUzed  with  lime  and  the  calcium     ' 
salt  decomposed  with  sodium  carbonate.     The  R  Salt  is  separated  frtmi  the 
filtrate  by  crystallization. 

Resordnol',  C6H4(OH)2.    This  is  prepared  from  meta-benzene  disul- 
phonic acid  by  heating  with  caustic  potash.    It  is  a  white  crystalline 
compound  and  is  used  in  the  manufacture  of  dyestufts. 
CO 

Saccharine,  CeliiC^         >NH.     This  compound  is  the  imido  dmva- 

tive  <rf  ortho-sulphobenzoic  acid.    It  is  a  white  crystalline  powder  said  to 
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be  500  times  sweeter  than  sugar.  It  baa  no  food  value,  but  is  used  on 
accoilnt  of  its  great  sweetenii^  power. 

Salicjiic  Add,  C0H4OHCOOH.  This  compound  is  prepared  by  heat- 
ing sodium  phenoxide  in  the  presence  of  carbon  dioxide  to  a  temperature 
of  140°  C.  From  the  sodium  salicylate  thus  formed  the  acid  is  obtained 
by  treatment  with  sulphuric  acid.  It  forms  white  crystals,  used  as  an 
antiseptic,  for  food  preswvation,  in  the  manufacture  of  dyestuffs,  for 
perfumery,  and  in  medicine. 

Schaeffer's  Salt  (j3-Naphthol-6-Sulphonic  Acid).  This  important 
intermediate  is  prepared  by  heating  ^naphthol  with  sulphuric  acid.  The 
product  of  the  reaction  is  salted  out  and  filtered  at  the  pump. 

Stearic  Add,  C17H35COOH.  This  compound  occurs  as  a  glyoeride, 
mixed  with  other  fatty  acids,  in  many  fats  and  oils.  It  is  usually  prepared 
from  beef  tallow  by  saponification  and  subsequent  treatment  with  sul- 
phuric acid.  The  stearic  acid,  having  a  high  melting-point,  readily 
separates  from  the  softer  fatty  acids  present.  It  is  used  in  candle  malting, 
for  soap  manufacture,  and  for  other  purposes. 

p-Su^ihanilic  Add,  CelliNHaHSOa.  This  compound  is  prepared  by 
heating  aniline  with  sulphuric  acid  to  a  temperature  of  200°  C.  It  forms 
a  white  crystalline  powder  much  used  in  the  preparation  of  dyestuffs 
and  diazo  colors. 

Tannin,  CitHioOg.  Tannin  occurs  very  widely  in  nature  ds  a  con- 
stituent of  many  barks,  leaves,  and  woods.  Its  water  extract  is  employed 
in  the  manufacture  of  leather  and  as  a  mordant  in  dyeing  cotton  with 
basic  colors.  In  a  pure  condition  it  may  be  obtained  from  nutr^alls  by 
^tracting  with  acetone-alcohol  mixture  and  comes  on  the  market  as  s 
light  yellow  powder.  When  brought  in  contact  with  iron  a  black  pre- 
cipitate ia  formed  which  finds  appUcation  in  the  manufacture  of  writing 
inks.    It  also  combines  with  other  metals  forming  different  colored  lakes. 

Tartaric  Add,  C4H60a.  The  ordinary  tartaric  acid  occurs  as  crude 
tartar,  a  by-product  from  the  manufacture  of  wine.  There  are  four 
isomeric  forms  of  this  acid,  but  the  one  known  as  dextro-tartaric  acid 
js  that  most  commonly  used.  It  forms  many  salts  which  have  a  wide 
appUcation,  the  most  common  being  potassium  hydrogen  tartrate  or 
cream  of  tartar,  KHCiHeOe. 

Tl^ol,  (CH3)sCHC8H3(CH8)20H.  This  compound  occurs  in  oil 
of  thyme  and  is  used  as  an  antiseptic  and  as  treatment  for  the  hookworm 


Tirfnene,  CsHsCHa.  This  compound  occurs  in  coal  tar,  from  which  it 
is  recovered  by  distillation  as  a  colorless  liquid,  boiUng  at  111°  C.  It 
finds  application  as  a  solvent,  but  its  principal  use  is  as  a  raw  material 
for  the  manufacture  of  dyestuffs,  and  the  explosive,  trinitrotoluene,  T.N.T. 

X]4eiie,  CeH<(CH3)2.  This  compound  occurs  in  co^  tar,  frton  which 
it  is  separated  by  distillation  as  a  colorless  liquid.  It  has  three  isomeric 
forms  and  is  used  in  the  manufacture  of  dyestuffs. 
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CHAPTER  XX 

ILLUMINATING  GAS 

W.  H.  FULWEILER, 

Chemitt,  United  Oat  Improoement  Co.,  Philaddpkia,  Pa. 

Clas^catioii.  The  industrial  gases  in  use  at  the  present  time  may 
be  divided)  roughly,  into  three  general  classes — coal  and  carburetted 
water  gas  and  their  various  mixtures;  the  different  classes  of  oil  gas, 
acetylene,  gasoline  gas;  and  producer  gas.  The  first  class  is  by  far 
the  most  im[>ortant  from  an  illuminating  standpoint,  while  producer 
gas  is,  of  course,  of  the  greatest  importance  for  fuel  and  power  use. 
The  other  gases  are  generally  employed  in  special  cases  where  the  use 
of  the  first  class  is  impossible  or  inconvenient. 

Develiqtment.  In  the  earlier  days  of  the  industry,  gas  was  employed 
primarily  as  an  illuminant,  and  at  the  present  time  the  illuminating  value 
is  still  the  standard  prescribed  in  many  of  our  larger  cities,  yet  within  the 
last  decade  the  regulations  of  the  Public  Service  Commissions  have  almost 
entirely  eliminated  the  test  for  illuminating  value  and  substituted  the  heat- 
ing value  as  the  statutary  standard.  To  date  (May,  1917)  seventeen 
States  have  adopted  the  heating  value  standard,  the  average  requirement  - 
being  575  B.T.U.  Total  heating  value  per  cubic  foot  for  a  n;ionth]y 
average. 

This  change,  which  started  in  England  and  Germany,  has  been  due  to 
several  cawies,  among  which  may  be  mentioned  the  great  increase  in  the 
use  of  mantle  burners  and  the  increasing  use  of  gas  for  fuel  purposes. 

The  report  of  the  Geological  Survey  for  1915  indicates  that  about  _ 
30  per  cent  of  the  gas  consumed  is  used  for  illumination,  48  per  cent  fw 
domestic  fuel  and  22  per  cent  for  industrial  fuel. 

The  enormous  expansion  in  certain  industrial  work  as  a  result  of 
the  demand  for  munitions  and  other  supplies  has  resulted  in  a  very  great 
expansion  in  the  use  of  gas  furnaces  for  the  manifold  processes  where  very 
accurate  temperature  r^ulation  was  absolutely  essential.  This  has 
brought  out  most  forcibly  the  many  advantages  of  gas  as  an  industrial 
fuel  and  will  undoubtedly  result  in  increasing  its  future  use  by  bringing 
it  to  the  attention  of  many  trades  that  had  heretofore  been  too  conserv- 
ative to  adopt  it. 

472   ' 


i.V.OOgIC 


ILLUMINATING  GAS  473 

Since  the  figures  of  the  last  census  are  now  so  hopelessly  cut  of  date, 
the  following  figures  taken  from  Mineral  Resources  will  give  some  idea 
of  the  present  status  of  the  industry. 

STATISTICS  OF  THE  GAS  INDUSTRY,  191S 

Coal  gas 43,747,432,000  cuJt. 

Coke  oven  ^s 84,365,914,000 

Water  gae 124,129,569,000 

Oa  ^a 13,971,333,000 

Total 266,204,248,000  cuJt. 

RELATIVE  USE 

For  UlumloMton.  For  PoeL 

1905 74%  26% 

1916 30  70 

RAW  MATERIAL  EXCLUDING  COKE  OVENS 

Gas  coal 4,645,000  torn 

Anthracite  coal 830,519  ton* 

Coke 1,318,226  tons 

Gas  oU 690,955,000  salloDi 

BY-PRODUCTS  EXCLUDING  COKE  OVENS 

Coke 2,MI,000toi» 

Coal  tar 51,848,400  galknu 

Water-gas  tar 50,747,300  galloM 

Ijgbt  oil3  and  condensate 1310,527  gallons 

Ammonia  as  atmnotiium  sulphate 62,311  tons 

PROCESSES  EMPLOYED 

Coal  gas 396  plants 

Water  gas 653  plants 

Oil  gas 93  plants 

Total  number  of  plants  is  917;  there  are  a  number  of  plants  employing  tvopTomsBes. 

Constituents  of  niuminattng  Gas.  Commercial  gaaes  consist  of 
mixtures,  in  varying  proportions,  of  the  gases  or  vapors  whose  char- 
acteristics are  shown  in  the  table  on  the  following  page. 

In  addition  to  the  constituents  shown  in  this  table,  there  always 
exists  in  the  crude  gases,  before  purification,  traces  of  ammonia  and 
other  organic  compounds,  but  the  above  mentioned  constituents  may 
be  considered  as  those  important  to  the  industrial  chemist. 

The  relative  occurrence  of  the  commoner  constituents  in  some  of 
the  many  varieties  of  commercial  gases  is  given  in  the  table  below. 
These  typical  analyses  must  not  be  considered  as  standards,  but  as  lather 
expressing  the  average  composition  of  commercial  samples  obtained 
under  certain  conditions  with  the  process  mentioned. 
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PROPERTIES  OF  THE  IMPORTANT  CONSTITUENTS  OF  COMMERCIAL 
GASES' 


c«f.. 


K" 


for  CombuitioD. 


B.T.U', 


BcdkI 

Toluene 

Xylene 

Etbjdene. . . . 
Propylene .  .  . 
Butylene.  . . . 
Hydrogen . . . 
C&rboD  moQoidile. 

Methane 

Ethane 

Carbon  dioxide. . . 

Oxygen 

Nitrogen 

Air 

Steam 

Hydrogen  aul- 

Anunonia. 

Cyanogen 

Carbon  disulphide 


1.5195 
1.0152 

.9701 
1.0000 

.6217 

1.1769 


.00530  3 

.07407 

.04234 

.07940 

.11637 

.08463 

.07429 

.07658 

.04761  . 

.09012 
.04509 
.13779 
.20139 


3700 

4448.7 
5165.1 
1588.0 
2347.2 
3099.2 
326.2 
323,5 


.7070  : 
2163 
2174 
.2438 
2374 


+  257-4 

-  174.2 
+  138.0 
+  342.6 

+1869.2 
+2436.6 
+1713.6 
+3979.1 


672.2 
432.8 

1238.2 

1264 


14.355 
21.533 
28.710 

2.693 
9.570 
16.748 


13.547 
13.720 
14.836 
14.836 
14.836 
34.624 
32.471 
17.312 
16.156 


+  250.9 

+1259.0 

2273.9 

■6160.0   1 


The  Ektglish  unite,  i.e.,  pounds,  Fahrenheit  degrees,  and  feet,  since  they  aie  custom- 
aiy  in  the  gas  industry,  are  used  in  this  chapter. 

AVERAGE  COMPOSITION  OF  COMMEEGIAL  GASES 


II1.1    CO 

%  1  % 

t 

CH. 

% 

C>Ht 

% 

CO, 

% 

O,       Ni 

%    1    % 

gsS 

B.T.U. 

Coal  gas 

Carburetted  water  gas. . 

Pintschgaa 

Blaugas 

All  oil  water  gas 

40 

13.3 
30.0 
51.9 
7.0 
96.0 

8.5 

30.4 

.1 

.1 

9.2 

49.8 
37.7 
13.2 
2,7 
39.8 

29.5 
10.0 
45.0 
44.1 
34.6 

3.2 
3.2 
9.0 

.0 

1.6 
2^6 

.4'  3.2 
.4,  2,1 
.0    1.6 
.0    1.2 
.2!  6.6 
.8  3.2 
18.569.7 
.OJ  I.I 

16.1 
22.1 
43.0 
48.2 
19.7 
225.0 
16.0 
38.0 

622 
643 
1276 
1704 
680 
1350 

GaaoUne  su 

CJIu 

46.5 

-10.3 
3.9 

* 

Oil  gas 

31.3 

..4 

13.5 

1320 

Blue  water  gM 

.040.9 

50.8 

.2 
10.4 
12,0 

.0 
.0 
.0 

It 

2.3 

.9  3.6 
^2   ZX 

'ii!o 

299 
375 

Methane^ydrogen  gas. . 

3.015.0'64.2 

400 

Producer  gas  (coal) 

Producer  gas  (coke) 

Blast  furnace  gas 

Wood  gas  (pine) 

.2ll7.6ll0.4 
.0i25.3|l3.2 

.0'26,5   3,5 
10.6'27.ll32,7 

6.3 

.4 

.2 

21.5 

.0 

.0 
.0 

7.3 
5.4 
12.8 
4.9 

.7168.1 
.655.2 
.156.9 
.4  2.6 

161' 
137 
100 
607 
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In  general,  then,  we  may  say  that  the  commercial  gases  are  mixtures 
of  gases,  hydrocarbons  and  vapors,  together  with  certain  permanent 
gases  produced  by  the  pyrodecomposition  and  polymerization  of  complex 
hydrocarbon  mixtures  or  compounds  either  alone  or  in  the  presence 
of  air  and  steam. 

Manufacture  (tf  Coal  Gas.  Coal  gas  is  the  result  of  the  destructive 
distillation  of  bituminoua  coal  in  highly  heated  fireclay  or  gilica  retorts. . 
The  retorts  vary  considerabiy  in  cross-section,  length  and  method  of 
beating.  They  are  usually  set  in  groups  of  from  six  to  nine  retorts  in 
what  is  known  as  a  "  bench,"  and  the  group  of  "  benches  "  varying  with 
the  capacity  of  the  plant  is  known  as  the  "stack."  In  a  few  of  the  older 
and  smaller  plants  the  retorts  are  heated  by  a  direct  fire  of  coke  or  coal, 
but  in  the  more  modem  and  larger  plants  they  are  heated  with  producer 
gas.  These  retorts  may  be  set  either  in  a  horizontal  or  incUned  position. 
The  object,  however,  in  any  case  is  to  drive  off  the  volatile  matter  which 
consists  principally  of  gas.  Other  products  are  also  eliminated,  and  will 
be  considered  in  due  course  of  time. 

The  manufacture  of  coal  gas  thus  consists  in  the  transformation 
of  the  potential  energy  of  a  set  of  solid  hydrocarbons  into  the  more 
convenient  gaseous  form  by  means  of  dry  distillation.  Murdock, 
who  is  probably  the  inventer  of  coal  gas,  distilled  the  coal  in  a  simple 
iron  pot  over  a  fire,  and  to  a  certun  extent  this  is  still  the  basic  principU 
of  our  present  day  practice. 

Many  other  methods  of  carbonizing  have  been  proposed  and  tried. 
These  may  be  classed  under  three  beads,  viz. :  (a)  the  use  of  internally 
heated  vessels;  (b)  the  use  of  a  body  of  ignited- coke;  and  (c)  the  use  of 
hot  gas  as  a  beat  carrier. 

Many  patents  have  been  taken  out  and  a  great  deal  of  experimental 
work  has  been  done  in  endeavoring  to  perfect  processes  that  would 
utilize  these  principles,  but  in  general  they  have  failed  to  produce  a 
gas  that  could  commercially  compete  with  that  produced  in  the  usual 
^stem  of  carbonizing  the  coal  in  an  externally  heated  retort.  The 
principal  causes  of  their  failure  have  been  the  time  required  for  the  complete 
distillation  of  the  coal  and  the  poor  quality  of  gas  produced,  due,  generally, 
to  its  decomposition  in  the  presence  of  the  high  temperatures  that  were 
necessarily  employed. 

There  are  three  general  methods  by  which  the  distillation  of  coal 
in  externally  heated  closed  retorts  is  carried  on : 

First,  the  use  of  relatively  smidl  charges  of  coal  which  do  not  com- 
pletely fill  the  encloung  retort,  leaving  a  variable  free  space  at  the  top. 
This  would  represent  the  usual  horizontal  or  inclined  retorts. 

Seamd,  the  use  of  relatively  large  thick  charges  of  coal  which  do 
not  completely  fill  the  retort  and  leave  a  free  space  at  the  top,  such  as 
a  chamber  or  coke  oven. 

Third,  th«i  iifw  of  vftrtical  retorts  where  the  whole  periphery  is  heated 
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and  filled  with  the  charge,  but  there  may  or  may  not  be  a  free  apace 
above  the  charge  at  the  top  of  the  retort.  This  type  includes  the  various 
continuous  or  intermittently  charged  vertical  retorts  and  some  of  the 
modifications  of  the  vertical  coke  oven. 

¥ig.  198  is  a  sectional  elevation  of  a  bench  of  through  "  mines." 

The  retorts  in  the  atop  end  bench  are  of  fireclay  9  feet  long  of  D  section 
16  by  26  inches  and  are  3  inches  thick,  in  the  through  bench  the  retorts 
are  20  feet  long. 

The  retorts  are  provided  with  an  irou  mouthpiece  with  a  self-sealing 
door  operated  by  a  system  of  eccentric  cams  and  levere. 

It  will  be  noted  that  the  stop  end  retorts  have  only  one  mouthpiece 
while  the  "  throughs  "  have  two,  one  at  each  end. 

From  the  mouthpiece  the  gas  passes  up  through  what  is  known  as 
an  ascension  pipe  to  the  bridge  pipe  and  thence  down  through  the  dip  pipe 
into  the  hydrauhc  main. 

When  the  benches  are  oj)erated  at  very  high  temperatures  to  steure  the 
maximum  yield  of  gas,  and  especially  with  certain  coals,  the  ascension 
bridge  and  dip  pipes  became  choked  with  a  hard  carbonaceoua  deposit  that 
is  sometimes  very  difficult  to  remove.  Removable  covers  are  provided  to 
BO  arrange  that  cleaning  tools  may  be  used  to  remove  these  deposits. 
Many  schemes  have  been  devised  to  remedy  this  difficulty.  One  consists 
in  arranging  three  retorte  in  a  vertical  plane  and  uffing  a  single  straight 
asoension,  or  as  it  is  frequently  called,  stand  pipe;  this  is  then  cleaned 
with  a  mechanically  driven  auger.  Another  device  connects  the  retorts 
by  a  aide  connection  with  a  lai^  rectangular  stand  pipe  provided  with 
internal  slide  valves  for  each  retort  and  down  which  a  stream  of  water 
or  weak  ammouiacal  Uquor  is  constantly  cireulated  being  removed  by  a 
sealed  overflow  tank  at  the  bottom.  This  latter  device  appears  to  entirely 
eliminate  all  difficulty  from  stoppage. 

The  hydraulic  main  is  now  usually  made  of  steel  plate,  is  either  - 
round  or  "  D  "  shaped  and  is  filled  to  a  fixed  level  with  ammoniacal  Uquor 
BO  that  the  end  erf  the  dip  pipes  are  sealed  by  the  liquor,  thus  preventing 
the  escape  of  the  gas  while  the  retort  is  being  chained,  and  at  the  same 
time  allowing  the  gas  to  freely  enter  the  hydrauhc  main. 

In  the  older  installations  the  hydrauhc  main  was  usually  continuous, 
running  the  entire  length  of  the  stack.  This  arrangement  frequently 
gave  trouble,  due  to  tmeven  settling  of  the  bench  construction  throwing 
it  out  of  level.  In  the  later  construction  each  bench  has  an  individual 
small  main. 

In  many  later  plants  an  automatic  device  is  used  whereby  the  level  of 
the  hquor  in  the  hydraulic  main  may  be  raised,  thus  sealing  the  dip  piyies 
when  the  retorts  are  to  be  charged,  or  put  out  of  sei-viee  for  any  reason. 
Then  by  puUing  a  lever  the  level  is  dropped  below  the  dip  pipes,  thus  putting 
the  retorts  in  direct  connection  with  the  discharge  pipes  and  eliminating 
the  vibration  set  up  by  the  passage  of  the  gas  through  the  water  seal. 
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From  the  hydraulic  main  the  gaa  passes  by  means  of  a  large  pipe 
called  the  "  foul  main  "  to  the  condensing  and  purifying  apparatus,  which 
will  be  taken  up  later. 

The  producer  is  provided  with  grate  bars-  and  cleaning  doora  and  is 
charged  with  hot  coke  as  it  is  drawn  from  the  retorts  through  the  chai^ng 
door  on  the  upper  floor  level.  The  primary  air  enters  through  regulating 
shutters  at  the  front  of  the  bench,  passes  around  the  lower  waste  gas 
flues  and  hence  beneath  the  grate.    Rising  through  the  fuel  it  combines 


Fia.  IQQ. — Hub  illustration  shows  the  conveyor  as  it  passes  om  the  retorts.  Tlw 
machiDe  below  is  the  Brooder  Diacharging  Machine.  This  discharges  t-hree 
retorts  simultaneoualy  with  "T"  headed  rakes,  operated  with  a  steam  cylinder. 
Used  for  stop^ud  retorts. 

with  the  carbon,  forming  producer  gas.  Steam  ia  admitted  beneath  the 
grate  to  soften  the  cUnkers  and  control  their  formation  by  lowering  the 
temperature  of  the  fuel  bed.  This  is  due  to  the  endothermic  nature  of 
the  reaction  with  the  carbon  of  the  fuel.  Lately  a  process  has  been  intro- 
duced in  which  a  portion  of  the  waste  gases  are  returned  beneath  the  grate 
with  the  primary  air.  The  endothermic  reduction  of  the  carbon  dioxide 
and  the  diluting  action  of  the  nitrogen  thus  serve  to  control  the  fuel  bed 
temperature.    With  certain  coals  this  has  not  been  successful. 

As  the  producer  gas  rises  through  the  nostrila  into  the  combu^um 
chamber  it  meets  the  secondary  air  which  is  admitted  through  regulating 
shutters  below  and  at  the  front  of  the  bench.    The  air  travels  through 
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firebrick  ducts.  Id  what  is  known  as  the  recuperator,  where  it  passes  hori- 
zontally to  the  right  and  left  and  upward  and  is  heated  by  the  waste 
gases  to  a  temperature  of  from  1600°  F,  to  1800°  F.,  practically  attaining 
the  temperature  of  the  waste  gases. 

As  the  combustion  takes  place  the  hot  products  of  combustion  rise 
around  the  retorts  to  the  top  of  the  combustion  chamber  and  are  then 
drawn  down  and  toward  the  front  of  the  bench  where  they  enter  the  waste 
gas  flues  in  the  recuperator  passing  horizontally  front  and  back  and  down- 
wards giving  up  their  heat  to  the  incoming  secondary  and  primary  air. 
The  waste  gases  finally  pass  to  the  back  of  the  bench  and  hence  to  the 
stack,  the  draft  of  which  is  controlled  with  a  damper  set  at  a  convenient 
point  in  the  recuperator. 

The  temperature  in  the  bench  is  r^^lated  by  a  proper  admission  o£ 
primary  air  to  the  recuperator  and  adjusting  the  secondaiy  air  supply 
so  that  a  slight  excess  of  oxygen 
is  present  in  the  waste  gases 
(about  1.0  per  cent).  The  dis- 
tribution of  the  heat  is  controlled 
by  the  stack  draft  which  is  usu- 
ally so  regulated  that  the  pressure 
in  the  furnace  is  just  at  a  balance. 
In  the  combustion  chamber  the 
temperatures  will  vary  from 
2800°  F.  to  3200°  F.,  just  above 
the  nostrils  to  from  1900°  F.  to 
2200°  F.  at  the  entrance  to  the 
recuperators.  Where  the  prod- 
ucts of  combustion  are  used 
under  the  grate  instead  of 
steam  these  temperatures  will 
be  several  hundred  degrees  lower. 
In  the  retorts  the  temperatmv 
will  vary  from  1600°  F.  to 
1800^  F. 

In  the  older  plants  the  coal    Fia.  200.  —  De  Brower-Ienkins    Centrifugnl 
was  charged  into  the  retort*  with      Charging  Machine.    Electrically  operat«d. 
shovels    by    hand   and   the  coke      Has  elevating  conveyor  to  pick  up  coal  from 
...J  'ii.    ■  1        Li.       the   charging  6oor  level,  which  does  away 

Withdrawn  with  iron  rakes,  but      ^tj,  devrt^d  bina. 
in  the  larger  plants  mechamcal 

charging  and  dischai^ng  machines  are  used.  Fig.  199  illustrates  the 
Bronder  type  of  discharging  rake. 

Fig.  200  is  the  De  Brewer  type  of  centrifugal  charging  machine  and 
Fig.  201  the  discharging  ram.  Fig.  2iX2  is  the  Fiddes-Aldridge  type  in  which 
the  coke  is  pushed  out  of  the  retort  by  the  sectional  scoop  that  intro- 
duces the  fresh  chai^  of  coke.    The  West  is  another  machine  of  this  type. 


vL.OOgIC 


INDUSTRIAL  CHEMISTRY 


Fia.  202. — Fiddes-Aldridge  One-stroke  Machine.  The  charging  scoop  is  sectioDHl  and 
pushes  the  coke  out  of  ooe  end  of  the  retort  as  it  enters  with  tne  fresh  charge  at 
the  other  end. 
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In  endeavoring  to  reduce  the  labor  and  expense  of  charging  the  coal 
and  removing  the  coke  the  inclined  type  of  bench  was  introduced.  In 
this  type  the  retorts  were  set  at  about  32°  to  the  horiEontal.     The  coal 


Fio.  203- — Americao  IVpe  of  Vertical  Retort.  Nine  retorta  in  bench.  Retorts  ovd, 
10"X14"  at  top,  16"X22"  at  bottom,  18'  6"  long.  One  producw  of  large  grate 
area.  Primaiy  and  secondary  air  controlled  with  Venturi  inet«tB.  Three  retorts 
on  one  etandpipe,  which  are  charged  and  discharged  at  one  time.  Length  of 
'  chat^  9  houiB,  coal  and  coke  handled  by  conveyors.    Electrical  operation. 

18  fed  in  at  the  top  by  gravity  and  since  this  is  beyond  the  angle  of 
repose  for  coke  it  will  slide  out  of  the  retort  at  the  bottom  when  set  in 
motion  after  opening  the  lower  lids.  This  type  has  not  been  used  vety 
extenfflvely  in  the  United  States,  as  the  vertical  type  is  meeting  with  more 
favor. 
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E%.  203  is  an  example  of  an  AmericaD  vertical  retort  bench.  He^ 
the  coal  drops  into  the  retort  from  overhead  bins  and  the  coke  drops  out 
at  the  bottom,  entirely  eliminating  manual  handling.  From  the  shape 
and  position  of  the  charge  it  produces  a  better  quality  of  gas  and  coke, 
the  gaa  rising  through  the  center  of  the  charge  thus  being  protected  to 
some  extent  from  contact  with  the  hot  sides  of  the  retort. 

The  simplicity  of  operation  has  led  to  the  introduction  of  continuous 
systems  of  carbonization  in  which  the  coal  is  fed  in  at  the  top  and  the 
coke  withdrawn  continuously  at  the  bottom  of  the  retort  by  appropriate 
mechanical  devices.  Such  a  system  is  illustrated  in  Fig.  204,  which  is  a 
cross-section  of  the  Glover-Weat  type.  Another  system  is  the  Woodall- 
Duckham  which  differs  somewhat  in  details. 

In  an  endeavor  to  etill  further  reduce  operating  costs  the  carboniza- 
tion in  lai^  units  has  received  considerable  attention.  Here  the  cuboniz- 
ing  chamber  is  enlarged  to  hold  from  three  to  eight  tons  of  coal  and  is 
arranged  horizontally,  on  an  incline,  or  vertically.  Fig.  205  is  an  exterior 
view  of  a  Koppers  Oven.  Where  illuminating  gas  is  required  appropriate 
arrangements  are  made  in  the  heating  Sues  to  prevent  overheating  the  gas 
as  it  leaves  the  top  of  the  oven.  The  Munich  Chamber  Ovens  may  alao 
be  mentioned  as  an  example  of  large  scale  carbonizing  apparatus. 

The  general  tendency  in  the  later  instaUations  has  been  in  the  direc- 
tion of  carbonization  in  larger  units.  In  the  horizontal  settings  it  has 
resulted  in  the  more  general  use  of  "  through  "  retorts.  The  vertical 
retort  setting  with  its  larger  charge,  lower  and  easier  tabor  of  operation, 
and  greatly  improved  yield  of  gas  and  residuals,  and  especially  the  quality 
of  coke  produced,  has  increaaed  rapidly.  Some  experimental  inatallationB 
of  large  inclined  chambers  have  been  made  and  several  coke  ovens  (modi- 
Bed  to  avoid  overheating  the  gas)  have  been  put  into  operation. 

It  will  be  noted  that  all  of  these  forms  are  heated  by  producer 
gas,  generated  either  In  producers  built  as  an  integral  part  of  the  bench 
or  in  separate  plants.  The  proper  and  efficient  operation  of  a  producer, 
and  the  maintaining  of  a  uniform  and  effective  temperature  in  the  car- 
bonizing chambers,  are  the  important  factors  in  successful  bench  operation. 

The  advances  that  Iiave  been  made  in  recent  years  in  the  efficiency 
of  many  of  our  manufacturing  processes  are  based  on  the  great  advance 
in  our  knowledge  of  the  mechanism  of  combustion,  and  in  the  refinements 
and  methods  for  its  accurate  control. 

The  important  factors  in  the  operation  of  the  producer  are  proper 
regulation  of  the  drafts  and  the  admission  at  a  uniform  rate  of  the 
requisite  quantities  of  primary  and  secondary  air  required  in  order  that 
a  suitable  temperature  may  be  maintained,  and  to  insure  the  efiiciency 
of  this  combustion  the  flue  gases  must  contain  a  high  percentage  of 
carbon  dioxide.  Accurate  conmiercial  instruments  are  now  avail^le  for 
the  determination  and  the  control  of  all  of  these  factors. 

The  introduction  of  external  producer  plants,  where  the  gaa  is  gen- 
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Fia.204. — Glover-West  ContinuouBVerticftU.  Sectional  elevation  of  vertical  retort  house 
and  coal  atores.  Eight  retorts  in  a  bench.  Single  producer.  Retorts  are  heated 
by  sections.  Coal  falls  into  retort  by  gravity  as  coke  is  removed  from  the 
bottom. 


Fia.  206. — Kopper  Coke  Ovens.  Tliree  chambers  heated  by  one  generator.  Chambers 
14'  bug,  8'  highi  17"xiS)"  in  width.  Heating  is  by  v^ical  fluea.  Each  set  of 
ehambcTH  has  a  separate  hydraulic  main.  Chambers  are  charged  from  top  of 
Isrty  and  the  coke  is  pushed  out  with  a  ram.    Charge  is  about  four  tone  of  coal. 
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Pio.  206. — Unloading  Coal  at  Dock  and  Dumping  into  Tnicka. 


Fio.  207.— The  coal  having  been  dumped  into  hopper  from  trudca  is  cnuhed 
and  traneferred  to  bucket  conveyon. 
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erated  and  partially  purified  before  being  admitted  to  the  benches,  seems 
to  promise  further  economies  in  the  fuel  necessary  to  cairy  out  the 
process  of  carbonuatioo.  Other  mechanical  devices  have  been  introduced, 
such  as  rocking  grates,  which  are  designed  to  continuously  remove  the 
ash  and  thus  result  in  more  uniform  fire  conditions,  and  mechanical 
devices  whereby  the  admission  of  the  primary  and  secondary  tur  may 
be  controlled  to  correspond  to  the  varyii^  conditions  of  the  fuel  bed. 
The  saving  in  fuel  that  has  been  effected  by  the  use  of  more  accurate 
control  over  the  combustion  is  shown  by  the  following  table,  where 
the  fuel  used  in  the  producer,  when  calculated  to  pounds  of  coke  per 
thousand  feet  of  gas  made,  is  compared: 


Tnw  of  Btotb, 


Fuel  In  Lba.  prr  M  feet  Om  M>d< 


Old  type  of  direct  fired 

Full  depth  recuperative  bench  without  mechaoical  control 
MechaoicaUy  controlled  benchcfl 


70  to  75  lbs. 
30  to  35  lbs; 
18  to  22  Iba. 


Hechanical  Coal  and  Ct^e  Handling  Devices.  In  the  smaller  plants 
the  coal  and  coke  is  usually  handled  by  hand  in  iron  wagons  known  as 
"  buggies,"  but  with  the  increase  in  the  size  of  the  more  modem  plants 


FiQ.  208. — This  illustration  shows  the  buckets  loaded  and  o 
itorage  bins. 


their  way  to  the 
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mechanical  methoda  aoon  became  imperative  not  only  on  account  of  the 
difficulty  and  increased  coet  of  obtaining  the  necessary  labor  but  also  on 
account  of  the  enormouB  quantities  of  material  to  be  handled,  so  that 
at  present  in  the  modem  plants  the  coal  and  coke  an  handled  entirely 
by  machinery,  and  almost  automatically. 

Fig.  206  is  an  unloading  installation  that  will  put  the  coal  in  storage 
piles  or  in  trucks.  Telfer  systems  have  been  considerably  used  where  the 
coal  must  be  transported  a  considerable  distance  and  the  belt  or  bucket 
type  of  conveyor  where  the  distance  is  short.  Figs.  207  and  208  illustrate 
an  installation  of  the  bucket  type.  For  coke  -the  push-plate  type  of 
conveyor  running  in  a  trough  seems  to  be  most  generally  used.  Where  the 
coke  IB  hot  the  trough  is  partially  filled  with  water. 

The  use  of  mectianical  devices  in  chai^ng  the  coal  into  the  retorts 
and  removii^  the  coke  has  already  been  mentioned. 

Theory  of  Coal  Carbonization.  From  the  high  temperatures  and  con- 
siderable amoimt  of  fuel  that  are  employed  in  the  distillation  of  coal 
we  would  expect  to  find  an  endothermic  reaction,  and  it  is  still  so  considered 
by  some.  The  work  of  Mahler,  Euchane  and  others  has  shown  that  it  is 
probably  shghtly  exothermic.  The  heat  given  off  by  the  distillation  varies 
somewhat  with  the  volatile  content  of  the  coal  and  other  conditions,  but 
averages  about  350  B.T.U.  per  pound  of  coal. 

The  fuel  used  in  carrying  out  the  process  serves  to  start  the  distil- 
lation and  supply  the  sensible  heat  that  is  carried  off  by  the  evolved 
products. 

From  the  heat  balance  that  is  given  in  the  table  it  will  be  noted  that 
the  heat  given  off  by  the  reaction  is  but  a  small  fraction  of  the  total 
heat  involved  and  may  be  neglected. 

HEAT  BALANCE  WITH  A  REGENERATIVE  BENCH. 

Per  100  lbs.  of  Coal  Carboniced 

Heat  PnoDncEO 

By  combustion  of  coke 180553  B.T.U. 

By  formation  of  volatile  compounds 52637      " 

Total  heat  evolved 233190      " 

Heat  Absohbxd. 

As  sensible  and  latent  heat  of  flue  gases 58734  B.T.U. 

As  sensible  heat  of  gaseous  vapors 32166      " 

As  sensible  heat  of  coke 43148      " 

As  sensible  heat  of  clinker 1863      " 

By  radiation 48276 

By  formation  of  volatile  compounds 3517      " 

By  decomposition  of  coal 45486 

Total  heat  absorbed 233190     " 


ILLUMINATING  GAS  487 

PERCENTAGE  DISTRIBUTION  OF   HEAT  LOSSES 

By  flue  gases 25.20% 

By  volatile  compounds 13 .  80 

By  coke 18.50 

57.50% 

By  radiation 20.70 

By  formation  of  volatile  compounds  .     1 .  50 

By  decomposition  of  coal 19.50 

By  clinker 80 

42.50% 

It  is  interesting  to  note  in  this  connection  that  in  the  example  quoted 
the  fuel  used  was  at  the  rate  of  30.2  lbs.  per  thousand  cubic  feet  of  gas 
made,  almost  exactly  what  we  would  expect  in  the  manufacture  of  ear- 
buretted  water  gas  where  not  only  all  the  heat  necessary  for  the  reaction, 
but  also  about  one-third  of  the  total  heat  in  the  gas  comes  from  the  fuel. 

The  general  course  of  the  distillation  of  coal  is  influenced  by  a  number 
of  factors  and  these  may  be  summarized  into  the  general  statement 
that  under  any  given  condition  of  temperature  and  pressure  it  is  the 
rate  at  which  the  heat  penetrates  the  coal  particles  and  the  time  that 
the  gaseous  vapors  are  exposed  to  its  influence  that  determines  the  course 
and  results  of  the  distillation. 

The  coal  particles  acquire  the  temperature  of  the  retort  by  con- . 
duction,  radiation,  and  from  the  passage  of  the  heated  vapors  through 
the  charge.  The  rate  of  carbonisation  toward  the  center  of  a  chaise 
has  been  estimated  at  from  1.0-1.5  inches  per  hour  in  horizontal  retorts, 
0.5-0.6  inch  in  vertical  retorts,  and  from  0,3-0.5  inch  in  coke  ovens. 
The  factors  that  influence  the  rapidity  of  heating  are  the  available  heat, 
head,  the  size  of  the  coal  particles  and  the  moisture  content.  In  general, 
in  order  to  secure  the  maximum  increase  in  temperature  the  coal  particles 
should  be  brought  into  intimate  contact  with  the  walls  of  the  retort, 
and  must  provide  a  certain  percentage  of  voids  for  the  circulation  of  the 
heated  gases,  while  an  increase  in  the  size  of  the  coal  particles  up  to  a 
certain  point  generally  yields  unproved  r^ults. 

Gas  Coal.  In  the  manufacture  of  coal  gas,  coal  with  n  high 
volatile  content  is  generally  preferred;  that  is,  a  coal  belon^ng  to  the 
bituminous  series  according  to  the  usual  method  of  coal  classification. 
COAL  CLASSIFICATION— GRUNER 


Oircsn. 


Dry  cool;  long  flaming,  non-coking 

Fat  gaa  coal;  porous,  brittle  coke 

Semi-Cat  fumace  coal;  good  coke  but  porous. . 

Coking  coal;  beet  grade  of  coke ^. , 

Lean  and  anthracite  ooals;  non-coking 


4.5-5.5 

5.0-5.8 
5.0-5.5 

4.5-5.5 


15.0-lS.S 
10,0-13.2 
5.5-10.0 

4,5-5,5 
3,0-4,5 
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Theae  methods  of  claesificatioD  vary  somewhat,  but  usually  depend 
either  on  the  ratio  of  volatile  combustible  to  fixed  carbon,  or  upon  the 
ratio  of  hydrogen  to  carbon,  as  determined  by  ultimate  analyeos.  Such  a 
dassification  is  given  in  the  table  on  the  preceding  page. 

The  gas  coa's  in  general  use  have  a  volatile  content  running  from 
32  to  40  per  cent  or  a  carbon:  hydrt^n  ratio  of  from  13}  to  17.  The 
analyses  of  a  number  of  American  coals  are  shown  in  the  table: 

PROXIMATE  AND  ULTIMATE  ANALYSES  OF  GAS  COAI£ 


«■ 

pJSZ. 

^J^^:^ 

K«.tueky. 

Ohio. 
Hockinc 

H^H^-SSi 

1.07 
39.24 
50.92 

8.77 
82.47 
6.01 
6.81 
1.88 
2.83 
15363 

1.35 
36,92 
55.36 
6.37 
78.31 
5.26 
7.61 
1.55 
.90 
14164 

1.92 
36.56 
57.08 
4.44 
78.31 
5.36 
8.80 
1.85 
1.24 
14319 

6.72 
37.13 
so. 32 

5.83 
69.42 

5.35 
16.27 

1.46 

1.67 
12388 

69  85 

H«ating  v&lue,  B.T.U.  p<r  pound 

12620 

The  result  of  distillii^  coal  at  various  temperatures  has  been  quite 
carefully  studied  by  a  number  of  observers,  and  it  has  been  found  that 
not  only  the  percentage  of  the  volatile  matter,  but  its  composition 
plays  an  important  part. 

It  is  notable  that  some  of  the  newer  Western  coals  yield  considerably 
less  gas  than  the  Eastern  coals  having  the  same  content  of  volatile 
matter.  The  ultimate  analysis  of  a  coal  does  not  throw  very  much  light 
on  its  suitability  for  the  manufacture  of  gas,  although  certain  general 
indications  may  be  derived  from  it.  In  general,  increa^ng  percentages 
of  hydrogen  result  in  more  volatile  constituents,  and  high  percentage 
of  oxygen  apparently  decreases  the  yield  of  gas  and  slightly  increases 
the  yield  of  tar.  The  hi^er  percentages  of  nitrogen  usually  result  in 
more  ammonia.  The  presence  of  sulphur  is  to  be  avoided  as  far  as 
posfflble,  yet  its  manner  of  occurrence  ia  important  in  detennining  whether 
it  will  be  volatile  and  go  off  in  the  gas  and  have  to  be  removed,  or 
whether  it  will  remain  in  the  coke.  Where  the  coke  is  to  be  used  for 
the  manufacture  of  water  gas,  the  CKHuposition  and  fusing  point  of  the 
■ah  is  important,  while  in  case  it  is  to  be  used  for  foundry  work,  the 
absence  of  sulphur  and  phosphorus  is  essential. 

Chemical  Theory  of  Coal  Carbonization.  The  carbonisation  of  the 
coal  proceeds  in  three  general  stages: 

First.  There  is  a  preliminary  decomposition,  which  b^ins  as  soob 
as  the  coal  has  reached  a  temperature  of  from .  OW-TSO"  F.,  and 
as  this  stage  is  quite  strongly  endothermic,  approaching  as  it  does  a 
fusion,  the  temperature  remans  practically  constant  until  completion. 
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Second.  The  products  resulting  from  the  first  atage,  which  consist 
principally  of  the  higher  members  of  the  aliphatic  series  suffer  molecular 
rearrangement  with  the  formation  of  compounds  containing  probably 
less  than  three  atoms  of  carbon.  The  first  two  stages  take  place  almost 
simultaneously  within  the  charge  itself. 

Third.  The  gaseous  vapors  resulting  from  the  second  stage  when 
evolved  from  the  protecting  influence  of  the  coal  particles  are  acted 
upon  by  the  conducted  and  radiant  beat  of  the  more  highly  heated 
portions  of  the  charge  pr<^)er,  of  the  sides  of  the  containing  retort  and 
of  the  highly  heated  surfpces  with  which  the  vapors  may  come  into  contact. 

The  reactions  that  take  place  during  the  third  stage  are  very  com- 
plicated and  depend  upon  the  temperature,  time  of  contact  and  pressure. 
The  iufiuence  of  these  factors  are  so  intermingled  that  it  is  difficult  to 
give  each  its  true  value  as  affecting  the  whole. 

There  results  from  the  distillation  of  coal  three  classes  of  products: 
gases — condensed  watery  solutions — condensible  hydrocarbons  and  a 
carbonaceous  residue. 

These  products  are  known  commercially  as  coal  gas — ammoniacal 
liquor — coal  tar  and  coke.  The  average  distribution  of  the  elements  in  the 
coal  into  these  products  with  their  analysis  is  ^ven  in  the  tables  below : 
COMPOSITION  OF  COKE 


Hydrogen. 

Olqrgen.. 

Nitrogen . 
Sulphur.. 

Ash 

Moisture . 


ELEMENTARY  COMPOSITION  OF  COAL  GAS 


VenioaL     CoksOTeu*.  Fruc. 


[or.  En«U<hHDr. 


Carbon 63.87 

Hydrogen 21.04 

Oi^en 16.43 

Nitrogen 8.92 


57.09 
19.45 
10.65 


COMPOSITION 

OF  COAL  TAR 

a™^.. 

Hydnulic. 

Scnibber, 

CoDdenKr. 

Holder. 

Carbon 

84.91 
0.66 
3.601 
1.60/ 
.34 

90.186 

4.848 
4.066 

80.91 
4.045 
6.270 

87.222 
5,499 
6.279 

85.183 
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DISTRIBUTION  OP  COMPONENTS  OF  COAL  BY  DISTILLATION 


coia. 

Coke. 

Tw. 

Qu. 

Liiuor. 

8.18 
4.34 
72.08 
4,78 
8.73 
.87 
1.02 

8.18 

56;453 
.446 
,909 
.271 
.712 

5.'418 
,378 
,504 
,042 

io;26e 

3,481 
3,516 
,374 
.306 

4.340 

,183 

100.00 

67,071 

%.342 

17.888 

8.7W 

GENERAL  DISTRIBUTION  OF  PRODUCTS 
From  100  lbs.  of  Coal 


SyiWrn. 

Hori»ntl1, 

Verticil. 

Coke  Ovedj. 

Co»1, 

Youth. 

Wntnlnl. 

Bav. 

Volalilea 

34,8% 

28,1% 

34,6% 

31.2% 

68,6       lbs. 
18,4 
7.8 
.229 

71,0     Ibe. 
16.3 
4.58 
,326 

71,13  lbs. 
16,43 

^34 

Gas 

' 

If  we  should  express  the  ultimate  composition  of  these  products  as 
complex  molecules  the  decomposition  of  the  coal  might  be  represented 
by  the  following  equation: 


If  the  heats  of  combuetion  are  calculated  by  the  Duloi^  formula  it  will 
be  found  that  the  aum  of  the  heats  of  combustion  of  the  products  is 
less  by  some  2.42  per  cent  than  the  heat  of  combustion  of  the  coal,  so  that 
the  reaction  is  exothermic  by  about  339  B.T.U.  per  pound  of  coal,  which 
represents  the  heat  liberated  and  thus  lost  during  the  distillation. 

The  relative  occurrence  of  the  constituents  of  these  products  is  in 
general  dependent  upon  the  complex  reactions  that  take  place  in  the 
third  stage  of  the  carbonization.  As  at  the  temperature  of  their  foiv 
mation  theue  products  are  evolved  as  vapors  we  may  consider  them 
together  and  later  discuss  the  different  products  formed  by  condensation. 

The  theory  of  the  formation  and  molecular  rearrai^ment  of  the 
various  hydrocarbons  under  the  influence  of  heat  has  been  studied  by 
a  number  of  experimenters.  The  early  theory  propounded  by  Berthelot 
a^umed  that  acetylene  was  the  primary  product  of  the  pyrodecompo- 
sition  and  that  all  the  products  were  the  result  of  its  condensation. 
Many  other  workers  enlarged  this  idea,  but  from  the  more  recent  work 
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we  do  not  look  for  the  primary  formation  of  acetylene  but  rather  expect 
a  splitting  off  of  the  terminal  hydrogen  and  carbon  atoms  with  the 
formation  of  residues  such  as  H2C=  and  HC=  which  according  to  the 
temperature  and  other  conditions  may  combine  with  each  other:  take 
up  hydrogen  or  decompose  into  their  elements. 

A  veiy  large  amount  of  work  has  been  done  recently  on  the  composi- 
tion of  coal,  principally  with  the  use  of  various  organic  solvents.  In  this 
manner  two  main  fractions  can  be  separated,  the  one  probably  related  to 
the  original  cellulose  and  the  other  to  the  resinous  constituents  in  the  coal. 
These  complex  organic  materials  seem  to  correspond  closely  to  the  light 
tars  or  oib  produced  by  the  distillation  of  the  coal  at  low  temperatures 
and  in  a  vacuum.  They  usually  show  a  very  large  percentage  of  phenolic 
bodies  together  with  a  trace  of  aromatic  hydrocarbons.  When  these 
oils  are  subjected  to  temperatures  ranging  from  550  to  800°  C.  there  is 
a  progressive  decomposition  of  the  olefines  and  higher  paraffines  and 
naphthenee   and   an   increasing   production   of   aromatic   hydrocarbons. 

There  has  been  a  tendency  to  ascribe  to  the  naphthcr.es  an  important 
part  as  intermediate  products  in  these  secondary  transformations,  but  it 
appears  more  likely  in  view  of  our  present  knowledge  that  probably  the 
higher  members  of  the  olefine  series  are  of  great  importance,  in  view  of 
Uie  fact  that  the  naphthenes  appear  to  break  down  at  somewhat  lower 
temperatures  than  those  at  which  practice  indicates  the  maxmnjm  forma- 
tion of  aromatic  hydrocarbons  taking  place.  In  view  of  the  very  consider- 
able amount  of  work  that  has  been  done  on  this  problem  espedally  in 
connection  with  thermal  decomposition  of  paraffine  hydrocarbons  and  prob- 
able course  of  rearrangement  may  be  as  follows: 

The  table  below  gives  the  general  direction  of  the  pyrocondensations 
at  the  lower  and  higher  temperatures.  It  assumes  that  the  simpler 
olefines  and  paraflines  are  the  result  of  the  first  two  (.tages  of  the  cai^ 
bonization  and  shows  the  probable  products  due  to  the  influence  of  the 
higher  temperatures  that  are  effective  during  the  third  at^e. 

PROBABLE  COURSE  OP  REARRANGEMENT  OF  HYDROCARBONS 
Primary  Products:  Ethylene,  methuie,  ethane  and  poesibly  hydrogen. 
Ethylene  — •  ethane + methane + hydrogen. 
Ethane  — »  acetylene+  methane +hydr(^en. 
Acetylene  — »  benzol. 

Benzol  — •  diphenjd,  anthracene,  phenathene. 
Beoiol+acetylene  — •  napthalene. 
Bensol-i- ethylene  -»  styrotene  and  other  tany  products. 

Styrolene+benzol —*  napthalene  dipheuyl.    Acetnaphthalene,  anthracene,  and 
phenaothrene. 

While  the  results  given  in  the  above  table  are  from  experimental  data 
the  tables  below  will  give  the  results  of  actual  conditions  in  carbonizing 
as  affecting  the  composition  of  the  gas,  tar  and  coke  at  different  periods 
of  the  distillation  and  under  different  temperature  conditions. 
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The  effect  of  the  proper  and  regulated  amount  of  superheating  is 
well  shown  by  the  superior  results  obtained  with  the  American  type  of 
vertical  retcrte  which  are  not  completely  filled  and  the  upper  4-5  ft.  of 
the  retort  acta  as  a  fixing  chamber  ae  against  the  Gennan  type  in  which 
the  retort  is  completely  filled  and  no  fixing  surface  exists. 

It  will  be  noted  that  as  the  temperature  rises  and  the  time  of  exposure 
increases  (due  to  the  small  make  of  gas)  the  change  and  the  character  of 
the  products  closely  follows  the  directions  that  the  experimental  investi- 
gations have  predicted.  The  gradual  decrease  in  the  olefines  and  ethane 
and  the  increase  in  the  methane  and  hydrogen.  It  must  be  remembered 
in  studying  these  results  that  the  doubling  of  the  volume  of  hydrogen 
as  it  is  given  ofF  tends  to  mask  the  volumetric  relations  of  the  other 
hydrocarbons  whose  volume  is  not  doubled  and  in  some  eases  results  in  a 
contraction  of  volume. 


RESULTS  OF  DIFFERENT 

CARBONIZING  TEMPERATURES 

800=  F. 

1000°  F. 

ISOO-F. 

Yield,  cubic  feet  per  pound 

.400 

523  " 

12.6 

78.8 

22,04 
.37 
6,00 
4.00 

19.66 

18,45 
8.02 
7.80 
.60 

36.47 

1.233 
19.7     . 
24.29 
6S1 
23.8 
60.6 
13.00 
1.47 
5.85 
4.90 
22.03 
30-78 
7.84 
6.00 
.30 
23.23 

2.319 

18.0 

43.38 

745 

22.4 

67.8    . 
7.97 
2.29 
5.75 
4.70 

32.13 

36.53 
8.27 
3.45 
1.20 
7.97 

3  601 

Candle  feet          

B.T.U 

626 

Volatileo  in  coke 

Hi 

CH« 

COj 

3  20 

Oi...    . 

The  pressure  at  which  these  reactions  take  place  has  a  considerable 
influence  on  the  products  formed.  Owing  to  the  permeability  of  the 
retorts  if  too  low  a  pressure  is  miuntained  furnace  gases  will  be  drawn 
in,  which  would  seriously  lower  the  candle-power,  while  on  the  other 
hand  an  excessive  pressure,  by  retarding  the  evolution  of  the  gas,  tends 
to  result  in  excessive  decomposition  and  in  the  formation  of  graphitic 
carbon.  Experience  points  generally  to  a  balanced  pressure  just  equal  to 
that  of  the  atmosphere,  and  it  should  be  maintained  as  nearly  constant 
as  possible.  This  latter  condition  is  probably  best  insured  by  the  use  of 
retort  house  governors. 

It  will  be  noted  from  the  foregoing  that  the  gas  obtained  from  a 
pound  of  coal  and  its  illuminating  value  depends  upon  a  number  of  factors, 
viz.,  the  coal,  the  system  of  carbonization  employed,  the  temperature  in  the 
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VARIATIONg  DURING  DISTILLATION 
Vebtical  Retortb 


Hour*  tltet  Cbarting. 

ProportioQ  of  yield 

Candle  power 

Heating  Value  in  B.T.U. . 
AmmoDia,  grains  per  100 
H£,  grains  per  100  cu.ft. 

lib 

CO 

H, 

CH, 

C,H. 

CO, 


250     250 
295     2g5 


8.05   8,00  7.70   5.60t  4.10 

8.90]  7.20  8.401  8,601  7.05 

38.25:37.8036-80  39.0044.  IS 

4539.60  41. 30|42. 00:39. 60 

00  2.70    1.7.0   1.30 

2.40   2.20 


.40 
1,00 


1.65   ; 


,20 


.15 
i(  1.15 


7,70 
45.80  57.40 
37.4027.00 

2.50    1 

.20 
1,90  : 


7.60  6.30 
66.9068.80 
20.7018.60 

2.70 
.80 
1.801  2-50 


retorts,  and  several  other  conditions.  It  is  interesting  to  note  that  for 
any  given  coal,  that  the  product  of  the  yield  of  gas  per  pound  in  cubic 
feet  and  the  candle-power,  i.e.,  the  candle-feet,  is  quite  constant,  its 
value  for  different  coals  varying  from  65  to  80.  Assuming  an  average 
candle-power  of  14  this  results  in  yields  of  from  4.65  to  5.75,  Some  of 
the  Western  coals  will  rarely  yield  over  4.5  cu.ft.  per  pound  while  nearly 
all  the  better  Eastern  coals  will  yield  over  5.00  cu.ft.  under  proper  operating 
conditions. 

In  addition  to  the  other  gases  wbich  have  been  considered,  there  are 
present  ammonia,  cyanogen,  hydrt^en  sulphide,  carbon  disulpbide  and 
traces  of  some  other  oi^^anic  sulphur  compounds  that  need  not  be  con- 
sidered. The  ammonia  and  hydrogen  sulphide  both  appear  early  in 
the  distillation,  soon  reach  their  maximum  and  then  decline,  the  ammonia 
somewhat  faster  than  the  hydrogen  sulphide.  The  cyanogen  and  carbon 
disulphide  on  the  other  hand  gradually  increase  as  the  temperature  rises. 

There  seems  to  be  some  connection  between  the  proportion  of  ammonia 
and  cyanc^n  which  has  been  explained  by  the  probable  reaction: 
,2CN+3H!i 
NH3<( 

^Na    +3Ha 

The  critical  temperatures  of  maximum  yield  seem  to  be  about  850- 
900°  F.  for  ammonia  and  from  1650-1750°  F.  for  cyanc^n.  When  the 
temperature  rises  above  1800°  F.  these  gases  seem  to  be  decomposed  into 
their  elements. 

The  yield  of  ammonia  and  cyanogen  is  naturally  dependent  upon  the 
amount  of  nitrogen  present  in  the  coal,  but  is  apparently  more  affected 
t^  the  system  of  carbonization.     Generally  with  the  higher  temperatures 
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the  yield  of  ammonia  is  decreased  while  the  cyanogea  increases,  but  tlua 
is  not  always  the  case,  the  ammonia  and  cyanogen  sometimes  varying  in 
the  aame  direction.  It  will  be  noted  from  the  following  table  that  the 
horizontal  retorts  yield  less  ammonia  than  either  the  vertical  retorts 
or  the  coke  ovens. 


VertJul. 

CoksOveiu. 

1.25% 

4.5* 
2.4» 

1.31% 

6.1* 

1.2# 

1.29% 

6.S« 

1.5# 

AmmonEa,  aa  NHi  per  ton.  . . 
Cyanogen,  as  CN  per  ton. . . 

The  ratio  and  quantity  of  hydrogen  sulphide  and  carbon  disulphide 
seems  to  vary  not  only  with  the  temperature  but  also  with  the  method 
of  carbonization  as  the  vertical  retorts  apparently  yield  less  fixed  sulphur 
compounds  than  the  horizontal  retorts  and  probably  more  hydrogen 
eulpbide«  In  general  the  total  sulphur  compounds  in  the  gas  increase 
with  the  sulphur  in  the  coal,  but  a  table  below  shows  how  the  sulphur 
is  distributed  with  some  American  coals  when  tested  in  horizontal  retorts. 


Co«l. 

'•'&" 

S«^^^i» 

GruTU  per  100  Cu.  Ft. 

BTE'or 

Sulphur 

6.76% 

2.39 

1.64 

1.S9 

1-35 

1.21 

1.01 

.96 

.94 

2.27% 

2.38 

1.53 

1.28 

1.15 

.82 

.93 

.84 

,66 

2100 
055 
735 
910 
702 
340 
420 
400 
260 

Carteraville 

UoAlliot.^ 

Coal  Tar.  In  addition  to  the  gaseous  hydrocarbons  formed  during 
the  third  stage  of  the  carbonization  the  very  complex  mixtuve  of  ring 
hydrocarbons  and  their  derivatives  having  boiling-points  considerably 
above  that  of  water  are  formed  and  conden.sed  into  what  is  known  as 
tar.  The  table  on  page  495  gives  a  comparison  of  the  diatillalion  of  a 
number  of  samples  from  the  different  methods  of  carbonization. 

This  shows  the  variation  in  the  character  of  the  hydrocarbons  that 
are  formed  with  the  increasing  time  of  distillation  and  increase  in  tem- 
perature. The  increasing  gravity  and  the  higher  fixed  carbon  content 
denote  the  increasing  complexify  of  the  hydrocarbons  formed. 

The  yield  of  tar  varies  with  the  coal  and  other  carbonizing  condi- 
tions.    It  generally  decreases  with  higher  temperatures  and  an  increased 

D,uMz.;l;,V.OOglC 


ILLUMINATING  GAS 


Wu«  Gm 

I  lenntw  I 

Chklnbcr 

Coko 

Tw. 

Vcrtioli. 

Ovens. 

Specific  gravit> 

1.081 

1.079 

1.123 

1.122 

1.155 

1-226 

Free  carbon. . . 

.32% 

3.4% 

3.2% 

5.4% 

8.0% 

23.03 

1.98% 

12,5% 

10.1%. 

6,1% 

4,3% 

2.1% 

Crfte 

23.1% 

18.7% 

22.7% 

24,6% 

33.5% 

52.67 

DisUlUtioo 

%    Sp.Cr 

%   Sp.  Gr. 

%   Sp.  Gr. 

%   Sp.  Gr, 

%   Sp.  Gr. 

%   Sp.Gr. 

Sun -250 

.0  

2.5     .905 

.0  

-0  

.0 

2.6     .961 

250-300 

.0 

1.6     .920 

2.0     .921 

2,0     .898 

,0 

300-360 

4.0     .907 

4.5     .925 

1.3     .933 

4.0     .904 

.0 

.2 

350^00 

5.4     .929 

9.7     .963 

7.0     .979 

5.5     .971 

.0  

2.0  1.004 

400-450 

5-3     .974 

13.6     ,993 

11,0  1,008 

13  5  1.018 

9.0  1.041 

6.9  1,029 

450-500 

11.0  1.004 

11.6  1.022 

7.0  1.030 

10.0  1.025 

10  0  1.080 

11.4  1.039 

600r550 

.82  1.017 

11,5  1  055 

6.8  1.050 

3.8  1,055 

3.4  1.098 

5.7  1,064 

550-600 

13,7  1  038 

MO  1.095 

8.1  1.081 

6.0  1.079 

4.8  1.102 

5  1  1-117 

800-650 

13,0  1,091 

8.0  1,189 

13.3  1.113 

9,3  1  101 

9.0  1.120 

7,5  1.132 

660-700 

8.6  1.123 

22,0  1.158 

9-4  1.135 

10  2  1,187 

1.7  1.168 

700-750 

8.0  1.176 

9-2  1.165 

9  5  1.192 

4.4  1.185 

Above  750 

3.1  1.225 

10.2  1.2O0 

yield  of  gae.  With  borizontal  retorte  the  tar  yield  may  vary  from  10  to 
14  gallons  per  ton,  with  vertic&l  retorts  from  12  to  16  gallons,  while 
from  coke  ovens  the  yield  may  be  as  low  as  5  to  8  gallons. 

The  utilization  of  coal  tar  has  given  rise  to  an  industry  that  is  in- 
creasing in  importance  with  great  rapidity,  especially  during  the  last 
three  yeara,  and  it  is  not  too  much  to  expect  that,  given  an  abundant 
supply  of  crudes,  i.e.,  benzol,  toluol,  naphthalene,  etc.,  that  with  further 
working  up  of  these  products  into  the  finer  organic  chemicals,  dies  and 
synthetic  drugs  the  United  States  will  be  in  a  position  to  seriously  chal- 
lenge the  present  position  of  Germany  and  England  in  this  indubtty. 

Coke.  The  coke  or  carbonaceous  residue  that  remains  in  the  retort  is 
influenced  by  the  methods  and  temperatures  employed  in  the  distillation. 
The  coke  produced  in  the  ordinary  retorts  where  the  charge  of  coal 
is  small,  the  time  short  and  temperature  rather  low,  is  porous,  soft,  and 
contains  several  per  cent  of  volatile  material.  As  the  size  of  the  charge 
increases  and  the  time  is  lengthened  the  coke  loses  the  volatile  matter, 
becomes  harder  and  more  metallic  in  appearance  and  is  stronger 
and  denser,  so  that  it  becomes  available  for  foundry  purposee.  In  the 
coke  oven,  Fig.  205,  where  the  charge  is  still  lai^er  and  the  time  extends 
to  24  hours,  or  in  the  bee-hive  ovens  to  48  hours,  the  most  valuable  grades 
of  coke  for  iron  and  ateel  industry  are  produced.  The  dense  character 
is  dependent  apparently  upon  the  length  of  time  the  coke  is  acted  upon 
by  the  heat  and  upon  the  weight  of  the  charge  which  causes  a  com- 
presaon  within  itself. 

The  percentage  of  fixed  carbon  in  the  coal  practically  fixes  the  per- 
centage of  coke  yield,  yet  this  is  affected  slightly  by  the  system  of  car- 
bonizing.    The   vertical   retorts   yielding   a   slightly    higher   percentage 
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than  the  horisontAl  retorts  while  with  the  coke  ovens  there  is  a  confiider- 
able  increase;  in  this  case,  however,  the  increased  yield  of  coke  seems  to 
be  at  the  expense  of  the  tar. 

The  table,  on  page  495,  of  analyses  of  the  coke  fmca  the  different  proc- 
esses shows  cleariy  the  above  variation  in  physical  characteristics. 


COMPARATIVE 

COKE  ANALYSES 

Bee-Hive  Oven.. 

Retort  CokB 

VerticJ  Retort. 

HoriionUl 
Retort. 

Moiiiture 

Volatile  compounda. .'. . . 

.35 
.34 
92,69 
5.89 
.74 
1.83 
52.07 
47.93 

1.25 
1.61 
86.66 
10.48 
.77 
1.90 
'    49.49 
60.51 

1.35 

1.73 
87.40 

9.52 
.99 

1.82 
59.25 
40.75 

2.57 

3.84 

m 

Per  cent  of  colce 

Per  cent  ot  ceUa 

53.89 
46.11 

Gas.  The  gas  as  it  issues  from  the  coal  passes  out  through  the  mouth- 
piece and  up  the  ascension  pipe,  and  by  means  of  the  dip-pipe  enters 
the  hydraulic  main.  This  acts  as  a  seal  to  prevent  the  gas  escaping 
from  the  hydraulic  main  back  into  the  retort  when  the  mouth-piece 
is  open  for  chargii^  or  dischar^ng.  f^.  209  shows  the  general  plan  of 
coal  gas  plant. 


Fio.  209. — Outline  of  Coadensatiou  and  PuriAcation  of  Coal  Gas. 

Ordinarily,  there  is  an  ascension  pipe  for  each  retort,  but  in  some 
cases  one  ascension  pipe  serves  three  retorts,  which  are  set  directly  above 
one  another.  This  system  is,  of  course,  only  applicable  where  the  retorts 
are  chai^d  and  discharged  simultaneously  by  machinery. 

Hydraulic  Main.  The  desirability  of  the  use  of  a  liquid  seal  in  the 
hydraulic  main  is  subject  to  some  question,  and  there  are  a  number  of 
methods  proposed  and  in  use  whereby  this  seal  may  be  lowered  after 
the  retort  has  been  charged,  thus  puttii^  the  retort  in  direct  connection 
with  the  hydraulic  mun,  and  then  raising  it  so  that  the  retort  is  sealed 
off  when  the  lids  are  opened  for  charging  and  discharging.  Valves  of 
different  design  have  also  been  used  for  this  purpose. 

When  the  hot  gases  come  in  contact  with  the  liquid  in  the  hydraulic 
main,  a  certain  amount  of  tar  b  deposited;  this  is  removed  automatically 
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frron  the  main  in  order  that  it  may  not  come  into  direct  contact  with 
the  gas,  and  thus  cause  a  deterioration  of  the  candle-power. 

The  crude  gas  leaves  the  hydraulic  mun  at  a  temperature  of  from 
ISO'-ISO"  F.,  and  contains  a  number  of  impurities — ^tar,  ammonia  sul- 
phuretted hydrogen,  organic  sulphur  compounds,  naphthalene  and 
cyanogen — which  must  be  removed  in  whole  or  in  part  before  the  gaa 
is  coQBidered  ready  for  distribution,  and,-  furthermore,  the  gas  must  be 
brought  down  to  the  ordinary  temperature.  The  average  content  of 
the  impurities  in  the  crude  aoal  gas  is  given  below. 


IMPURITIES  IN  CRUDE 

COAL  GAS 

Imputitp. 

Gniu  per  100  CuJt. 

Hydrogen  BUlphide 

.4      -1.6 
.48    -1.26 
■OS    -  .138 
.0085-  .046 

250-1000  Bometimea  3000 

Condensers.'  When  the  gas  leaves  the  hydrauhc  main  it  contains 
in  addition  to  the  impurities  just  mentioned  a  very  complex  mixture 
of  hydrocarbons  of  widely  varying  boiling  points,  in  addition  to  the  water 
vapor  with  which  it  is  practically  saturated.  Some  of  the  hydrocarbons 
are  fixed  gases  at  the  ordinary  temperatures  while  the  others  may  be 
vapors,  liquids  or  solids;  while  practically  all  arc  mutually  soluble  in 
each  other  and  to  some  extent  in  water.  As  much  of  the  illuminating 
value  of  the  gas  is  due  to  the  vapors  of  the  benzol  homologues  it  is  important 
that  these  be  retained  in  the  gas  as  far  as  pos^ble,  while  on  the  other  hand 
the  heavier  hydrocarbons,  especially  napthalene,  must  be  removed  as  far 
as  posable  on  account  of  their  interference  with  succeeding  stages  of  the 
purifying  process  or  with  the  distribution  of  the  gas  itself. 

As  the  gas  must  be  reduced  in  temperature  for  the  succeeding  stages 
in  the  purifying  process  the  reduction  forms  a  convenient  method  of 
removing  the  heavier  hydrocarbons  which  condense,  forming  a  dark  viscous 
liquid  known  as  tar.  Owing  to  the  mutual  solubiUty  of  the  components  of 
the  tar  it  is  of  the  utmost  importance  that  the  conditions  under  which 
the  gas  is  cooled  be  carefully  regulated,  as  depending  upon  this  r^ulaUon, 
the  valuable  illuminating  hydrocarbons  will  remain  permanently  in  the 
gas;  remain  until  the  gas  is  purified  and  then  condense  in  the  street 
muns,  or  drop  out  of  the  gas  in  the  condensers  and  appear  in  the  tar. 
The  comphte  removal  of  the  tar  and  the  temperature  at  which  this 
takes  place  are  therefore  of  importance  as  affecting  the  illuminating  vaJue 
of  the  gas. 

At  the  temperatiue  at  which  the  gas  leaves  the  hydraulic  main,  the 
tar  exists  principally  as  a  fog,  and  also  as  a  vapor  which  will  condense 
with   a  lowering   of  the  temperature.     This  is  effected  in  the  primary 
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condeneere,  one  fonn  of  which  is  iUustrated  in  Fig.  210.    The  cooling 
agent  may  be  either  water  or  «r.    In  a  recent  Byetem  the  cooling  water 


Fia.  211.— Exhauster. 


Fio.  210.— DepUegnut- 
ing  Condeoaer. 

is  Bprayed  through  the  gaa 
assisting  in  the  removal  of 
the  tar,  and  the  water  is  then 
freed  from  tar,  cooled  and  re- 
circulated. 

Tar  Exttactax.  On  leaving 
the  primary  condensers,  in 
which  some  of  the  tar  is  de- 
posited, the  gas  is  passed  into 
some  form  of  tar  extractor, 
the  usual  form  being  that  of 
the  P.  &  A.,  wYiich  consists,  as 
shown  in  Fig.  212,  of  a  drum 
composed  of  a  series  of  per- 
forated sheets  consisting  of 
alternate  series  of  small  holes  Fio.  212.- 

and  blanks  so  arranged  that  the  blank  spaces  in  one  set  of  sheets  opposes 
the  perforated  sections  in  the  adjoining  sheets.    Another  form  of  apparatus 
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ie  known  as  the  wofiher'-ecrubber.  In  this,  the  gas  pasaes  through  a 
ouiaber  of  small  openingB  into  contact  with  ammonia  liquor,  the  action 
<rf  the  water  causing  the  tar  particles  to  coalesce  and  be  condensed. 
It  is  found  that  the  moat  efficient  operation  for  the  removal  of  tar  requires  • 
a  temperature  of  from  1(S°  to  115''  F, 

Bduuster.  The  gas  is  now  passed  through  the  exhauster.  Fig.  211, 
which  operates  to  maintain  a  constant  pressure  in  the  retorts  &ad  to 
furnish  the  pressure  necessary  to  overcome  the  resistance  of  the  train  of 
purifying  apparatus,  and  to  force  the  gas  into  the  storage  holder. 

Scrubber.  From  the  exhauster  the  gas  passes  into  the  one  or  more 
of  a  series  of  scrubbers  for  the  ronoval  of  naphthalene,  cyanogen  and 
ammonia.  Four  general  types  are  in  use,  tower,  static,  rotary  and  centri- 
fugal. 

The  tower  scrubber  was  the  original  form  and  consists  of  one  or 
more  steel  towers  filled  with  various  materiab,  to  break  up  the  upward 
stream  of  gaa  and  to  increase  the  surface  covered  with  the  scrubbing 
liquid  that  is  sprayed  in  at  the  top  and  passes  downward  by  gravity. 
Coke  quartz,  various  forms  of  wooden  trays,  boards  set  on  edge,  eto., 
have  been  used  for  this  purpose.  This  type  of  scrubber  is  the  least 
efficient  considering  its  cubical  capacity  but  is  fairly  efficient  if  built  quite 
high  per  square  foot  of  ground  space  required.  In  the  static  type  the  gas 
is  forced  to  pass  in  contact  and  bubble  through  the  scrubbing  liquid  by 
a  series  of  partitions  arranged  across  the  flow  of  gas  in  a  rectangular 
containing  vessel.  Another  series  of  divisions  permits  the  level  of  the 
scrubbing  liquid  to  be  regulated  in  the  various  compartments  thus  formed 
ao  that  the  most  efficient  depth  of  seal  may  be  maintained. 


Fia.  213.— Rotary  AnunoDia  or  Naphthalene  Scrubber. 

Fig.  213  is  a  sectional  elevation  of  the  rotary  or  mechanical  type  of 
scrubber. 

These  are  composed  of  horizontal  cylinders  divided  by  a  number  of 
vertical  partitions.  A  central  shaft  carries  a  disk  made  up  of  a  large 
number  of  short  wooden  rods  set  parallel  to  the  axis  of  the  shaft,  and  ar- 
ranged so  that  as  they  revolve  they  dip  into  the  contents  of  the  scrubber, 
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and  on  rising  present  a  lar^  wetted  surface  in  contact  with  the  stream  of 
gas. 

The  centrifugal  type  of  scrubber  is  of  more  recent  development.  Fig. 
214  is  a  Feld  type.  In  these  the  scrubbing  liquid  in  descending  from  one 
compartment  to  another  is  thrown  into 
a  sheet  of  spray  by  the  action  of  the 
revolving  cones  attached  to  the  central 
shaft.  The  gas  is  forced  to'  pass 
through  this  spray  a  number  of  times 
in  rising  through  the  apparatus. 

For  the  removal  of  napbth^ene 
the  tower,  static,  or  rotary  scrubbers 
are  used,  and  tar  oil,  gas  oil,  or  water 
.  gas  tar  is  used  as  the  scrubbing  liquid. 
In  the  removal  of  cyanogen  either 
the  rotary  or  centrifugal  scrubber  is 
employed. 

The  solutions  used  vary  according 

to  the  processes  employed,  but  they 

usually  consist  of  an  alkaline  solution 

of  feiTous  sulphate.     The  gas  now 

passes  to  the  ammonia  scrubbers.  Fig. 

213.    In  order  that  the  absorption  (rf 

ammonia  by  water,  which  is  usually 

Fia.  214.— Fdd  Centrifugal  Scrubber,  used  to  remove  it,  will  be  complete,  it 

is  necessary  that  the  temperature  of 

the  gas  be  reduced  to  about  60°  F.    This  reduction  in  temperature  is 

secured  in  the  secondary  condensers;  these  are  always  water  cooled  in  order 

to  secure  the  low  final  temperature  that  is  necessaiy. 

This  absorption  was  formerly  carried  on  in  laige  towers  filled  with  cobble 
stones  or  boards,  or  other  devices  exposing  a  large  surface,  which  was  kept 
moistened  by  water  or  weak  hquor  passing  down  from  the  top.  Thi% 
form  of  scrubber  has  been  generally  replaced  by  the  more  compact  rotary 
or  centrifugal  scrubbers.  In  these  mechanical  scrubbers  the  ammonia 
is  completely  removed  by  the  use  of  from  10  to  15  gallons  of  wat«r  per  ton 
of  coal  carbonized,  and  as  the  gas  is  at  the  same  time  brought  into  contact 


Hydroien  SulDhidc 


Iphids 
Cu-Ft.  ( 


Outlet  of  exhauster 

Outlet  of  condeiiBerB 

Outlet  of  tower  scrubbers. , . 
Outlet  of  rotary  Bcrubbers.  . 
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with  the  concentrated  ammonia  liquor  at  the  inlet  end  of  the  scrubber, 
a  considerable  proportion  of  sulphuretted  hydrogen  and  carbon  dioxide 
is  also  removed. 

Recently  the  use  of  ammoniacal  liquor,  which  has  been  freed  from 
the  greater  part  of  its  sulphuretted  hydrogen  and  carbon  dioxide  by 
beating  in  the  presence  of  ammonia  gas  as  a  scrubbing  liquid  has  resulted 
in  the  removal  of  approximately  half  of  the  hydrogen  sulphide  and  a  con- 
siderable proportion  of  the  carbon  dioxide. 

Ammonia  Liquor.    The  ammonia  liquor  and  tar  that  are  removed  in 
the  different  points  in  the  condensing  and  purifying  system  are  collected 
and  passed  through  what  is  known  as  a  separator.    In  this  apparatus, 
the  stream  of  nuxed  liquor  in  passing  through  the  separator  is  baffled 
and  turned  in  its  course  a  number  of  times,  so  that  the  tar  which  has  a 
specific  gravity  of  1.2,  and  higher,  falls  to  the  bottom  and  may,  be  removed, 
while  the  liquor  rises  to  the 
top  and  may  be  pumped 
olT  to  the  ammonia  storage 
tanks.     See  Fig.  215. 

A  number  of  processes 
have  been  invented  for 
the  extraction  of  the  am- 
monia from  the  heated 
gases  and  the  direct  for- 
mation of  ammonium  sul- 
phate; among  these  are 
the  Otto,  Collin,  Koppers, 
and  Feld.  Fiq.  215.— Tar  Separator. 

In  the  Otto  the  gases 
are  cooled  with  air  to  a  temperature  of  200°  F.  and  then  with  a  tar  spray 
to  about  160"  F.  The  spraying  with  tar  which  takes  place  in  two  stages 
is  utilized  to  remove  the  greater  portion  of  the  tar  vapors,  the  gas  is  then 
scrubbed  with  a  modified  P.  &  A.  extractor  and  is  then  passed  into  the 
lead-lined  saturator,  where  it  comes  in  contact  with  sulphuiic  acid  heated 
to  165"  F.  This  is  necessary  to  prevent  the  deposition  of  the  water 
.vapor  carried  in  the  gas,  after  leaving  the  saturator,  the  gaa  passes  through 
a  baffle  chamber  to  remove  acid  spray. 

In  the  Collin  process  the  gas,  after  passing  through  the  usual  conden- 
sers and  P.  &  A.  extractor,  is  cooled  to  about  75°  F.  and  then  passes 
to  the  upper  of  two  saturators,  where  the  acid  is  kept  in  excess.  The 
overflow  from  the  upper  saturator  passes  to  the  lower  saturator  into  which 
is  passed  the  ammonia  gas  driven  off  from  the  liquor  condenser  in  the 
prehminary  water  cooler.  One  of  the  objects  obtained  in  this  system  is 
the  elimination  of  certain  amount  of  HaS,  HCN,  etc.,  that  are  combined 
with  the  ammonia  liquor,  as  the  exit  gases  from  the  second  saturator 
pass  directly  to  the  air. 
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In  the  Koppera  system  which  is  quite  extenavely  used  in  this  countiy, 
the  gas  is  gradually  cooled  to  about  225°  F.;  with  air  and  water  cooler  con- 
densers it  is  then  passed  through  a  P.  &  A.  tar  extractor  to  remove  the 
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tar  and  is  then  heated  with  eidiaust  steam  to  about  176"  F.  at  which 
temperature  it  passes  to  the  saturators.    The  ammonia  liquor  condensed 
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in  the  cooler  is  driven  off  in  a  small  still  and  added  to  the  gas  just  before 
it  enters  the  aaturators.  An  outline  of  this  system  is  given  in  Fig.  216, 
and  the  view  of  a  large  installation  is  given  in  Fig.  217.  The  saturators 
are  provided  with  siphon  devices  thereby  the  ammonium  sulphate  is 
dnven  out  of  the  bottom  saturator  and  delivered  into  the  centrifugal 
machine  where  it  is  freed  from  moisture. 

In  the  Feld  system  the  gases  after  passing  through  the  condensers  and 
tar  extractor  are  washed  with  a  solution  of  ammonium  polythionate  which 
absorbs  the  ammonia  from  the  gases,  forming  ammonium  thioeulphat« 
and  predpitatii^  free  sulphur.  This  solution  is  treated  with  sulphur 
dioxide,  which  r^enerat«s  the  polytWonate,  and  precipitated  sulphur  is 
removed.  In  order  to  recover  the  ammonium  sulphate,  the  pol>'thioiiate 
solution  is  heated  with  exhaust  steam  to  150-160°  F.,  at  which  tempera- 
ture it  is  decomposed  to  ammonium  sulphate,  free  sulphur  and  SO2. 
The  SO3  is  used  in  the  earUer  stage  in  the  process.  The  sulphur  is  filtered 
off,  the  ammonium  sulphate  solution  evaporated  to  crystallization.  The 
Feld  systoQ  has  not  been  adopted  to  any  conaderable  extent  as  yet. 

lliLe  remaining  impurities  in  the  gas  are  sulphuretted  hydrogen  and 
organic  sulphur  compounds. 

Purifiers.  The  sulphuretted  hydr<«en  is  generally  removed  by  passing 
it  through  large  vessels,  called  purifiers.  Figs.  218  and  219,  where  it  is 


Fra.  218.— Water-sealed  Purifier,  Bballow  IVpe- 
brought  into  contact  with  some  form  of  ferric  oxide.     There  is  considerable 
discussion  as  to  the  exact  reactions  which  take  place.     The  probable 
reactions  are 

FeaOa +3H2S = Fe2S3 +3H20 
and  Fea03+3H8S=2FeS+S+3HaO. 
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It  9eem<t  likely  that  these  two  reactions  take  place  simultaneously,  and 
the  proportions  of  ferric  and  ferrous  sulphide  formed  are  dependent 
upon  (he  nature  of  the  oxide  and  the  other  conditions.  It  is  said  to  be 
in  the  relation  of  three  parte  ferric  to  five  parts  ferrous  sulphide.  When 
the  oxide  has  become  saturated  it  is  removed  from  the  purifiers  and  exposed 


Fio.  219.— Dry-eeal  Purifier.    Deep  Cheeee-box  Type. 

to  tjie  tur,  where,  under  the  influence  of  the  atmospheric  oxygen,  ferric 
oxide  is  formed  and  free  sulphur  set  free. 

In  "order  to  take  advantage  of  this  reaction,  small  quantities  of  air 
are  sometimes  admitted  to  the  crude  gas  before  entering  the  purifiers, 
the  oxygen  in  which  reacts  with  the  partially  fouled  purifying  material, 
and  thus  considerably  increases  the  length  of  time  before  it  is  necessary 
to  remove  it. 

In  some  plants  the  oxide  is  revivified  while  in  place  by  circulating 
throi^  the  box,  air  or  gas  mixture  containing  at  firat  a  very  small  pei^ 
centage  of  free  oxygen,  the  heat  given  off  in  the  revivification  is  removed 
by  cooling  usually  with  a  water  spray  so  that  the  purifier  is  thoroughly 
saturated  with  water  vapor  as  the  revivification  proceeds  the  amount  of 
oxygen  is  allowed  to  increase.  In  this  manner  under  very  careful  operat- 
ing control  it  is  possible  to  increase  the  sulphur  in  the  oxide  up  to  40 
per  cent  without  removing  it  from  the  purifying  vessel.  With  certain 
classes  of  oxide  it  is  exceedingly  diflScult  to  carry  this  out  without  danger 
of  local  superheating  taking  place  resulting  rise  in  temperature  of  the 
oxide  to  such  a  point  that  the  oxide  is  destroyed  or  when  the  box  is  again 
put  in  service  carbon  bisulphide  compounds  present  in  the  gas  are  changed 
into  sulphuretted  hydrogen. 

The  purifying  material  is  composed  of  either  a  natural  ferric  oxide 
or,  as  is  generally  the  case,  made  by  coating  shavings,  planer  chips  or  com 
cobs  with  some  form  of  ferric  oxide. 

The  efficiency  of  the  purifying  material  thus  made  seems  to  depend 
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upon  the  nature  of  the  ferric  oxide;  the  more  active  oxides  are  apparently 
colloidal  in  nature.  Where  the  oxide  is  made  by  rusting  iron  borings  on 
the  chips  the  organic  acids  in  the  wood  act  as  protective  colloids  and  result 
in  the  formation  of  varying  percentages  of  the  iron  in  the  colloidal  form. 

Certain  natural  oxides  and  some  of  the  artiScial  oxides  that  result 
as  by-products  in  the  manufacture  of  alums  are  found  to  have  a  cor- 
dderable  proportion  of  their  iron  content  in  the  form  of  a  hydrogel  of 
ferric  hydroxide.  Apparently  it  is  the  enormous  surface  that  is  presented 
by  these  coUodial  oxides  that  expl^ns  the  increased  chemical  effidency 
of  oxides  in  this  state. 

la  the  older  type  of  purifiers  the  oxide  was  conttuned  in  shallow  castr- 
iron  boxes  provided  with  water  sealed  lids,  the  oxide  beii^  carried  on 
wooden  trays  in  two  layers  of  about  30  ins.  each.  These  boxes  were 
arranged  usually  in  sets  of  four  or  ^,  and  so  connected  with  valves 
that  the  sequence  of  boxes  could  be  varied  at  will,  and  any  box  could 
be  removed  from  service  for  cleaning. 

It  has  now  been  found  more  economical  to  put  the  oxide  into  only 
two  or  three  large  boxes,  building  these  either  of  eteel  or  concrete  out 
of  doors,  and  thus  saving  expensive  buildings. 

Widely  divei^ent  views  are  held  as  to  whether  it  is  the  time  of 
contact,  the  velocity  of  Bow,  or  the  total  volume  of  the  oxide  in  use 
that  is  the  determining  factor  in  calculating  the  apparatus  necessary 
for  the  purification  of  the  gas.  It  is  usually  estimated,  however,  that 
with  the  use  of  a  slow  velocity  a  certfun  total  volume  of  purifying 
material  b  required. 

The  economical  volume  of  oxide  and  its  uses  are  functions  of  the 
capital  charges  for  installation  and  the  cost  of  changing  and  revivifying 
the  fouled  oxide. 

In  the  older  type  of  purifiers,  using  a  number  of  boxes  of  relatively 
large  area,  with  layers  of  oxide  from  3  to  5  ft.  in  depth,  it  was  usually 
assumed  that  1  sq.ft.  of  area  in  a  box  would  purify  about  1500  cu.ft. 
of  coal  gas  per  24  hours.  At  present,  the  tendency  is  to  concentrate 
the  oxide  in  two  or  three  large  circular  boxes  where  the  oxide  is  10-15 
ft.  deep.  Here  the  usual  allowance  is  about  300  cu.ft.  of  gas  per  cu.ft. 
of  oxide  per  24  hours. 

In  testing  the  operation  of  the  purifiers,  we  find  that  the  first  box 
removes  the  greater  portion  of  the  hydrt^en  sulphide,  and  that  as  the 
percentage  of  sulphur  decreases  it  becomes  increasii^ly  difficult  to  remove 
it.  The  purifiers  are  usually  arranged,  therefore,  so  that  at  least  one 
box  is  kept  filled  with  fresh  and  active  oxide  to  retain  slight  traces  of 
sulphuretted  hydrogen  which  might  pass  through  the  other  boxes  which 
remove  the  bulk  of  the  impurity 

With  the  repeated  revivifications  of  the  oxide,  free  sulphur  accumulates 
to  such  a  point  (40  to  50  per  cent)  that  it  mechanically  coats  the  iron, 
so  that  the  efficiency  of  the  oxide  is  greatly  reduced. 
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The  older  and  more  ineffident  fonDs  of  oxide  require  from  ten  to  twenty 
revivifications  before  they  are  satm^ted  while  the  later  collodial  oxides 
require  from  three  to  five. 

When  the  cyanogen  is  not  removed  it  codibines  with  some  of  the 
iron,  forming  Pruaaan  blue;  this  takes  place  at  the  surface,  and  further 
reduces  the  efficiency  of  the  oxide.  Some  analyses  of  spent  oxide  are 
^ven  showing  the  approximate  content  of  Prussian  Uue,  sulphur,  etc., 
that  may  be  expected. 

ANALYSES  OP  SPENT  PCmiFYING  MATERIAL 
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Wh^  the  gas  was  formerly  purified  with  slaked  lime,  partially 
Bulphtded  lime  reacted  with  the  organic  sulphur  compounds,  and  thua 
removed  a  considerable  portion  of  them.  With  the  present  almost  uni- 
versal use  of  iron  oxide,  however,  a  much  smaller  proportion  of  the  orgamc 
sulphur  is  taken  out.  The  small  percentage  that  is  removed  is  undoubtedly 
due  to  its  solvent  action  on  the  free  sulphur  present  in  the  purifying 
materials.  A  number  of  processes  have  been  proposed  for  the  removal 
of  oi^anic  sulphur,  but  in  general  they  have  not  proven  very  successful. 

One  of  the  most  successful  processes  for  the  removal  of  carbon  bisul- 
phide ifi  ttiat  worked  out  by  Carpenter  and  Evans  in  the  South-Metro- 
poUtan  Gas  Co.,  of  Cleveland.  In  this  process  the  gas  is  heated  to 
temperature  750°  F.  and  is  then  passed  through  externally  heated  tubes 
containing  fireclay  shapes  saturated  with  a  nickel  salt.  The  carbon  bi- 
sulphide combines  with  the  hydrogen  present  in  gas  forming  two  molecules 
of  hydri^n  sulphide  and  settling  free  carbon. 

On  the  Pacific  coast  the  Hall  and  Papst  process  is  used  to  some  ext«nt. 
This  consists  in  heating  the  gas  internally.  Heater  vessel  filled  with 
checker  brick  to  a  temperature  of  1300°  and  1600°  F.  This  ia  claimed 
to  cause  a  small  loss  in  candle-power  and  results  in  reduction  of  about  70 
per  cent  of  carbon  disulphide  to  H2S. 

Another  process  recently  patented  is  based  on  the  reaction  of  carbon 
iHSulphide  with  water  vapor  at  approximstely  450°  F.  in  the  presence  of 
colloidal  ferric  hydroxide.  In  this  process  the  carbon  bisulphide  forms 
hydn^en  sulphide  and  carbon  dioxide.    Experiments  have  indicated  it 
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is  poBsible  to  reduce  the  fixed  sulphur  compounds  to  a  minimum  of  8  or 
9  grains  per  100  cu.ft.  This  minimum  seems  to  be  independent  of  the 
or^nal  fixed  sulphur  compounds  present  and  appears  to  indicate  that  in 
addition  to  the  carbon  'bisulphide  appreciable  amounts  of  the  other 
organic  sulphur  compounds  are  present  such  as  mercaptans,  thiophenes, 
etc.  From  3  to  4  grains  per  100  cu.  ft.  of  a  sulphur  compound  resembhng 
the  mercaptans  have  been  isolated  by  experiments.  The  use  of  aniline 
in  combination  of  metallic  oxide  that  has  been  proposed  for  removing 
carbon  bisulphide  would  probably  give  trouble,  as  it  has  been  found  that 
volatile  compounds  are  formed  by  the  gas  in  the  presence  of  aniline  and  oxide 
that  are  deposited  in  burners,  pilot  tubes,  etc. 

Benzol  Enrichment.  In  the  ordinary  process  for  the  manufacture 
of  coal  gas  the  photogenic  value  of  the  gas  is  sometimes  lower  than  that 
desired,  and  in  the  absence  of  a  carburetted  water  gas  plant,  which  is 
the  most  economical  and  efficient  method  of  eniiching  and  controlling 
the  candle  power  of  the  gas,  the  most  available  method  for  enriching 
is  the  addition  of  benzol  vapor. 

Theoretically,  coal  gas  should  be  able  to  carry  over  3  per  cent  of  benzol 
vapors  at  32"  F.;  this  would  result  in  a  gas  of  about  30  c.  p.  Practically, 
however,  this  result  is  not  attained.  This  is  due  to  the  varying  compo- 
sition and  resulting  vapor  tensions  of  the  benzol  vapor  added  and  of  the 
hydrocarbon  vapora  ah-eady  present  in  the  gas.  The  enriching  power 
of  benzol  may  vary  from  13,000  to  38,000  candle  feet  per  gallon;  the 
u^al  commercial  figures  are  from  20,000  to  24,000.  In  general,  the 
efficiency  of  the  enrichment  decreases  as  the  volume  of  vapor  increases 
and  with  the  higher  initial  candle  powers. 

The  most  successful  results  are  now  attained  by  scrubbing  the  gas 
with  a  heavy  oil,  thus  removing  all  condensible  constituents,  and  then 
re-enriching  with  a  high  grade  of  benzol. 

Water  Gas.  The  manufacture  of  water  gas  depends  upon  the  decom- 
poffltion  of  steam  by  the  action  of  inctmdescent  carbon.  Xhe  gas  mhdv 
by  this  reaction  ia  called  "  blue  gas,"  and  while  it  has  a  heating  value 
of  about  300  B.T.U.  per  cubic  foot  it  is  non-luminous.  In  order  to  render 
the  flame  luminous  it  is  necessary  to  add  some  hydrocarbon  that  will 
liberate  free  carbon  in  the  fiame.  Many  early  patents  were  taken  out 
to  do  this,  but  the  process  did  not  become  important  until  the  PsUneyl- 
vania  petroleums  became  commercially  available.  * 

The  modem  apparatus  is  the  development  of  the  Lowe  apparatus 
that  was  patented  in  1872-1875.  In  it;  present  form  it  is  a  very  efficient 
process,  as  every  feature  has  been  considered  both  from  a  theoretical 
and  operative  standpoint.  The  supply  of  air  and  steam  Is  metered. 
The  temperatures  in  the  fixing  chambeis  are  controlled  with  electric 
pyrometers  and  the  sensible  heat  in  the  off-^ing  bhtst  and  illuminating 
gases  is  recovered  in  greater  part  in  economizer  boilers  that  return 
sufficient  steam  to  operate  the  plant. 
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The  apparatus  shown  in  Fig.  220  has  a  capacity  of  1,500,000  cu.ft. 
per  day,  but  units  having  a  capacity  of  3,000,000  cu.ft,  per  day  are  in 
regular  operation. 

Operation.  The  operation  of  a  modem  plant.  Fig.  220,  is  as  follows: 
The  generator  is  chained  with  the  fuel  through  the  coaling  door  A.  ■  After 
ignition,  it  is  raised  to  a  point  of  incandescence  by  a  blast  of  air  supphed 
imder  a  pressure  of  from  16  to  20  ins.  through  the  blast  pipe  B,  passing 
through  the  interlocking  valve  C,  which  is  so  connected  that  it  will  be 
impossible  for  the  blast  and  the  gas  to  come  together  and  thus  cause 
explosions.  The  air  pasees  down  through  the  Venturi  meter  D  and  is 
controlled  by  the  valve  E,  where  it  enters  the  generator  beneath  the 


Fio.  220.— Modem  Lowe  Apparatua. 

grtfte,  passii^  through  the  fuel  bed,  where  the  reaction  C+02=C02 
and  COa + C  =  2C0.  The  temperature  of  the  fuel  rises  rapidly  and  a  certwn 
amount  of  producer  gas  is  formed.  This  passes  through  the  pair  of  valves 
FG,  F  being  open  during  the  blast,  through  the  connection  H,  into  the 
carburetter.  TKe  carburetter,  which  is  a  fire-brick  lined  vessel  filled 
with  checker-brick,  is  brought  to  the  required  temperature  by  the  sensible 
heat  in  the  blast  products,  imd  by  the  combustion  of  their  CO  by  means 
of  a  secondary  supply  of  air  entering  through  the  valve  /.  From  the 
carburetter  the  products  pass  downwsrd  and  up  through  the  superheater, 
out  thraugh,the  valve  K  to  the  stack.  When  it  is  desired,  the  tertiary 
supply  of  air  can  be  admitted  through  the  valve  J  at  the  base  of  the 
superheater,  causing  further  combustion,  if  desired,  and  local  heating 
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in  thfe  part  of  the  apparatus.     Fig.  221  shows  the  economize  boilers  for 
recovering  waste  heat  from  the  gas  and  products. 

When  the  carburetting  and  superheating  vessels  have  bepn  brought 
to  the  proper  temperature,  the  fuel  in  the  generator  is  very  highly  heated. 


Fia.  219.— Waste  Heat  BoUm-. 

The  ur  blasts  are  cut  off  in  the  order  J,  I,  and  E.  The  stack-valve  K 
is  closed  by  means  of  lever  L,  uid  steam  is  introduced  by  means  of  the 
valve  M  and  the  steam  meter  0  beneath  the  grate.  The  steam  passes 
up  through  the  bed  of  incandescent  fuel,  where  the  reactions  C+H20  = 
Ha+CO,  and  the  further  general  water  gas  reactions  C0+H20=C02+H3 
take  place.  The  water  gas  passes  into  the  carburetter,  where  it  meete 
the  carburetting  oil,  which  is  measured  by  the  meter  Q  and  is  sprayed 
into  the  carburetter  through  R.  The  sensible  heat  of  the  water  gas 
and  the  high  temperature  in  the  surface  of  the  checker-bricks  vaporiee 
the  oil.  The  mixture  of  water  gas  and  oil  vapors  then  passes  down 
through  the  carburetter,  where  the  vaporization  is  completed,  a  consider- 
able portion  of  the  vapors  decomposed  and  to  some  extent  polymerized 
into  fixed  gases.  Passing  from  the  base  of  the  carburetter  up  through 
the  superheater,  the  temperature  of  the  checker  brick  of  which  is  very 
carefully  regulated,  the  decomposition  of  the  oil  vapors  is  carried  to 
the  most  advantageous  point,  and  the  resulting  mixture  is  composed  of 
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fixed  gases,  some  condensible  vapors  and  a  small  quantity  of  complex 
bydrocarboDS,  known  as  water-^as  tar. 

FORMATION  OF  CARBURETTED  WATER  GAS 


o^i.t,. 

Bue  of 

Middle  of 

S^^^^Ur. 

.00 
39.76 
60.00 
2.20 
.00 
4.60 
.36 
3.10 

10.75 
33.05 
43.05 
1. 10 
S.60 
4.00 
.30 
2.16 

14.75 
30.70 
34.60 
12.30 
1.46 
3.70 
.30 
2.20 

14  76 

H,       

31.35 

CH, 

16.75 

COi           .... 

3.70 

N,  

2.20 

These  pass  out  through  the  eonnectioQ  to  the  vaive  K,  through  the 
dip-pipe  S  into  the  wash-box,  which  acts  as  a  hydraulic  seal  and  prevents 
both  the  escape  ot  the  products  oS  combustioD  during  the  blasting 
period  and  the  return  of  the  illuminating  gases.  In  contact  with  the 
water  in  the  wash-box,  the  temperature  of  the  gas  is  reduced  from  1200 
or  1300°  F.  to  about  190°  by  the  vaporization  of  the  water,  and  some  of 
the  tar  is  deposited.  The  gases  pass  out  of  the  wash-box  through 
the  connection  to  the  base  of  the  scrubber,  and  rise  through  the 
staggered  nest  of  wooden  trays,  where  the  entrained  solid  matter,  con- 
siderable water,  and  some  tar  are  deposited  by  impingement  and  the 
temperature  is  somewhat  reduced.  From  the  top  of  the  scrubber  it 
passes  into  the  top  of  the  condenser  tlirough  the  water-cooled  tubes. 
§y  means  of  the  cooUng  water  the  temperature  is  reduced  to  150°  F., 
and  it  passes  out  of  the  connection  Z  to  the  relief  holder. 

In  the  more  modern  plants  the  greater  portion  sensible  heat  of  both 
the  blast  products  and  the  illuminating  gas  is  recovered  and  made  avail- 
able as  steam  by  the  employment  of  waste  heat  boilere.  Fig.  216  shows 
auch  an  installation.  The  apparatus  consists  of  two  fire-tube  boilers  and 
a  steam  drum.  The  lower  boiler  is  used  for  the  illuminating  gas  and  the 
upper  boiler  is  used  for  the  blast  gases.  In  operation  the  usual  stack 
valve  is  closed  and  the  gases  enter  the  rear  of  the  boilers  and  pass  toward 
the  front.  In  the  case  of  the  illuminating  gases  thence  down  through 
an  auxiliaiy  wash-box  to  the  left  of  the  r^ular  wash-box  and  hence  to  the 
scrubbers  and  condensers. 

The  blast  gases  pass  upward  after  passing  through  the  upper  boilers 
and  then  to  an  auxiliary  stack  and  stack  valve  to  the  dr. 

By  the  use  of  these  boilers  the  temperaturo  of  the  exit  gaaes  is  reduced 
to  400°  F.,  thus  affecting  a  considerable  saving  in  condensing  water  and 
steam  equivalent  to  6&-85  lbs.  is  generated. 

In  summer  this  is  practically  sufficient  to  operate  the  plant  while 
the  generating  apparatus  is  in  operation. 
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Fuel  Used.  The  fuels  used  m  the  manufacture  of  water  gas  are 
anthracite  and  semi-anthracite  coals  and  the  various  grades  of  coke. 
As  they  are  used  primarily  as  a  source  of  carbon  they  should  be  high 
in  fixed  carbon,  contfuning  not  over  7  per  cent  of  volatile  combustible 
as  some  of  this  is  liable  to  loss  during  the-  blasting  period.  The  ash 
should  be  low  and  of  high  f usii^  point  so  that  the  formation  of  clinkers 
may  be  reduced  to  a  minimum,  although  fuels  containing  as  h^h  as 
25  per  cent  of  very  fusible  ash  can  be  utilised  successfully.  The  fuel 
should  be  uniform  in  sise  to  permit  the  free  flow  of  the  blast  and  steam 
and  it  should  be  low  in  moisture  and  sulphur.  A  table  of  typical  analyses 
of  the  different  classes  of  fuel  used  in  the  manufacture  of  water  gas  is 
given  with  the  analyses  and  fusing  points  of  the  ash  of  some  American  coals 


COMPOSITION  OF  ASH  AND  FUSING  POINT 


AthlaCotl. 

SiO. 

AUO, 

CaO 

MgO 

Fe,0, 

SO, 

Alkalies  and  undet. 

Color  of  ash 

Fuung  point,  °F.  . 


42,17 
35.58 
4.76 


46,5.5 
35  68 
5.00 


39,00 
26.21 
3.97 


49,99 
31  97 
2,13 


21.95 

2,76 

4,44 

Lt-Rray 

2640'" 


49,03 
41, 9S 
1.79 


1,86 

.32 

Lt.gray 


COMMERCIAL  GENERATOR  FUELS 


Moirturf. 

Cnmh' 

Turd 

CarbcMl. 

«.. 

Sulphur. 

Fu«iiw  PoinT 

Anthracitet: 
Buck  mountain   ,  ,  - 
Lackawanna 

3,87 
3.92 
3,44 
3,91 
2.30 

4.08 
3,48 
3,11 
6,16 
6,00 

77.82 
82.11 
84.11 
73.07 
84.14 

14.53 
10.49 

9.34 
17,86 

8.56 

.40 
.63 
.50 
.90 
.66 

2750 
2714 
2610 

Suaquehanna 

3115 

Cokes: 

Weat  Virginia 

West  Vii^ia 

,69 
,80 
,70 
,60 
,02 

,83 
,88 
.86 
.69 
.66 

91.11 
85.53 
90.81 

87.01 
94,58 

7.31 
12.79 

7.63 
11.70 

4.84 

.49 
.66 
.46 
.77 
1.04 

2282 
2610 

Enriching  Oils.  The  oils  available  for  enriching  purposes  vary  in 
their  composition  in  the  different  fields.  The  oils  from  Pennsylvania, 
Ohio,  Indiana,  and  Illinois  are  composed  principally  of  the  parsfRne 
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and  olefine  aeries;  the  oils  from  Kansas  and  Indian  Territory  differ 
somewhat  according  to  their  gravity,  the  lighter  oik  containing  con- 
siderable paraffine  while  the  heavier  oils  contain  some  paraffines  but 
principally  naphthenes.  The  Texas  oils  contain  almost  no  paraffine, 
but  contain  a  considerable  proportion  of  complex  hydrogenated  ring 
compounds;  they  are  made  up  of  members  of  the  CiiH2a-2  and  Ci>H2ii-4 
series.  The  California  oils  are  made  up  almost  entirely  of  complex  ring 
compoimds.  The  Louisiana  oils  vary  with  their  gravity,  some  resem- 
bling Texas  and  others  the  California  oils. 

The  crude  Mexican  oils  generally  contain  too  large  a  proportion  <A 
asphalt  to  permit  their  use  as  enriching  agents.  Some  of  the  distillates 
apparently  contain  a  very  high  percentage  of  parafiine  hydrocarbons  while 
others  contain  a  very  low  percentage  and  contain  such  a  h^h  percentage  of 
aromatic  and  olefine  hydrocarbons  that  they  are  of  rather  low  value  for 
enriching  purposes. 

With  the  introduction  of  "  crackii^ "  processes  for  increaang  the 
yield  of  gasoline  in  the  refining  of  petroleum  the  character  of  the  gas  oils 
available  for  enrichment  has  changed  considerably.  The  paraSGn  con- 
tent is  considerably  reduced  and  the  proportion  of  aromatic  and  ole&ne 
content  is  greatly  increased  so  that  the  enriching  value  is  greatly 
decreased. 

The  following  table  gives  some  of  the  physical  characteristics  of 
a  number  of  enriching  oils  that  are  at  present  in  use  in  the  United  States. 


CHARACTERISTICS  OF  GAS  OILS 


n„d. 

p..  uxt  W.Va. 

K>n«>^. 

OklKboma. 

M*iic«D. 

iBdUn  Tw. 

Specific    gravity 

Refractive  index 

Coke,  %by.wt 

Maxim uio  fraction  . . 

.8470 

1.4673 

.31 

600-650'  F. 

58.6 

.5454 
14.10% 
5.3 

.8540 

1-4782 

,27 

600-650°  F 

25.1 

.5553 
13.39% 
10.1 

.8667 

1.1830 

.35 

550-600" F, 

38.2 

.5577 
12.86% 
13.0 

8550 

1.4792 

.19 

550-600°  F. 

14.8 

.5533 
12.58% 
IS. 5 

.8811 
1.4892 
.66 
560-600- P. 
30.0 
.6569 

Bromine  number  . . . 

25.3 

As  enricliing  agents  it  seems  that  the  paraffines  are  the  most  valuable, 
the  presence  of  double  carbon  linkages  and  rings  reducing  the  efficiency. 
Where  ring  compounds  are  present,  however,  the  more  fully  hydn^nated 
are  the  more  valuable. 

The  yield  of  tar  on  gasification  is  an  indication  of  the  presence  or 
absence  of  complex  hydrocariwns  in  the  oil.  In  the  oils  from  Pennsyl- 
vania it  win  run  from  8  to  10  per  cent  of  the  oil,  while  the  Texas  and 
California  oils  will  yield  from  15  to  18  per  cent,  denoting  the  presence  of 
complex  ring  and  asphaltic  compounds. 
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Comparative  Yield  of  Water  Gas  Tab  frou  Different  Oils 

Naphthafl,  paraffine  base,    2-4    per  cent  by  volume  of  oil. 
Gas  oils,      parafline  base,    6-10        "  "  " 

Crude  oils,  paraffine  base,    8-12       ■ '  "  " 

Gas  oib,      asphaltic  base,  10-15        "  "  " 

Crude  oils,  asphaltic  base,  12-18        "  "  " 

The  change  in  the  character  of  the  gas  oil  has  been  reflected  in  the 
character  of  the  tars  produced. 

The  accompanying  table  gives  acorn  parison  of  the  tar  made  from  several 
typical  present  day  gas  oils. 


TABLE  OF  WATE1W3AS  TAR  DISTILLATION 

Oil. 

0.^.u.l...T.,,r^... 

Tkia.. 

wXr 



3-0% 

.6% 

Naphthalene 

Trace 

Trace 

Coke. 

25,41% 

26.02% 

Fn<»ioo. 

Pet  CmiI 

By  Weight. 

o'^t. 

R.'f,  Ind«, 

Prr  Cent 
By  W-ight. 

i^t 

Ret.  Index. 

Up  to  300 

3-06 

.8973 

i.5330 

1,20 

300-350 

3.90 

.9140 

1.5472 

1-63 

.9172 

1.6318 

350^00 

4.92 

.9473 

1.5582 

3.91 

.9488 

1.6577 

400^60 

a.  15 

.9705 

1,5758 

11.12 

.9720 

1-6696 

450-500 

14.45 

.9882 

1.5870 

12  65 

1.0047 

1-6946 

600-560 

11.55 

1.0202 

1.6065 

7.50 

1.0249 

1  6093 

660-flOO 

3.15 

1.0403 

1 .6162 

12,23 

1,0439 

1-6214 

800-650 

6,68 

1-0568 

1.6381 

11.93 

1,0877 

1.6624 

650-700 

S.22 

1.0823 

1.6558 

5.67 

1.1278 

1.6g6» 

700-+ 

9.32 

1.1212 

6.03 

1 . 1755 . 

Coke 

25.41 

26.02 

Total,.,. 

98,81 

99.89 

The  reactionE  involved  in  the  formation  of  oil  gas  have  received  very 
extensive  study  during  the  past  few  years  with  particular  reference  to  the . 
possibility  of  increasing  the  production  of  low-boiling  hydrocarbons,  such 
as  benzene,  toluene  and  gasolene.  There  has  been  a  tendency  to  emphasize 
the  formation  of  naphthenes  as  secondary  products.  As  a  result  of  this 
study  we  have  acquired  a  considei-able  amount  of  data  r^arding  the  general 
course  of  the  reactions  and  the  most  favorable  temperatures  for  emphasizing 
the  production  of  certain  constituents. 

In  general,  however,  the  reaction  involved  following  much  theeamelines 
as  those  occurring  during  the  latter  stage  of  the  carbonization  of  coal. 
The  principal  difference  being  that  in  the  manufacturing  of  carburott«d 
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water  gas  the  temperatures  involved  and  the  time  of  contact  iB  under 
much  more  exact  control,  in  this  connection,  it  may  be  noted  there 
ia  a  considerable  larger  proportion  of  toluene  to  benzene  and  a 
smaUer  proportion  of  naphthalene  formed  than  in  the  manufacture  of 
coal  gas. 

The  use  of  a  small  laboratory  apparatus  for  the  study  of  the  behavior 
of  gas  oil  has  been  of  great  service  in  predicting  the  probable  usefulness  of 
the  oil  for  carburetting  purposes,  while  considerable  advance  has  been  made 
in  chemical  methods  looking  to  the  determination  of  analytical  constants 
that  will  permit  predicting  useful  qualities. 

The  products  formed  with  increasii^  temperatures  seem  to  follow 
in  general  the  reactions  that  were  discussed  under  the  distillation  of 
coal;  the  illuminants  decrease  and  the  hydrogen  increases  while  the 
paraffines  remain  about  stationary. 

EFFECT  OF  TEMPERATURE  ON  DECOMPOSITION  OF  OIL 


"^""V""- 

^^u-^^- 

PJ^. 

p2^:„. 

^'^%t. 

Pu«fia«. 

l^^-^l 

711 

56.4 

28.0 

1.83 

38.0 

48.0 

741 

61.5 

29.4 

2.43 

33.8 

48.3 

14.1 

761 

63.7 

26.2 

3,63 

31.3 

50.3 

789 

08.0 

24.2 

3.45 

25.0 

49.2 

19,1 

832 

80.3 

11.0 

12.43 

13.1 

47.0 

33.6 

The  influence  of  the  high  partial  pressure  of  the  hydrogen  b  especially 
marked  in  the  formation  of  carburetted  water  gas,  as  the  blue  gas  contains 
nearly  50  per  cent  of  hydrt^en.  The  hydrt^en  inhibits  the-  decom" 
position  of  the  primary  products  and  the  splitting  off  of  more  hydrogen, 
which  unites  with  the  complex  residues  resulting  in  a  higher  percentage 
of  olifines,  somewhat  less  gas  and  more  tar.  The  following  table  shows 
the  composition  of  oil  gas  at  a  given  temperature,  and  the  calculated 
and  observed  mixtures  of  oil  and  blue  gas: 


Biu«a» 

OUOm, 

C»to,  Curb,  W,  0. 

Ob^  C»rt..  w,  a. 

.0 
39,8 
60,0 
2,2 
.0 
4.6 
,4 
3.1 

36.6 
1.1 
13,3 
40,4 
6.9 
.6 

9,5 
29.7 
40,5 
12,1 

1.8 

3.6 
.3 

2,6 

14,8 

i,3 

2  2 
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This  shows  the  increased  illiiminantB  and  decreased  hydrogea  and  increased 
tar.  It  should  be  noted  also  that  in  practical  operation  we  obtwn  about 
6000  candle  feet  per  gallon 
of  oil  in  carburetting  water 
gas  while  we  should  only  ob- 
tain about  3000  candle  feet  if 
the  oil  gas  were  used  alone. 

.  In  deteimining  the  practi- 
cal enriching  value  of  an  oil 
it  is  run  in  a  machine  for 
some  time  with  different  tem- 
peratures in  the  fixing  cham- 
bers and  the  candle  feet  per 
gallon  calculated  and  plotted 
against  the  temperature.  The 
maximum  value  and  its  corre- 
sponding temperature  is  then 
easily  determined.  A  typical 
curve  of  this  kind  is  repro- 
duced below,  Kg.  222. 

In  considering  the  theory  of  the  formation  of  the  blue  gas  or  water 
gas  proper  we  have  the  two  generid  steps — storii^  heat  in  the  fuel  bed 
by  the  combustion  of  a  portion  of  the  fuel  with  a  blast  of  air,  and 
utilizing  this  heat  in  decomposing  steam  with  the  formation  of  the  water 
gas  which  is  an  endothermic  reaction. 

During  tiie  blasting  period  the  primary  reaction  is  probably: 
C+Oa-COa    or    2C+02  =  2CO. 

These  equations  are  connected  by  relation  C0a+C  =  2C0,  which  is 
the  equation  for  the  equilibrium.  Clement  and  Hasktns  have  given  the 
following  expieesioa  for  the  value  of  K  at  any  temperature,  viz. : 
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C(cO) 
-1-1.035  lnT-.001564T -1-8.604, 


and  they  found  that  with  coke  the  following  percentages  were  in  equi- 
librium at  different  temperatures: 


Csrbon  Dioiidt. 

•c 

% 

% 

900 

83.2 

16.8 

1000 

94.5 

5.5 

1100 

98.1 

1.9 

1200 

99.4 

.6 

1300 

99.7 

.3 
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It  must  be  remembered,  however,  that  ia  conunercial  producer  gas 
the  presence  of  the  nitrogen  lowers  the  partiid  pressure  of  the  carbon 
monoxide,  and  thus  slightly  increases  the  ratio  CO-i-COa  over  that 
given  in  the  table.  It  is  found  that  the  time,  of  contact  is  very  important, 
and  that  with  the  increasing  temperatures  the  increase  in  the  coefficient 
of  the  reaction  velocity  is  about  ten  times  the  increase  in  the  diffuaon 
constante,  so  that  velocity  of  the  chemical  combination  is  the  deter- 
mining factor  in  this  reaction. 

It  is  found  that  the  different  forms  of  carbon  do  not  react  alike, 
charcoal  reacting  most  rapidly,  coke  next,  and  anthracite  most  slowly. 
In  the  second  stage  of  the  process,  that  of  the  decomposition  of  steam, 


VcuoeiTT    or  Q-*«     o.-io«i»   m^    Lmr^^Tti   of    Con*  Cokwiisi 

Fio.  223. 

we  have  two  reactions:  C+H20=CO+H3,  and  C-|-2H20=C02+2Hs. 
These  products  are  then  related  according  to  the  two  reactions 
C02-|-H3  =  CO+H20,  and  by  the  reaction  previously  discussed,  CO2+C 
=2C0.  The  calculation  of  the  constants  of  the  water  gas  reaction 
is  complicated  by  the  uncertainty  regarding  the  specific  heat  of  the 
reacting  bodies  at  high  temperatures.  Haber  gives  the  following  equation 
for  the  value  of  K  at  equilibrium  at  temperatures  of  from  1250°  to  2700°P. 

2232 
logK  =  — - —  .084631ogT  -  .0002203T +2.5084. 

From  experimental  work  that  has  been  done  on  this  problem,  it  ia 
apparent  that  while  the  wat«r  gas  reaction  ceases  to  readjust  itself  to 
changes  of  temperature  at  about  2550°  F.  in  the  Bunsen  burner,  yet 
in  the  water  gas  generator  it  seems  to  adjust  iteelf  down  to  very  moderate 
temperatures.  This  is  probably  due  to  the  influence  of  the  ash  on  the 
surface  of  the  coal.  It  is  also  assumed  that  in  the  generator  while  the 
gases  may  be  in  equilibrium  with  themselves,  they  are  not  in  equilibrium 
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with  the  carbon  in  the  fuel  bed.  In  fig.  223  are  given  some  experi- 
mental results  obtiuned  by  Clement  and  Haskins,  using  coke  as  fuel, 
with  the  time  of  contact  of  the  steam  equal  to  two  seconds. 

Id  the  practical  operation  of  water  gas  apparatus  the  efficiency  of 
the  production  of  blue  gas  will  be  dependent  upon  the  temperature  of 
the  blast  gas  and  water  gas  issuing  from  the  fire;  the  percentage  of  CO 
or  excess  air  in  this  blast  gas,  and  the  percentage  of  undecomposed  steam 
in  the  blue  gas,  assumii^,  of  course,  that  we  are  operating  the  generator 
so  as  to  produce  a  reasonably  low  percentage  of  COa.  These  conditions 
will  probably  be  influ- 
enced by  the  rate  and 
time  of  passive  of  blast 
through  the  fire.  There 
are  two  divergent  views 
on  this  subject.  Accord- 
ing to  one  writer,  when 
the  rate  of  passage  of 
blast  is  sufficiently  great 
in  proportion  to  the  depth 
of  fuel,  CO  will  not  be 
formed,  but  only  COs. 
Another  writer,  on  the 
other  hand,  finds  very 
little  change  due  to  the 
rate  of  passage  of  the  gas, 
and  believes  that  the  effi- 
ciency of  the  blow  is  dependent  on  the  temperature  of  the  fire,  and  is 
principally  a  function  of  the  length  of  time. 

Apparently,  an  increase  in  the  rate  of  blast,  E^g.  223,  will  give  a  h^er 
average  temperature  of  the  fire,  which  results  in  somewhat  increased  tem- 
perature of  the  issuing  blast  gases,  with  slight  decrease  in  the  perc^itage 
of  CO.  It  is  quite  conceivable,  in  view  of  the  theory  that  the  speed 
of  the  reaction  C02+C=2CO,  will  increase  so  rapidly  with'increase 
in  temperature  that  we  cannot  sufficiently  decrease  the  time  of  contact 
to  prevent  the  formation  of  considerable  quantities  of  CO. 

Increasing  the  rate  of  passage  of  steam  will  apparently  reduce  the 
temperature  of  the  outgoing  water  gas,  which  is  favorable  to  economy, 
but  this  is  more  than  offset  by  the  smaller  percentages  of  steam  decom- 
posed, and  the  consequent  waste  of  both  excess  steam  and  its  sensible 
heat,  and  furthermore,  by  the  greater  percentage  of  COa  in  the  blue 
gas.  Id  general,  all  of  the  writers  assume  the  importance  of  the  slow 
rate  of  passage  of  the  steam. 

The  temperature  and  condition  of  the  generator  fire,  Figs.  224  and  225, 
appear  to  be  the  most  important  conditions.  The  capacity  of  the  fuel  bed 
increases  with  an  increase  in  the  temperature,  resulting  in  a  lai^jer  yield  and 
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&  m6re  perfect  decomposition  of  the  steam,  and  a  more  favorable  composi* 
tion  of  the  blue  gas.  On  the  other  hand  it  increases  the  sensible  heat  of  the 
off-going  blast  products  and  the  blue  gas,  and  results  in  an  increased  per- 
centage of  CO  in  the  blast  products,  both  of  which  are  unfavorable  to 
fuel  economy. 

The  necessity  of  producing  a  certain  amount  of  available  combustible 
in  the  blast  gases  to  maintain  the  fixing  chambers  at  the  proper  tem- 
perature somewhat  complicates  the  operation  when  carburetted  water 


jso 


§  U  s  I  i  I  §  I  i  i  I 

TiMPEW^nxinK   IN  Foffu  Bed. 

Fia.  236.  -  « 

gas  is  manufactured.  With  indifferent  control  of  the  operating  conditions 
a  lai^  excess  of  CO  is  always  produced  with  some  fuels. 

Modern  practice  attempts  to  bring  the  whole  fuel  bed  to  a  uniform 
temperature  and  to  reduce  the  variation  or  range  of  temperatures  as  far  as 
possible,  thus  enabling  the  temperature  in  the  active  zone  in  the  fuel  bed  to 
be  maintained  at  a  point  where  the  clinker  can  l>e  controlled.  This  results 
in  a  minimum  loss  of  sensible  heat  incurred  by  the  offgoing  gases  and 
yet  a  satisfactory  decomposition  of  the  steam  is  secured  at  an  increased 
rate. 

The  use  of  two  generators  that  are  blasted  in  parallel  but  are  con- 
nected in  series,  during  the  gas-making  period,  is  an  endeavor  to  secure 
more  uniform  fire  conditions. 

From  the  theory  of  the  reactions  underlying  the  combustion  of  the 
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co&l  and  the  formation  of  water  gas,  it  will  be  eeeo  that  many  of  the 
requirements  are  contradictory.  It  is  therefore  necessary  to  arrange 
our  operating  conditions  so  as  to  secure  the  most  efficient  compromise, 
rememberii^  that  many  of  the  theoretical  processes  will  yield  very 
efficient  results  under  test  conditions,  but  n  ay  utterly  fail  to  satisfy  the 
commercial  requirements  as  to  overhead  charges  for  capital  invested 
and  the  labor  cost  of  operating. 

The  following  table  gives  a  set  of  operating  conditions  that  were 
in  one  case  found  to  yield  satisfactory  results. 

OPERATING  CONDITIONS 

Size  of  set 8  ft,  6  in. 

Area  of  grate .' 33.2  sq.ft. 

Fuel  used,  oven  coke 
Oil  used,  Lima  gas  oil 

Candle-power  of  gas  made 26.2  at  70°  F. 

Candle-power  per  gallon  of  oil 6  at  70°  F. ' 

Carbon  in  generator  per  M 25  lbs. 

Temperature  baae  of  superheater 1461"  F. 

Temperature  top  of  Buperiieat«r 1300°  F. 

Length  of  blow 3  min. 

Pressure  of  blaet 20  ins.  wat«r 

Rate  of  blast  cu.ft.  per  sq.ft.  grate  per  minute 129  cu.ft. 

Generator  air  used  per  M.  cu.ft.  of  gas  made 1520  cu.ft. 

Carburetter  air 800  cu.ft/ 

Length  of  run 4  min. 

Per  cent  up  runs 64. S 

Per  cent  down  runs 35 

RateofsteampoundsperBq.fi.  grate  per  mjn 2. libs. 

Steam  used  per  M.  cu.ft.  of  gas  made 33  lbs.  ^ 

Gse  made  per  sq.ft.  grate  per  hour 1.910  cu.ft.         *    ' 

The  condensation  and  purification  of  carburetted  water  gas  differs 
somewhat  from  that  of  coal  gas,  in  that  the  water  gas  is  more  fully 
satfirated  with  hydrocarbons  which  must  be  preserved  and  retained  in 
the  gas  to  secure  its  proper  illuminating  value. 

In  this  connection  it  is  interesting  to  note  that  typical  coal  gas  might 
be  expected  to  contain  1.7  gallons  per  1000  of  bensol;  .045  gallon  of  toluol, 
and  .055  gallon  of  solvent  naphtha;  water  gas  will  contain  about  the  same, 
or  little  less  solvent  naphtha,  will  contain  about  twice  as  much  toluol  and 
probably  shghtly  more  benzol. 

The  greatest  care  must  be  taken  in  regard  to  the  temperatures  employed 
throughout  the  condensing  and  purifying  system  to  avoid  suddenly 
shocking  the  gas,  and  we  endeavor  as  far  as  possible  to  keep  the  gas 
closely  in  equilibrium  with  the  surrounding  condensate. 

In  this  connection  reference  should  be  made  to  the  determination 
of  the  candle-power  at  a  constant  temperature,  and  the  use  of  a  hygrom- 
eter in  the  determinAtion  of  the  dew-point  of  the  hydrocarbon  vapois 
in  the  gas,  as  aJdii^  in  the  delivery  of  gas  of  a  uniform  candle-power  at 
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distant  points  and  as  an  adjunct  in  arriving  at  correct  condensation 
conditions.  The  gas  leaving  the  wash-box  at  a  temperature  of  about 
190"  F.  passes  through  the  scrubbers  and  primary  condensers  into  the 
relief  holder.  The  bulk  of  the  tar  will  now  have  been  deposited.  From 
the  relief  holder  it  is  drawn  by  means  of  the  exhausters,  and  pumped 
through  the  secondary  condensers  and  tar  extraftors,  which  are  usually 
of  the  P.  &  A.  type  described  under  coal  gas,  into  the  purifying  house. 
In  case  the  P.  &  A.  type  of  extractor  is  not  used,  vessels  filled  with  shavii^ 
are  used  to  mechanically  filter  out  the  entrained  liquids. 

The  purification  of  water  gas  is  carried  on  under  the  same  general 
conditions  as  those  surrounding  the  purification  of  coal  gas,  except 
thatit  is  desirable  to  keep  the  temperature  at  purifiers  above  lOCC, 
and  this  temperature  should  be  held  as  uniformly  as  possible.  This  is 
to  prevent  the  gas  changing  suddenly  in  temperature,  and  thus  getting 
out  of  equilibrium  with  the  purifier  material,  which  is  saturated  with 


The  following  range  of  temperatures  is  an  example  of  an  average  of 
working  conditions  under  which  the  manufacturing  results  were  excellent, 
and  which«would  justify  the  conclusion  that  the  gas  was  being  properly 
handled.  It  should  be  remembered  in  this  connection  that  it  is  quite 
probable  that  with  different  raw  materials  and  a  different  design  of  plant 
these  temperatures  would  require  modification: 

Temperature  of  the  atmosphere 66°  F. 

Top  of  superheater 1200 

Outlet  of  wash-box 190 

Inlet  of  scrubber ," 180 

Inlet  of  relief  holder 154 

Inlet  of  exhauster 115 

,   Inlet  of  tar  extractor. 113 

Inlet  of  purifier 103 

Outlet  of  purifier 85 

Outlet  (A  station  meter 85 

Pig.  226  gives  the  plan  of  a  moderate  size  water  gas  plant.  It  will 
be  noted  that  the  gas  passes  from  the  machine  through  the  preliminary 
scrubbers  and  condensers  to  the  relief  holder,  hence  through  the  final 
condensers,  exhauster,  through  the  purifiers,  meter  and  storage  holder, 
then  through  the  governor  to  the  distribution  system. 

General  Processes.  We  have  heretofore  considered  only  the  manufac- 
ture and  purification  of  the  several  commercial  gases,  as  these  processes 
have  differed  considerably  for  each  class.  We  will  now  take  up  several 
steps  that  while  they  more  properly  belong  to  the  distribution  of  the 
gas,  yet  they  are  undertaken  at  the  phtnt  and  may  now  be  briefly  con- 
sidered here  as  being  common  to  all  the  various  classes. 

After  the  gas  passes  the  purifier  it  is  metered  in  order  that  a  proper 
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check  may  be  kept  upon  manufacturing  operationa.    The  volume  of  gas 
made  is  usually  corrected  to  60°  F.  and  30"  Barometer. 

The  usual  form  of  meter  in  use,  F^.  227,  is  the  wet  drum  meter,  which 
operates  by  the  displacement  of  a  water-sealed  dnnn,  and  this  is  the  only 
form  of  meter  that  actually  isolates  a  definite  volume  of  the  gas  and  records 


Fio.  226— Plan— Water  Gaa  Plant. 

it  Recently  the  so-called  dry  rotary  meter  has  been  introduced.  In  this 
form  the  velocity  of  the  gas  passing  through  definite  orifices  is  measured 
and  recorded  by  a  form  of  anemometer.  Anothei  form  of  meter  which 
has  just  beep  introduced  is  the  electric  nieter,  which  automatically  records 
the  mass,  and  therefore  volume,  at  a  definite  temperature  of  the  gas  by 
the  rise  in  temperatiu^  of  the  stream  of  the  gas  that  has  had  a  definite 
quantity  of  heat  added  electrically.     In  large  installations,  particularly 
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in  the  coke  oven  iodustry,  where  large  volumes  of  gas  have  to  be  measured 
and  absolute  accuracy  is  not  required,  Venturi  meters  have  been  used 
with  automatic  integrating  mechaniam.  These  have  been  successfully 
used  where  the  flow  is  fairly  uniform  and  their  use  was  desirable  owing 
to  tow  installation  cost. 

From  the  meters  the  purified  gas  passes  to  the  storage  holders,  Fig. 
228,  showing  three  types  of  construction.  The  holder  proper,  or  bell, 
is  built  of  thin  sheet  iron  or  mild  steel  supported  in  a  structural  steel 
guide-frame.  The  holder  if  lar^  is  composed  of  several  sections  to  reduce 
the  depth  of  the  tank  in  which  it  is  sealed.    The  various  sections  are 


Pia.  227.— Station  Meters. 

joined  with  water  seals  which  in  climates  where  freezii^  weather  is  prev- 
alent must  be  heated  to  prevent  the  water  from  freezing  and  damage  to  the 
holder.  •  The  tanks  are  either  of  brick  or  concrete  built  in  the  ground 
or  of  steel  above  the  ground.  Owii^  to  the  great  weight  of  the  water  and 
Bteel  composing  the  holder  the  foundation  must  be  carefully  prepared, 
espedally  where  the  tank  is  of  brick  or  concrete. 

In  order  to  secure  proper  and  adequate  pressure  conditions,  the  gas 
as  it  passes  out  of  the  holders  is  passed  through  governors  which  auto- 
matically muntajn  a  constant  pressure  or  in  some  cases  increase  and 
decrease  the  pressure  in  accordance  with  the  varyii^  rate  of  Sow. 


524  INDUSTRIAL  CHEMISTRY 

Labotator;  Control.  The  laboratory  control  of  the  gas  is  usually 
cooGoed  to  the  detenninatioQ  of  the  illuminatiiig  and  heating  values, 
and  the  detmninatiou  of  the  impurities,  as  ammonia,  hydrogen  sulphide 
and  orgaoic  sulphur  compounds,  and  the  volumetric  determination  of 
the  constituent  gases. 

The  illuminating  value  is  usually  determined  with  a  Bunsen  photom- 
eter,  Fig.  229,  using  the  Leeson  Star  disks  in  the   comparison  head. 
.  The  pentane  lamp  is  now  considered  the  standard  of  light  of  the  American 


Fia.  228. — Showing  the  Gosometens  filled  and  ready  for  the 

Gas  Industiy.     Its  value  aa  compared  with  other  sources  is  given  in  the 
table  below: 

Value  of  International  Candles 
{SeelEledrical  World,  May  27,  1909,  p.  1259) 

I  pentane  candle  =  1  Bougie  decimale; 
=  1  American  candle; 
=  1.11  Hefner  unit; 
=  .104  Carce!  unit. 

In  connection  with  the  determination  of  the  illuminating  value, 
attention  is  called  to  the  report  of  the  Committee  on  Photometry, 
presented    to   the  American   Gas   Inst.,  1907.     The   calorific   value  of 
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the  gas  is  usually  determined  in  a  Junker,  or  modified  Junker,  calo- 
rimeter. For  details  r^arding  the  standard  methods  of  conductit^ 
this  test,  recourse  should  be  had  to  the  report  of  the  Committee  on 
Calorimetry  of  the  American  Gas  Inst,  for  the  years  1908  et  8eq.  See 
also  Chapter  III. 

The  ammonia  is  determined  by  absorption  in  standard  sulphuric 
add;  Hydrogen  sulphide  by  tltratir^  t^e  gas  directly  with  a  standard 
solution  of  iodine,  or  by  absorption  first  in  cadmium  chloride.  The  organic 
sulphur  compounds  are  determined  by  burning  a  definite  quantity  of  the 
gas  in  an  atmosphere  of  ammonia.  The  products  are  condensed  and  the 
sulphur  determined  as  sulphate  by  precipitating  with  barium  chloride. 


Fig.  229. — Photometer  Room.    Also  showing  apparatuB  for  testing  sulphur  content. 

In  the  analysis  of  the  gas  itself  for  its  constituents,  a  modified  form  of 
Hempei  apparatus  is  usually  employed.  The  burette  is  provided  with  a 
manometer  tube  and  water  jacket,  which  enables  the  volume  to  be  cor- 
rected automatically  to  a  definite  temperature  and  pressure.  The  con- 
stituents usually  determined  are  illuminants  by  absorption  in  bromine 
water,  carbon  monoxide  by  absorption  in  an  acid  solution  of  cuprous 
chloride,  CO2  by  absorption  in  potassium  hydroxide  and  oxygen  by 
treatment  with  yellow  phosphorus.  After  the  absorptions  are  completed 
a  portion  of  the  residue  is  mixed  with  air  and  exploded,  and  the  contrac- 
tion and  CO3  formed  determined. 
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Another  portion  of  the  residue  is  mixed  with  air  and  subjected  to 
partial  combuMion  over  palladium  black,  the  contraction  and  COs  fonned 
being  again  determined.  From  this  data  it  is  possible  to  calculate  the 
percentages  of  hydrogen,  methane,  ethane  and  any  residual  CO  which 
may  have  escaped  the  absorption. 

The  nitrogen  is  determined  by  difference,  and  is  checked  by  dsttx- 
mtnii^  the  amount  left  in  the  residue  from  the  explosion. 

While  a  number  of  methods  have  been  proposed  for  the  detenninatioQ 
of  the  benzol  vapors  in  the  gas,  none  of  them  has  given  very  satisfactory 
reeulto. 

At  the  present  time  especially  in  connection  with  the  operation  of 
benzol  recovery  plants  more  accurate  methods  for  the  formation  of  benzol 
homologs  in  the  gas  are  required.  The  most  satisfactory  determinations 
are  made  by  scrubbing  from  500  to  1000  cu.ft.  in  a  small  tower  scrubber 
with  a  h^h-boiling  paraffine  oil  or  cotton-seed  oil,  using  sufficient  oil  so 
that  the  light  oils  absorbed  will  not  exceed  2  to  2  j  per  cent.  The  light  oils 
are  then  recovered  by  distillation  with  live  steam  and  the  total  quantity 
noted  after  washii^  with  sulphuric  acid  and  soda  to  remove  the  unsaturated 
hydrocarbons. 

The  relation,  however,  of  benzol,  toluol  and  xylol  are  determined  by 
fractional  distillation  with  a  dephlegmator. 

Attention  is  called  to  a  paper  by  Mr.  E.  A.  Eamshaw,  Franklin  Insti- 
tute, for  details  in  the  analysis  of  gases: 

All  Oa  Water  Gas.  Directly  related  to  the  manufacture  of  oarburetted 
water  gas  is  the  so-called  all  oil  water  gas  which  is  used  so  extensively 
on  the  Pacific  Coast  where  there  is  an  abundant  supply  of  cheap  fuel  oil. 

The  general  theory  of  this  process  is  that  of  the  pyrodecomposition 
and  polymerization  of  the  oil  hydrocarbons  as  in  the  Pintsch  process, 
and  to  some  extent  carburetted  water  gas. 

In  the  present  form  of  apparatus  which  is  illustrated  in  Fig.  230,  there 
are  two  fire-brick  lined  shells  in  the  form  of  a  U,  with  one  leg  longer 
than  the  other,  the  shorter  leg  serving  as  the  primary  generator  while  the 
longer  leg  serves  as  a  sui>erheater.  Both  shells  are  filled  with  checker- 
brick.  The  gas  take-oS  for  the  blast  gases  is  at  the  top  of  the  longer 
leg  while  the  illuminating  gas  take-off  is  in  the  middle. 

In  the  operation  of  the  set,  oil  and  steiun  are  blown  into  the  top 
of  the  primary  generator  while  the  blast  is  admitted  in  the  center.  Tlie 
blast  is  turned  on  for  about  three  minutes  before  the  oil  at  a  pressure 
of  about  nine  inches,  at  the  end  of  this  time  the  oil  is  turned  on  at  a 
pressure  of  about  8  lbs.,  the  atomizing  steam  at  35  lbs.  The  heating 
period  is  about  twelve  minutes;  at  the  end  of  this  time  the  blast  is 
cut  off,  the  valve  opened  connecting  with  the  wash-box,  and  the  gas-making 
oil  is  injected  as  before,  with  steam,  through  another  set  of  nossles.  The 
gas-making  nozzles  are  located  both  in  the  primary  generator  and  also 
ia  the  top  of  the  secondary  generator,  so  that  the  flow  of  oil  through 
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the  machine  can  be  regulated   according  to  the  heat  carried  in  the 
checker  work  in  all  parts  of  the  set.     The  oil  is  admitted  to  the  top  of 


Fio.  230.— JoDw'  All  Oil  Water  Gaa  Apparatus. 

the  primary  generator  at  first  quite  rapidly,  it  is  then  gradually  reduced 
during  the  run  until  at  the  eighth  minute  it  is  flowing  at  about  one-third 
the  initial  rate  per  minute.  The  oil  is  admitted  to  the  secondary  gen- 
erator at  a  slightly  slower  rate  aad  is  gradually  reduced  in  the  same 
proportion.  The  last  two  minutes  of  the  nm  the  oil  is  cut  off  and  the 
steam  pressure  is  raised  to  100  lbs.,  and  allowed  to  remain  at  this  pressure 
for  two  minutes  in  order  to  piuge  the  machine. 

The  heats  in  the  machine  are  controlled  by  the  appearance  of  the 
overflow  from  the  wash-box,  the  presence  of  tar  showing  that  the  heat 
is  too  low  while  lampblack  from  the  overflow  in  the  first  scrubber  shows 
that  the  heat  was  too  high.  The  make  of  gas  per  minute  during  the 
run  is  a  very  good  indication  of  the  heats  carried  and  is  an  index  to 
the  proper  length  of  the  run. 

In  the  larger  machines  about  16  per  cent  of  the  total  oil  used  is 
burned  during  the  heating  run  so  that  where  the  total  oil  per  thousand 
runs  about  Si";  gallons,  about  l^  gallons  per  thousand  are  used  during 
the  heating.run  and  7-^  gtdloos  during  the  gas  making  run. 

An  average  analysis  of  the  oil  gas  made  with  a  heavy  California 
crude  is  aa  follows: 

Ills 7.01% 

CO 9.21 

Ha 39.78 

CH4 34.64 
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CO2 2.62 

0 16    . 

N 6.58 

C.P 19.69 

B.T.U 680 

Sp.gr 482 

In  general  this  gas  resemble  coal  gaa  ia  many  of  its  constituenta 
much  more  closely  than  it  does  water  gas.  But  there  ia  every  reason 
why  this  should  be  so  as  both  of  these  gases  are  fonned  by  the  pyro- 
condensatiou  of  hydrocarbons. 

The  formation  of  the  all  oil  water  gas  being  almost  identical  with 
the  second  and  third  stages  of  the  coal  gas  distillation -except  that  in  the 
case  of  the  oil  gas  the  temperature  conditions  and  time  of  contact  are 
under  much  more  exact  control.  In  general  all  that  has  been  said 
previously  in  reference  to  the  decomposition  of  the  hydrocarbons  applies 
with  equal  force  in  manufacture  of  the  oil  gas  in  this  apparatus. 

In  the  early  days  of  this  process  the  working  conditions  were  not 
well  understood  and  the  operation  of  the  machines  resulted  in  enormous 
accumulation  of  lampblack  from  excessive  and  irregiriar  temperatures 
carried  in  the  apparatus.  Now,  however,  with  the  control  that  is 
exercised  over  the  operation  of  the  set  and  in  addition  the  better  design, 
the  apparatus  has  resulted  in  an  almost  total  elimination  of  the  trouble 
and  nuisance  due  to  lampblack.  The  bulk  of  the  lampblack  is  now 
removed  in  a  self-cleaning  wash-box  in  which  the  lampblack  is  washed 
from  the  gas  by  a  large  quantity  of  water,  which  prevents  the  formation 
of  large  lumps. 

From  the  wash-box  the  gas  passes  through  scrubbers  filled  with  wooden 
trays  similar  to  those  used  in  the  carburetted  water  gas  apparatus;  as 
there  are  no  by-products  to  be  saved  a  rather  excessive  amount  of  water 
is  supplied  to  the  scrubbers.  In  some  of  the  plants  three  scrubbers 
are  used  applying  from  10  to  15  gallons  per  thousand  per  scrubber, 
or  a  total  of  say  40  gallons  per  thousand.  The  water  from  the  wash-box 
and  scrubbers  is  run  into  the  lampblack  separator  where  the  lamp- 
black is  removed.  The  lampblack  as  taken  from  the  separator  contains 
about  60  per  cent  of  water.  This  is  piled  in  heaps  and  allowed  to  drain 
until  it  contains  about  20  per  cent,  it  is  then  used  for  fuel  either  under 
the  boilers  or  in  water  gas  apparatus.  In  the  larger  sets  about  20  lbs. 
of  lampblack  are  made  per  thousand  feet  of  gas. 

A  great  advantage  of  this  type  of  apparatus  is  that  it  can  be 
built  and  handled  in  large  units,  so  that  the  operative  labor  is  reduced 
to  a  minimum  and  from  the  fact  that  no  time  is  lost  in  clinkering. 
The  machines  can  be  depended  upon  to  produce  their  gas  continually 
so  that  only  a  very  low  holder  capacity  b  required. 

Of  the  avulable  oils  in  California,  it  has  been  found  that  those  highest 
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in  gravity  give  th«  best  results,  or  in  other  words,  that  tlie  hydrocarbons 
present  in  the  oil  are  all  about  equally  valuable,  so  that  the  oil  yielding 
the  greatest  weight  per  gallon  will  naturally  (pve  the  greatest  number 
of  cubic  feet  of  gas.  This  result  rather  bears  out  the  idea  that  has  been 
gaining  ground  in  the  East  where  the  heavier  grades  of  enriching  oil 
have   been  tried   out   and  experimented   with   more   thoroughly.     The 


FiO.  231.— Pintsch  Retort  Ben^h. 

sulphur  content  of  the  California  oils  varies  quite  widely,  ranging  from  a 
fraction  of  a  per  cent  to  above  4  per  cent.  It  has  been  found  that  where 
the  sulphur  does  not  exceed  one  per  cent  the  gas  is  easily  purified  with 
iron  oxide  in  simple  purifiers. 

Pintsch  Gas.  Another  commercial  adaptation  of  oil  gas  is  that 
known  as  Pintsch  gas.  Kntsch  gas  is  simply  an  oil  gas  compressed  to 
about  ten  atmospheres  and  was  developed  originally  for  the  lighting 
of  railway  passenger  cars.  The  Pintsch  patents  were  taiien  out  about 
1870. 
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Id  this  system  the  oil  is  first  decomposed  in  a  double  iron  retort, 
set  in  a  regular  coal  gas  bench,  an  outline  sketch  of  which  is  ^own 
in  Figs.  231  and  232.  The -oil  is  introduced  at  the  front  of  the 
upper  retort  and  falls  upon  a  movable  tray,  which  collects  most  of  the 


Pio.  232.— Pintsch  High  Pressure  Plant. 

carbon  formed.  The  gas  and  vapors  thus  produced  pass  to  the  back 
of  the  upper  retort  down  and  out  through  the  lower  retort  to  a  hydraulic 
mun  located  in  front  of  the  bench.  The  crude  gas  is  passed  through 
a  dry  scrubber,  condenser  and  purifier  and  after  metering  is  collected 
in  a  low  pressure  holder,  very  similar  in  all  respects  to  the  processes 
employed  in  condensing  and  purifying  coal  gas.  The  gas  is  then  com- 
pressed, generally  in  a  two-stage  compressor,  into  the  storage  cylinders. 
Every  precaution  is  taken  to  remove  the  condensation  thrown  down 
by  the  compression,  so  that  the  gas  in  the  cylinders  will  be  thoroughly 
dry.  The  pressures  employed  vary  from  10  to  14  atmospheres,  the 
latter  figure  being  common  in  the  United  States.  In  some  plants,  fireclay 
retorts  are  employed;  in  these  the  oil  is  passed  through  the  back  of  the 
retort  and  is  taken  oS  at  the  front,  so  that'  a  single  retort  suffices.  The 
ordinary  form  of  carburetted  water  gas  apparatus  has  been  used  also  in 
tiie  manufacture  of  Pintsch  (taa.  After  the  regular  blow,  inptead  ol 
turning  on  the  usual  supply  of  steam,  only  a  very  small  supply  is  used, 
just  sufficient  to  clear  the  machine  of  the  oil  gas  made.     The  success 
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of  this  work  has  resulted  in  the  adaptation  of  a  special  form  of  apparatus 
for  generating  the  Fintsch  gas,  very  similar  to  the  apparatus  employed 
in  CaUfomia  for  the  manufacture  of  oil  gas.  In  this  case,  however, 
the  fuel  used  in  the  heatii^  run  is  a  tar  obtained  as  a  by-product.  This 
is  injected  into  the  top  of  the  generator  with  steam  and  air  until  the 
proper  temperature  is  acquired,  then  gas  oil  under  pressure  is  injected, 
the,  vapors  formed  pass  down  through  the  heated  checker-brick,  and 
are  subjected  to  the  same  transformations  that  occur  in  the  water  - 
gas  set.  The  heatii^  period  is  about  five  minutes,  the  gas-making 
period  from  6  to  8  minutes.  About  1500  cu.ft.  of  gas  are  made  per  run. 
It  has  been  found  that  the  candle  power  is  increased  by  about  10  per 
cent  over  that  obtuned  in  the  retort  form  of  apparatus.  A  late  devel- 
opment of  the  system  is  a  generation  of  the  gas  at  high  pressure,  in  a 
generator  built  of  heavy  steel  plates,  so  that  the  whole  operation  takes 
place  at  high  pressure.  A  small  amount  of  steam  in  this  type  of  apparatus 
is  injected  with  the  oil.  The  steam  acts  as  a  carrier  but  does  not  react 
with  the  oil  or  carbon  formed,  as  the  temperature,  about  670°,  is  too 
low  for  the  reaction  to  take  place.  A  mixture  of  gas,  tar  and  water  is 
charged  into  the  store  holder  at  a  pressure  of  about  14  atmospheres. 
It  is  purified  uneler  pressure  and  then  stored  directly  into  the  cylinders. 
The  average  composition  of  the  compressed  gas  is  as  follows: 

Methane 50to60  per  cent 

Illuminants 30  to  40      " 

Carbon  monoxide .5      " 

Hydrogen 3  to  5        " 

Sp.  gr.  from 78  to  .85 

The  candle  power  of  the  gas  when  tested  in  open  flat  flame  burners, 
does  not  do  the  gas  justice,  as  it  only  averages  about  40. 

The  design  of  the  Pintsch  regulator  and  its  perfect  operation  under 
severe  conditions  has  contributed  very  greatly  to  the  successful  appli- 
cation of  the  Pintech  system. 

At  present  in  addiUon  to  its  use  in  reulroad  lighting,  it  is  extensively 
employed  in  buoy  lightii^.  The  gas  under  a  pressure  of  100  atmospheres 
is  compressed  in  cylinders  which  form  the  body  of  the  buoy.  On  one 
gas  charge  these  buoys  were  run  to  528  days.  These  buoys  can  be  pro- 
vided with  automatic  mechanism  so  that  the  light  can  be  operated  either 
as  a  continuous  light  or  in  any  desired  sequence  or  flashes. 

BUu  Gas.  Another  modification  of  the  I^ntsch  gas  is  known  as 
Blau  gas.  In  this  process  the  oil  is  decomposed  in  the  retorts,  as  in  the 
manufacture  of  Pintsch  gas.  The  gas  is  purified  and  then  compressed 
to  lOp  atmospheres,  so  that  the  greater  portion  of  it  liquefies.  Under 
this  pressure  the  liquefied  hydrocarbons  probably  absorb  and  hold  in 
solution  some  of  the  defines  and  paraffines  that  would  normally  be 
-  gases  at  this  pressure.  The  oil  is  gasified  at  a  rather  lower  temperature 
than  that  ordinarily  employed  in  the  manufacture  of  oil  gas.    The  fixed 
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gases  tbat  are  left  after  compressioQ  are  used  in  operating  the  machinery 
necessary  in  the  manufacturing  operations.  The  liquefied  gas  has  a  specific 
gravity  referred  to  water  of  .59.  The  liquid  is  sold  ordinarily  in  seamless 
steel  fiasks  that  hold  45  and  10  k.g.  The  gas  is  first  expanded  from 
100  atmospheres  down  to  about  10,  and  is*  then  expanded  again  to  10 
or  12  ins.  water  pressure.  One  gallon  of  the  liquefied  gas  will  yield  about 
28  cu.ft.  of  expanded  gas.  There  will  remain,  however,  a  residue  that 
may  run  up  to  9  per  cent.  The  following  may  be  taken  as  a  typical 
analysis  of  the  expanded  gaa: 

Illuminants 51.9% 

CO 1 

Hs 2.7 

Methane  and  ethane 44  .'l 

CO2 0 

O2 0 

Nitrogen 1.2 

Specific  gravity 1.02 

Heating  value 1704  B.T.U. 

Flat  fiame,  calculated  at  5  ft.  per  hr.. . .  48.25 

It  will  be  noted  that  this  gas  is  slightly  higher  in  illuminants  and 
heating  value  than  the  Pint^h  gas,  and  is,  therefore,  slightly  more  con- 
centrated. It  baa  found  some  application  for  use  in  isolated  localities 
and  marine  lighting. 

Gasoline  Gas.  Gasoline  gas  is  a  mixture  of  atmospheric  ur  and 
light  hydrocarbon  vapor  in  varied  percentages  generally  aljove  the 
explosive  limit.  This  gas  has  been  developed  to  meet  the  requirements 
of  isolated  localities  where  the  quantity  of  gaa  required  is  small,  so  that 
the  installation  of  the  usual  form  of  coal  or  water  gas  apparatus  would 
not  be  profitable.  There  are  two  general  systems  used  in  its  manufacture; 
one  system  operates  in  the  cold  while  the  other  system  employs  heat 
to  ud  in  the  vaporization.  Gasoline  or  carburett«d  air  gas  differs  from 
the  ordinary  forms  of  coal  gas,  water  gas  or  oil  gas  due  to  the  fact 
that  it  is  a  simple  mixture  of  the  vapors  of  a  liquid  hydrocarbon  which 
is  not  chained  chemically  m  the  vaporization.  In  the  cold  process 
where  the  Mr  is  not  heated,  a  very  light  grade  of  gasoline  must  be 
employed,  while  in  the  system  employing  steam  or  other  source  of 
heat  to  assist  in  the  evaporation  the  less  expensive  naphthas  may  be 
used.  ■ 

It  is  essential  in  cither  process  that  the  hydrocarbon  should  be  entirely 
vaporized  and  should  contain  no  traces  of  tar  which  would  otherwise 
stop  up  the  apparatus  and  ipve  trouble  in  the  burners.  The  gasoline 
with  a  sp.gr.  of  about  .65  is  usually  employed  in  the  cold  system. 
While  this  leaves  a  small  residue  it  is  not  sufficient  to  cause  serious 
trouble. 
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The  volume  of  vapor  that  can  be  carried  by  a  given  volume  of  wr 
depends  upon  the  temperature  and  rises  very  rapidly  with  increase  in 
temperature.  The  data  relating  to  this  point  are  rather  meager  and 
frequently  somewhat  contradictory,  but  in  general,  the  air  can  be  depended 
upon  to  carry  over  10  per  cent  of  the  vapor,  even  at  low  temperatures. 

The  percentage  carried  is  importaiit  in  that  it  must  either  be  lower 
than  the  explosive  limit,  that  is  less  than  about  2  per  cent,  or  higher,  that 
is  above  5  per  cent.  In  this  country,  the  usual  practice  is  to  produce  a 
mixture  containing  over  5  per  cent  of  the  gasoline  vapor,  the  mixtures 
averaging  from  5^  to  6  gallons  of  gasoline  per  thousand  feet  of  the 
mixture.  This  would  give  a  gas  containing  over  13  per  cent  of  vapor, 
wMch  is  amply  safe  from  explosion  and  which  would  give  about  16  candle 
power  in  the  Ai^and  burner  and  will  have  a  calorific  value  about 
570  B.T.U.'s.  It  can  therefore  be  employed  for  either  lighting  or 
heatit^. 

During  the  last  few  years  a  number  of  systems  have  been  exploited, 
u^ng  beat  to  assist  in  the  vaporization  of  the  heavier  grades  of  naphtha. 
These  naphthas  have  a  gravity  of  from  .69  to  .71.  These  machines 
either  use  steam  or  a  small  flame  fed  from  the  machine  itself.  They 
are  generally  provided  with  automatic  devices  so  that  their  operation 
is  very  simple. 

The  great  disadvantage  of  these  systems  is  the  fact  that  the  gas 
has  a  high  sp.gr.,  about  1.26,  so  that  in  case  of  leak  it  does  not  rise 
and  is  thus  less  readily  dis^pated  by  the  ordinary  means  of  ventilation. 
The  pipes  that  are  used  to  convey  it  are  generally  of  large  diameter 
and  care  must  be  taken  to  prevent  exposure  to  cold  draughts,  as  the 
gasoline  vapor  present  has  a  tendency  to  condense  out  at  temperatures 
below  40°  F.  and  should  any  volume  of  the  condensate  collect  in  the  pipes 
it  would  be  a  source  of  danger,  in  case  it  passed  over  to  the  burners. 

Another  recent  development  is  the  use  of  mixtures  containing  less 
than  2  per  cent  of  gasoline  vapor  that  is  below  the  explosive  limit.  Such 
mixtures  although  low  in  heating  value  may  be  used  with  a  Welsbach 
mantle  without  further  admixture  of  air. 

Acetylene.  The  use  of  acetylene  as  an  illumiuant  in  small  towns 
and  for  isolated  plants  has  developed  to  a  very  considerable  extent  during 
the  last  five  years,  owing  to  the  standardization  that  has  taken  place 
in  the  manufacture  of  calcium  carbide,  while  accurate  data  cannot  be 
had  as  to  the  extent  of  its  use.  Brown's  Directory  of  Gas  Companies 
reports  184  acetylene  town  plants  in  operation  the  first  of  this  year. 
These  worlcs  report  a  total  output  of  nearly  19,000,000  feet.  It  is  probable, 
however,  that  there  are  many  more  plants  in  existence  which  did  not 
take  the  trouble  to  file  their  report.  To  this  must  be  added  a  very 
large  number  of  small  private  plants  lighting  one  or  more  houses  or  a 
factory,  and  a  very  considerable  quantity  of  acetylene  that  is  used  in 
the  portable  tanks  for  automobile  headlights,  etc. 
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Calcium  caxbide  is  manufactured  in  the  electric  furnace  by  fusing 
a  mixture  of  lime  and  coke.  Although  acetylene  was  known  chemically 
&a  far  back  as  1S36,  and  in  1862  the  formation  of  calcium  carbide  waa 
discovered  by  Woehler,  it  was  not  until  Wilson's  discovery  in  1892,  that 
calcium  carbide  could  be  commercially  manufactured  in  the  electric 
furnace,  that  acetylene  became  of  any  importance  as  a  possible  illuminant. 

In  the  manufacture  of  calcium  carbide,  the  purity  of  the  raw  materials 
is  of  great  importance  and  much  of  the  success  in  the  commercial  use 
of  acetylene  can  be  attributed  to  the  care  taken  and  the  chemical  control 
exercised  in  the  manufacture  of  the  carbide.  After  fusion  in  the  furnace, 
the  carbide  is  crushed,  sized  and  packed  in  hermetically  sealed  cans.  Cal- 
cium carbide  as  formed  in  the  electric  furnace  is  a  hard  crystalline 
substance  of  grayish  color  and  weighs  about  138  lbs.  per  cubic  foot. 

It  is  usually  packed  in  cans,  holding  200  lbs.  The  commercial  «e€S 
for  large  generators  are  3^  ins.  to  2  ins.  and  for  lamps  1  in.  to  i  ic.  and 
some  other  smaller  azes  running  down  to  dust. 

While  pure  carbide  should  yield  about  5  cu.ft.  of  acetylene  per 
pound,  the  yield  of  gas  varies  with  the  size.  The  larger  lumps  yield 
conmderably  more  gas  per  pound.  The  British  Bi>ecifications  provide 
that  the  standard  size  2^  ins.  to  1  in.  shall  yield  not  less  than  4.8  cu.ft. 
at  60°  and  30  ins.  bar.  with  an  allowance  of  5  per  cent  for  the  analysis, 
and  that  it  shall  not  contain  more  than  5  per  cent  of  dust  that  will  pass 
a  A  in.  screen.  The  German  specifications  provide  three  grades  for 
sizes  down  to  i  in.  The  price  shall  be  based  on  a  minimum  yield  of 
4.81  cu.ft.  per  pound  with  a  2  per  cent  allowance  for  analysis.  Carbide 
yielding  not  less  than  4.33  cu.ft.,  however,  must  be  accepted  with  a 
proportional  reduction  in  price.  For  the  smaller  siaes,  the  base  yield 
is  4.33  cu.ft.,  and  carbide  must  be  accepted  that  does  not  yield  less  than 
4.01  cu.ft.  The  maximum  amount  of  phosphine  present  in  the  crude 
acetylene  shall  not  exceed  .04  per  cent,  with  an  allowance  of  .01  per 
cent  for  the  analjrsis. 

The  formation  of  acetylene  from  the  carbide  takes  place  according 
to  the  following  reactions: 

CaCa+HaO-CaHa+CaO     and    CaO+HaO-Ca(OH)3. 

This  reaction  does  not  takes  place  below  —5°  C,  however.  This 
reaction  is  exothermic,  but  there  is  some  disagreement  as  to  heat  of 
formation  of  the  acetylene,  the  net  result  of  the  reaction  being  about 
29.1  lai^  calories.  This  heat  of  formation  is  really  very  important  as 
it  must  be  taken  care  of  in  a  design  of  the  generator.  Acetylene  polym- 
erizes very  readily  at  600°  C.  into  benzol  and  at  higher  temperatures 
forming  other  complex  organic  compounds.  For  this  reason,  it  is  essential 
that  ample  water  should  be  present  to  absorb  the  heat  of  the  reaction  or 
other  means  must  be  provided  to  prevent  an  excessive  rise  in  temperature. 
Experiments  on  the  temperatures,  occurring  in  generators,  have  shown 
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a  m&ximum  of  from  280  up  to  as  high  as  807°,  in  one  case  reported  by 
Lewes.  Furthermore,  at  high  temperatures,  the  acetylene  may  decompose 
violently,  the  critical  point  being  about  780".  The  heat  set  free  may 
thus  result  in  an  explosion,  while  if  any  aii  is  present,  it  may  explode  at 
480°  C.  On  account  of  these  facte  it  is  exceedingly  important  that  well- 
designed  generators  should  be  used  for  the  generation  of  the  gas.  The 
generators  may  be  divided  into  two  general  classes:  first,  where  the 
carbide  is  added  to  the  water,  second,  where  the  water  is  added  to  the 
carbide.  ESther  of  these  may  be  automatic  or  non-automatic.  The 
American  regulations  require  that  the  maximum  rise  shall  not  exceed 
53°  C,  and  that  there  shall  be  present  at  least  8^  lbs.  of  water  per 
pound  of  carbide,  while  for  the  hand-fed  generators  the  rise  shall  not  be 
over  91"  C. 

Owing  to  the  rise  of  temperature  in  the  generator,  conaderable  wat«r 
is  vaporized  and  passes  off  with  the  gas,  so  that  a  generator  requires 
considerably  more  water  than  is  indicated  by  the  reaction,  the  usual 
allowance  being  about  half  a  gallon  per  pound  of  carbide. 

Pure  acetylene  has  a  sp.  gr.  of  .9056;  its  critical  temperature  is  37°  C. 
and  the  critical  pressure  68  atmoa.  The  specific  heat  is  .373  and  its 
calorific  value  is  1440  B.T.U.'s  per  cubic  foot.  When  mixed  with  air, 
it  ignites  at  about  430°  C.  Its  explosive  limit  varies  from  about  2.5  to 
55  per  cent. 

At  15°  C.  it  is  soluble  volume  for  volume  in  pure  water,  but  the 
presence  of  lime  or  sodium  salts  in  tlie  water  such  as  would  exist  in 
the  generator,  reduces  the  Solubility  to  about  one-third  of  this  figure. 
Above  two  atmospheres  pressure  and  at  780°  C.  acetylene  is  very  unstable 
and  is  likely  to  decompose  violently.  For  this  reason  liquefied  acetylene 
is  very  dangerous  and  its  use  is  generally  prohibited.  Various  solvents 
such  as  acetone  will  take  up  large  volumes  of  acetylene  and  this  property 
is  made  use  of  in  the  portable  tanks  used  for  automobile  headlights. 
The  tanks  are  filled  with  a  porous  material,  containing  about  80  per 
cent  of  voids,  about  43  per  cent  of  these  are  filled  with  acetone.  The 
acetylene  is  then  compressed  into  the  cylinder  at  a  pressure  of  10  atmos., 
at  which  pressure  the  cylinder  will  hold  about  one  hundred  times  its 
volume  of  acetylene. 

Crude  acetylene,  when  first  generated  from  the  carbide,  contains 
ammonia,  hydrc^n  sulphide  and  phosphine,  which  must  be  removed 
before  the  gas  can  be  used  for  indoor  illumination.  The  average 
quantities  in  the  crude  gas  are  probably  as  follows: 

Anunonia 100  to  175  grs.  per  100  cu.ft. 

Hydr(^eii  sulphide 10  to    50         "         " 

Phosphine 20  to   40        "         " 

llie  ammonia  is  readily  removed  by  the  water  in  the  holder  that  is 
usually  a  part  of  each  generator,  but  the  phosphine,  which  is  the  most 
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noxioufi  .impurity,  must  be  treated  chemically.  Various  parifying 
materials  have  been  proposed,  most  of  them  based  od  mixtures  of 
bleaching  powder,  slaked  lime  and  some  other  chemical  which  gives 
them  a  claim  for  being  novel.  Another  material  which  seems  to  have 
given  fair  success  b  known  as  heritol.  It  is  composed  of  kieselguhr, 
saturated  with  an  acetic  or  hydrochloric  acid  solution  of  chromic  acid. 
This  latter  material  has  an  advant^e,  due  to  the  fact  that  it  changes 
in  color  when  saturated  with  the  impurity. 

Piuified  acetylene  is  usually  burned  to  give  a  luminous  flame  and 
owii^  to  the  richness  of  the  gas,  it  is  necessary  to  employ  small  burners, 
or  else  make  extra  provision  for  injecting  air  into  the  body  of  the  flame 
by  the  action  of  the  issuing  gas.  A  usual  form  of  burner  has  two  jets, 
which  impinge  and  form  a  flat  flame,  thus  drawing  air  in  on  all  sides. 
To  assist  in  the  injection  of  the  ^r  and  to  overcome  the  high  sp.gr. 
of  the  acetylene,  requires  a  rather  high  pres- 
sure, considerably  higher  than  that  required  for 
coal  gas.  When  burned  in  such  an  open  flame 
burner  at  low  rates,  the  horizontal  candle 
power,  if  computed  at  a  rate  of  five  feet  per 
hour,  would  give  from  240  to  250  candle  power. 
Calculated  on  the  candle  power  per  foot  per 
hour,  It  seems  to  give  about  40  candle  power. 
The  comparatively  high  efficiency  of  the  acet^ 
yiene  flame  is  due  not  only  to  its  high  carbon 
content,  but  also  to  its  very  high  flame  tem- 
perature, which  results  in  part  from  the 
stron^y  endothermic  nature  of  the  gas,  dis- 
engaging a  laii^  quantity  of  beat  when  it  is 
dissociated.  Mahler  gives  the  flame  tempera- 
ture at  2350°  C.  while  Le  Chatelier  estimates 
it-from  2100  to  2400°  C.  This  is  reflected  in 
the  high  duty  obtained  when  acetylene  is 
burned  in  a  Welsbach  mantle  where  from  120 
to  140  candles  per  foot  are  obtained. 

Owing  to  the  relatively  high  cost  of  the 
heat  units  in  acetylene,  it  is  not  an  econom- 
ical fuel,  but  stoves  are  now  on  the  market 
which  utilize  its  high  heating  value  (1400 
B.T.U.'s)  very  efficiently  and  satisfactorily,  and 

in  isolated  localities,whereitis  already  employed 

Fia.  233.-Meth8ne.Hydro-  ^°^  lighting,  it  may  serve  a  very  useful  purpose 
gen  Generator.  where  economy  is  not  of  prime  importance. 

In  connection  with  the  distribution  of  acet- 
ylene care  must  be  taken  to  insure  perfect  tightness  in  the  distributing 
system,  owing  to  the  high  value  of  the  gas.    The  use  of  copper  wherever 
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the  gas  may  come  in  contact  with  it,  must  be  avoided,  as  acetylene  fonns 
a  veiy  explosive  compound  when  brought  into  contact  with  copper.  This 
compound  is  known  as  copper  acetylide,  a  body  to  ^rtiich  Blochmann'e 
formula  C2H2CU2O  is  generally  ascribed. 

During  the  past  few  years  there  has  been  a  tremendous  increase  in  the 
use  of  acetylene  and  oxygen  for  the  autogenous  welding  of  steel  aluminum, 
etc.,  for  making  repairs  and  for  cutting  lai^e  steel  sections. 

Mettune-Hydrogen  Gas.  There  are  a  number  of  special  processes  i^ch 
have  been  developed  to  furnish  gas  either  from  by-producfa  or  for  si>ecial 
purpoees;  among  these  is  the  so-called  methane-hydrogen  gas,  which  vas 
designed  to  utiUze  tar.  The  cross-section  of  the  generator,  Fig.233,  is  shown 
in  th^  cut.  The  tar  is  sprayed  into  the  combustioo  chamber,  where  it  is 
vaporized,  and  then  passes  through  the  bed  of  fuel,  which  is  raised  to  in- 
candescence by  an  air  blast.  In  contact  with  the  carbon,  the  ring  com- 
pounds from  the  tar  are  decompt^ed.  The  principal  product  is  hydrogen, 
together  with  10  or  15  per  cent  of  methalie,  carbon  monoxide  and  a  small 
percentage  of  illuminants.  While  the  illuminating  value  of  the  gas  is  low, 
it  can  be  readily  enriched  with  benzol,  if  required,  and  furnishes  a  com- 
mercial solution  for  the  gasification  of  tar  or  the  manufacture  of  a  low 
grade  of  ga&  .  Analyses  of  this  gas  show  about  the  following  composition: 

lUuminants 3      per  cent. 

Carbon  monoxide 15  " 

Hydrogen 64.2        " 

CH* 12 

CaHo 0  " 

CO2 2.3 

Oxygen 2 

Nitrogen 3  " 

Candle  power 11  " 

B.T.U 400.'         " 

The  same  principle  is  utilized  in  the  Rincker  and  Wolter  system, 
which  was  deigned  to  utilize  tar  and  heavy  oil  residues  which  could  not 
be  handled  in  the  ordinary  carburetted  water  gas  apparatus.  A  mixture 
of  two  parts  of  oU  residue  and  one  part  of  water  gas  tar  is  sprayed 
downward  on  the  bed  of  heated  tuel,  decomposing  the  hydrocarbons. 
The  free  carbon,  which  is  liberated,  settles  on  the  coke*and  is  burned 
during  blasting.    They  claim  a  composition  as  follows: 

lUuminants 8.8  per  cent. 

CO 3.3       " 

Ha: 59.2        " 

CH< 17.9       " 

COa 1.0        " 

Onygen .3        " 

NltK^n 9.6       " 
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The  calorific  value  may  be  varied  between  350  and  850  B.T.U.'a.  A 
mixture  of  equal  parts  of  coal  tar,  water  gaa  tar  and  Java  residue  would 
yield  about  20,000  ft.  per  ton  of  500  B.T.U.  gas.  Thia  process  can  be 
varied  so  that  the  more  complete  decomposition  is  secured  and  a  high 
yield  of  hydrogen  obtained,  thus  making  a  gas  suitable  for  balloon  pur- 
poeea. 

Balloon  Gas.  Within  the  past  few  yeara  due  to  the  increased  use  of 
both  dirigible  and  captive  balloons,  especially  for  mihtary  purposes, 
there  has  existed  a  very  great  demand  for  suitable  inflating  gases.  Such 
a  gas  should  have  a  low  gravity  so  as  to  have  a  minimum  lifting  power  of 
about  43.&lb6.  per  thousand  cubic  feet.  This  would  correspond  to  a  grav- 
ity of  .43.  Apparently,  a  gravity  of  about  .33  is  considered  the  most 
efficient,  owing  probably  to  the  greater  loss  by  diffusion  through  the  fabric 
if  hghter  gravities  were  used.  A  number  of  processes  have  been  devised  to 
prepare  suitable  gases  with  the  ordinary  manufacturing  apparatus.  Such  a 
process  has  been  patented  where  the  standard  form  of  carburetted  water  gas 
apparatus  is  used.  In  carrying  out  this  process  the  fire  is  carried  low, 
and  just  enough  steam  is  admitted  to  prevent  burning  out  the  grate  bars 
and  to  keep  down  clinker.  After  the  fire  has  been  brought  to  a  working 
temperature  with  the  blast,  from  15  to  20  per  cent  of  the  oil  is  admitted 
to  the  top  of  the  fire.  This  pui^es  the  set  of  the  heavy  products  of  com- 
bustion. The  stack-valve  is  then  closed  and  the  remainder  of  the  oil 
admitted.  The  valves  are  reversed  and  a  small  amount  of  steam  is 
turned  on  under  the  fire,  which  passing  up  through  the  fuel  bed 
generates  water  gas,  clears  the  machine  of  the  oil  gas  and  is  used 
to  reduce  the  gravity  to  the  point  desired.  The  oil,  partially  decomposed 
in  the  fuel  bed  is  completely  decomposed  in  the  fixing  chambers,  due  to 
their  very  high  temperature.  In  this  way  the  illuminants  which  have  an 
injurious  action  on  the  rubberized  fabric  are  practically  eliminated,  and  by 
suitably  varying  the  amount  of  steam  any  desired  gravity  may  be  made. 
Two  analyses  of  this  gas  show  the  possibility  of  varying  the  gravity: 

Illuminants I      and      .  4  per  cent. 

CO 15.3    "  5.2 

Hydrogen 63.7    "  75.4  " 

Methane 11.0    "  10.4 

Ethane 8   "  .0  " 

Carbon  dioxide 2.6   "  1.0  " 

Oxygen 5    "  .6  " 

Nitrogen 5.1    "  7.0  " 

Specific  gravity 37"  .35'  " 

Another  process  for  manufacturing  a  very  low  gravity  gas  depends 
on  the  decomposition  of  ordinary  coal  gas  by  passii^  it  through  hot  coke 
in  a  retort.  The  retort  is  r^sed  to  a  temperature  of  about  2200"  F. 
A  10-ft.  retort  will  produce  about  300  cu.ft.  of  gas  per  hour,  the  gravity 
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depending  somewhat  upon  the  quality  of  the  coal  gas,  ran^ng  from  ,22 
to  .3.    Its  analysis  is  about  as  follows: 

Illuminants nil 

CO 7.3  per  cent. 

Hydrogen 80. 7        " 

Methane. 6.9        " 

COa nil 

O2 nil 

Nitrogen 6.1        " 

The  Messerschmidt  process  ia  used  quite  extensively  abroad  for  the 
production  of  hydn^en  for  military  puipoees.  This  depends  upon  the 
decomposition  of  steam  by  metallic  iron  and  the  reduction  of  the  iron 
oxide  by  blue  water  gas  a  mixture  of  carbon  monoxide  and  hydrogen, 
produced  in  a  separate  apparatus. 

The  hydrogen  generator  is  shown  diagrammatically  in  Fig.  234. 

The  iron  mass  ia  introduced  into  the  cylindrical  iron  retort  formed 
by  the  concentric  iron  cylinders  A  throu^  the  filling  doora  F  and  F'; 
it  may  be  removed  tor  replacement  throi^b  the  doors  G  and  G'.  In  order 
to  beat  the  apparatus  and  reduce  the  iron  oxide  to  metallic  iron,  blue 
gas  made  in  a  separate  generator  by  the  decomposition  of  steam  by 
incandescent  coke  is  introduced  at  the  base  of  the  inner  cylinder  at  B, 
and  partially  burned  in  contact  with  the  checker  brick  filling,  by  air 
introduced  at  C.  This  combustion  serves  to  raise  the  temperature  of 
the  iron  oxide  to  a  point  at  which  the  unbumed  CO  and  H2  of  the  blue 
gas  in  passing  down  through  the  heated  oxide  will  react  and  reduce  the 
oxide.  The  products  pass  upwards  again  around  the  iron  retort  and  any 
unbumed  gas  is  consumed  with  auxihary  supplies  of  air  introduced  through 
Dl,  D2,  D3,  Di;  this  heats  the  firebrick  lining  of  the  shell  and  equalizes 
the  temperature  in  the  apparatus. 

The  products  of  combustion  pass  out  through  the  flues  H,  the  pipe  I, 
the  stack  valve  J,  to  the  stack  K.  When  the  tonperature  of  the  mass 
has  been  raised  to  700°-S00°  C.  and  the  iron  is  reduced  to  the  metallic 
state,  in  accordance  with  reaction  2FeO+CO+H3=2Fe+COz+H20, 
the  blue  gas  and  air  is  shut  oS  and  a  small  amount  of  steam  is  turned  on  at 
P  to  purge  the  apparatus,  when  hydrogen  appears  at  the  stack  valve  the 
valve  is  closed  and  the  steam  shut  off  at  P  and  is  turned  on  at  0.  The 
steam  in  passing  around  the  outer  passage  is  superheated  and  in  passing 
up  through  the  heated  iron  is  reduced  with  the  formation  of  hydrogen  in 
accordance  with  Fe+H20  =  FeO+HB. 

The  hydn^n  passes  out  through  the  pipe  L  to  the  water  seal  M-  and 
through  the  pipe  N  to  the  purifying  apparatus.  The  heating  and  reduc- 
tion stage  require  about  twenty  minutes,  the  generation  of  hydit^n  about 
fifteen  minutes.    The  cycle  is  then  continued.    The  temperature  is  con- 
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trolled  with  pyrometers  and  the  large  mass  of  checker  brick  in  the  inner 
cylinder  and  the  heavy  firebrick  lining  of  the  shell  serve  as  a  heat  storage. 

The  hydrogen  is  cooled  and  freed  from  dust  by  washing  with  a  water 
spi^y,  CO3  is  removed  with  lime  and  H2S  with  iron  oxide. 

The  purity  of  the  hydrogen  is  claimed  to  exceed  99  per  cent. 


A 


HYDROGEN 


LET 


Fio.  234. — Messerschmidt  Hydrogen  Generator. 

Utilizatioa  of  Residuals.  The  residuals  or  by-products  depend  upon  the 
kind  of  gas  made.  Coal  gas  gives  coke,  coal  tar,  ammonia,  cyanogen,  spent 
oxide  and  retort  carbon.  Water  gas  has  only  one,  the  tar,  while  the  all-oil 
gas  of  the  Pacific  Coast  yields  lampblack.  Hntsch  gas  furnishes  a  small 
quantity  of  tar  and  condensate  that  is  separated  during  the  compression. 

The  retort  coke  is  usually  crushed,  the  breeze  or  fine  dust  removed 
and  the  crushed  product  separated  into  several  sizes  for  sale.    The  breeze 
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is  usually  burned  at  the  plant  as  boiler  fuel  either  alone  on  speciaJIy 
constructed  grates  with  forced  diaft  or  mixed  with  coal,  or  sold  as  filtering 
material.  The  greater  portion  of  the  coke  is  used  by  bakers  or  for  other 
purposes  where  a  quick  high  heat  is  required.  Owing  to  its  small  size, 
high  sulphur  and  volatile  content  and  low  crushing  strength  it  has  not 
been  used  for  foundry  purposes  to  any  great  extent. 

The  lampblack  is  allowed  to  drain  and  air  dry  and  may  be  used  directTy 
as  boUer  fud,  but  successful  results  have  lately  been  obtained  by  briquet- 
ting  the  dried  material,  there  being  sufficient  tar  present  to  act  as  a 
binder. 

The  retort  carbon  is  sold  as  such  and  is  used  in  the  manufacture 
of  arc  and  battery  carbons,  diy  batteries  and  other  purposes  requiring  a 
hard,  dense  form  of  carbon. 

The  various  tars  are  generally  scdd  to  tar  distillers  after  lemovii^ 
as  much  as  possible  of  the  water  with  which  they  are  always  mixed  in  the 
process  of  recovery,  only  a  few  of  t^e  larger  works  attempting  to  refine 
their  tar.  In  many  of  the  smaller  plants  and  where  freight  rates  are 
unfavorable  or  other  conditions  do  not  admit  shipping  the  crude  tar 
to  a  distiller,  the  tar  is  burned  as  fuel  under  the  benches  or  boilere.  The 
taiB  will  range  from  15,000  to  18,000  B.T.U.  in  heating  value  per  pound. 

The  Recoveiy  of  Crude  Benzols.  The  enormous  and  insistent  demand 
for  benzol  and  toluol  as  raw  materials  for  the  manufacture  of  explosives 
during  the  past  three  years  has  resulted  in  a  great  increase  in  the  recoveiy 
of  these  products  from  both  coke  oven  and  illuminating  gas. 

The  following  figures  give  an  idea  of  the  estimated  increase  in  the 
{voduction  of  benzol  and  toluol  during  the  last  four  years; 
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OalloDi.  QaltoDi.  GkUoDi. 

Beosol 4,000,000  8,500,000  30,000,000 

Toluol 850,000  2,500,000  12,000,000 

While  the  recovery  of  crude  bensol  from  by-product  ovens  has  been 
a  standard  practice  for  many  years  yet  it  is  only  within  the  past  three 
yeaia  that  commercial  conditions  have  been  such  that  this  could  be  done 
with  illuminating  gas. 

This  has  been  due  to  the  fact  that  until  very  recently  the  greater  part 
of  the  illuminating  gas  was  produced  under  regulations  requiring  a  high 
illuminating  value  and  that  in  removing  the  crude  benzol  from  say  a  coal 
gas;  the  illuminating  value  would  be  reduced  from  12  to  13  candle-power 
to  3  or  4,  or  a  decrease  of  68  per  cent;  the  heating  value  would  be  reduced 
from  610  B.T.U.  to  570  B.T.U.,  or  only  6.5  per  cent. 

In  the  summer  of  1917  some  dozen  plants  were  in  operation  recoverii^ 
toluol  from  both  coal  and  carburetted  water  gas,  while  it  is  highly  probable 
that  within  another  six  months  all  of  the  lai^r  gas  plants  will  have 
installed  recovery  apparatus. 

The  amounts  and  relative  proportions  of  the  condensible  hydrocarbons 
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The  highest  commercial  efficiency  of  extraction  ie  between  U  to  95 
per  cent,  while  average  working  will  probably  not  exceed  90  per  cent. 

From  some  work  done  on  carbonated  water  gaa  the  following  table 
gives  the  relative  amounts  of  wash  oil  required  ivith  the  gas  at  varying 
temperatures  for  the  extraction  96  per  cent  of  the  tohieoe  preunt: 
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TnapmWn  RabtiTe  Qnuktity 

girOa^  ol  Oil  Required, 

*F.  OtUwupOTlOOaou.it. 

70  4.0 

80  6,2 

00  8.0 

100  9.1 

110  10.1 

Id  this  cotmectioD  it  should  be  remembered  that  the  efficiency  of  extrao- 
tioa  will  vary  with  the  di£FereDt  hydrDcarbons,  as  at  somewhat  elevated 
temperatures  it  is  poeaible  to  secure  a  relatively  high  extraction  of  toluol 
where  this  is  the  product  desired,  while  the  extraction  of  benzol  will  be 
eon^iderably  lower. 

Some  typical  experiments  give  the  following  results: 


PatCoU. 
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The  wash  oil  uaed  is  generaUy  a  high-boiling  petroleum  oil  known  aa 
"  absorbent  "  or  "  &traw  oil."  The  following  epedficatiqps  will  furnish 
a  veiy  satisfactoiy  material: 

Gravity  at  60°  P.,  34°  to  36°  B. 

Flash-point  open  cup  not  less  than  275°  F. 

Viscooity  Saybdt  at  100°  F.  not  over  70. 

Pour  test  not  over  30°  F. 

Steam  distillation  not  over  1  per  cent. 

Loss  (HI  washing  with  100  per  cent  H3SO4  not  over  10  per  cent. 

In  England  creosote  oil  is  used  to  some  extent ;  it  should  have  a  gravity 
at  60°  F.  ot  1.04  and  at  least  90  per  cent  should  distill  between  200°  and 
300°  C. 

The  oil  should  not  contain  over  5  per  cent  naphthalene. 

The  petroleum  oils  are  generally  more  satisfactory,  as  they  are  lees 
likely  to  form  emulsions  with  water  and  they  appear  to  give  up  the  ab- 
sorbed light  <h18  more  readOy  in  the  steam  distillation. 

The  recovery  apparatus  is  usually  installed  in  coat^ias  plants  after  the 
ammonia  washers  where  the  gas  has  already  been  cooled  and  the  tempera- 
ture for  the  highest  extraction  is  rarely  allowed  to  exceed  75°  F.  In  water- 
gas  plants  it  is  usually  installed  after  the  purifiers. 

While  the  main  features  of  the  recovery  apparatus  is  the  same  in  nearly 
aU  the  modem  systems  there  are  a  number  of  minor  points  of  difference, 
prindpally  in  design. 

As  an  example,  for  illustration,  a  Koppers  recovery  plant  is  illustrated 
in  Fig.  235,  while  Figs.  236  and  237  give  some  views  of  apparatus  in- 
stalled. 

Here  the  gas  is  brought  into  contact  with  the  wash  oil  in  two  tall  towers 
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filled  with  layers  of  boards  on  edge  in  order  to  break  up  the  gas  stream  and 
to  expose  the  maximum  surface  of  oil  to  the  gas.  The  oil  is  sprayed  down 
the  towers  gainst  the  rising  stream  of  gas.  Separators  similar  to  steam 
separators  in  the  gas  outlet  pipes  prevent  the  loss  of  wash  oil  in  the  form 
of  the  mist  or  spray  while  the  bottom  of  the  towers  and  external  separators 
similar  to  Fig.  215  remove  any  water  that  is  deposited  out  from  the  gas. 
The  wash  oil  now  contains  from  2.5  to  3.0  per  cent  of  crude  bensol  and  is 
at  a  temperature  of  say  75°  F. 

It  then  passes  to  a  vapor  to  oil  heat  exchanger  where  it  is  heated  to 
150"  F.  by  the  latent  heat  of  the  vapors  from  the  debenzolizing  still,  then 
through  an  oil  to  oil  heat  exchanger  where  it  is  heated  to  220°  F.  by  the 
hot  wash  oil  from  the  bottom  of  the  still,  hence  to  the  steam  preheater 
where  high-preeaure  steam  is  used  to  bring  the  temperatures  up  to  270° 
to  290°  F. 

It  ia  essential  that  the  oil  be  brought  to  a  high  temperature  before  it 
enters  the  still.  The  hot  oil  now  passes  down  the  column  of  the  deben- 
zolizing still.  This  is  composed  of  cast^-iron  sections  of  the  same  general 
principle  as  that  shown  in  detail  in  Fig.  236,  but  having  somewhat  larger 
run-back  passages. 

Usually  there  are  8  or  10  sections  at  the  top  of  the  colimm  of  a  smaller 
sectional  are»^han  the  14  to  18  sections  at  the  bottom  through  which  the 
oil  flows.  At  the  base  of  the  column  is  a  spray  through  which  live  steam 
is  introduced  in  amount  equal  to  70  to  100  per  cent  of  the  volume  of  crude 
benzols  distilled  out. 

As  the  steam  rises  through  the  current  of  descending  hot  oil  the  low- 
boiling  vapors  in  conformity  with  well-known  physical  laws  are  liberated 
and  rise  through  the  column,  thus  thoroughly  scrubbing  the  incoming  oil 
and  depositing  in  the  upper  sections  the  considerable  quantity  of  the 
wash  oil  that  is  carried  forward  mechanically.  A  certain  amount  of  the 
wash  oil,  however,  comes  over  with  the  crude  benzols  and  may  run  as 
high  as  20  per  cent  by  volume,  although  good  working  condition  will  reduce 
this  to  from  3  to  8  per  cent. 

The  vapors  then  pass  to  the  vapor  oil  heat  exchanger,  where  they  give 
up  most  of  their  latent  heat  to  the  incoming  benzolized  wash  oil,  then  to 
condensers,  and  finally  to  a  separator  to  remove  the  condensed  steam  and 
to  the  storage  tanks. 

The  debenzolized  wash  oil  leaves  the  base  of  the  colimin  at  about  240°F. 
and  passes  through  the  oil  to  oil  heat  exchanger,  thus  heating  the  incoming 
benzolized  wash  oil  and  coohng  to  about  170°  F.;  from  here  it  passes  to  the 
coolers  which  are  usually  of  the  ammonia  tjrpe  where  it  is  cooled  to  75°  P., 
and  then  passes  to  the  debenzolized  wash  oil  tank  and  is  ready  to  commence 
tive  c^cle  again. 

In  other  systems  the  tower  scrubbera  are  replaced  with  mechanical 
scrubbers,  or  in  one  system  with  a  column  similar  to  that  used  in  the 
debenzolizing  still. 
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In  the  various  fonnB  of  heat  exchangers  there  is  a  confliderable  diversity 
in  de^gQ,  as  the  amount  of  heat  put  into  the  oil  is  rather  lai^  and  theo- 
retically, since  all  the  products  except  the  hve  steam  pass  through  a  com- 
plete cycle,  it  should  be  nearly  all  recoverable.  Considerable  care  has  been 
used  in  an  endeavor  to  reduce  the  steam  and  water  required  to  a  minimum. 

The  rate  of  heat  transmission  between  oil  and  oil  is  rather  low,  so  that 
skillful  design  is  required  to  avoid  the  use  of  excessive  areas  of  transmitting 
surface. 

There  are  a  number  of  variations  in  the  design  of  the  debenzolizing 
(xdumns,  but  these  are  principally  in  the  shape  and  distribution  of  the 
vapor  caps  and  in  the  location  of  the  hquid  run  backs. 

Tlie  oil  coolers  are  usually  of  the  well-known  ammonia  type. 

The  oil  superheaters  vary  considerably  from  the  straight-tube  condense 
type  with  the  steam  in  the  tubes  to  modifications  of  the  feed-water  heater 
with  coiled  tubea  and  the  steam  passing  around  the  tubes.  On  account  of 
the  viscosity  of  the  scrubbing  oil  and  the  evolution  of  considerable  vapor  it 
is  not  considered  the  best  practice  to  pass  the  oil  through  the  tubea. 

In  some  of  the  smaller  plants  the  usual  type  of  solid  plunger  steam 
reciprocating  pump  is  used,  but  ia  the  larger  plants  rotary  pumps  either 
with  individual  electric  drive  or  belted  to  a  common  coimter  shaft  to 
insure  relative  uniformity  of  operation  are  generally  used. 

In  the  operation  of  recovery  apparatus  the  quantity  of  recoverable 
hydrocarbons  present,  the  gas  temperature  and  the  efficiency  of  recovery 
de^red  are  determining  factors. 

In  coke-oven  plants  where  complete  recovery  is  aimed  at  the  toipera- 
turesara.usually  held  below  75°C., and  sufficient  wash  oil  to  yield  saturation 
of  the  benzolized  oil  of  not  over  2^  per  cent,  i.e.,  at  2.0  gallons  of  Ught  oil 
per  ton  of  coal  and  10.800  cu.ft.  per  ton  this  would  mean  7.22  gallons  of 
waab  oil  per  1000  cu.ft.  with  higher  temperatures  and  greater  quantities 
(rf  light  <hIs  present,  the  wash  oil  used  may  run  up  to  14  to  16  gallons  per 
1000  cu.ft.  In  scrubbing  illuminating  gas 'for  the  primary  purpose  of 
removing  toluol  much  higher  saturations  of  the  wash  oil  are  used,  as  this 
white  it  decreases  the  efficiency  of  benzol  removal  does  not  affect  the  toluol 
removal  seriously  and  greatly  decreases  the  amount  of  wash  oil  required  for 
circulation  with  the  resulting  decreased  consumption  of  steam  power  and 
cooling  water. 

The  practically  complete  ehmination  of  the  light  oil  from  the  benzohsed 
oil  is  important  in  securing  high  recovery  (efficiencies.  To  a  great  extent 
this  is  secured  by  a  uniformly  high  temperature  of  the  oil  entering  the 
debenzolizing  column.  It  is  difficult  to  secure  complete  elimination  of 
light  oil  with  a  temperature  less  than  220°  F.,  and  this  will  reouire  consider^ 
ably  more  live  steam  than  where  the  oil  is  from  240°  to  280°  F.,  at  the 
temperatures  the  recovery  is  complete  and  the  whole  operation  is  much 
more  smooth  and  uniform.  The  hve  steam  required  varies  from  70  to 
100  per  cent  by  volume  <rf  the  hght  oil  produced. 
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Some  tyjHcal  analysis  of  light  oil  from  different  gasea  are  as  follows: 


Horiiantd  Rclort 

P«  ce": 

Coke  Oven. 
Per  Cent. 

Water  Gh. 
Percent, 

Beniene 

55 

■15 

12    • 
13 
5 

60 
14 

S 

10 
8 

Bolvent  naphthft 

Other  HydrocaxbonB 

9 

27 

■■"("■; 

The  percentage  of  wash  oil  carried  over  with  the  light  oil  will  depend 
upon  whether  a  dephlegmatorisused  on  the  debenzolizing  still  and  upon  the 
amount  of  live  steam  used.  With  a  normal  amoimt  of  live  steam  and  a 
dephlegmator  it  can  be  held  down  to  from  2  to  5  per  cent  while  without  a 
dephl^mator  and  excessive  steam  it  may  rise  to  12  to  15  per  cent  or  even 
higher. 

In  the  majority  of  recovery  plants  the  light  oil  is  sold  as  such  to  refining 
plants  where  it  is  worked  up  for  benzol,  toluol,  solvent  naphtha,  etc.,  as 
described  in  Chapter  XXI.  In  some  of  the  larger  plants  recovering 
light  oil  from  illuminating  gae  the  light  oil  is  fractionated  in  a  steam  column 
BtiU  similar  to  that  shown  in  Fig.  242,  Chapter  XXI,  into  a  crude  benzol, 
a  crude  toluol,  a  crude  solvent  fraction  and  the  wash  oil  recovered  and  re- 
turned to  the  system. 

Some  typical  analyses  of  these  crude  fractions  would  be  as  follows: 


Crude  BcnioE. 
P«-  Cent. 

Crude  Toluol. 
Per  Cent, 

Crude  BolvMit. 

Reeidue  Oil, 

Bentol 

75.5 
2-2 
.6 
2.0 

18.7 
1.0 

3.5 
81,2 
,3-9 
1.9 
7.6 
1.8 

.0 
3.9 
39.5 
15.4 
43.0 
1.2 

03 

The  crude  benzol  may  be  returned  to  the  gas  vaporizing  it  with  steam 
where  the  illuqunating  standard  is  in  force.  The  crude  toluol  is  sold  as 
such  and  the  crude  solvent  may  be  sold  or  in  the  case  of  carburetted  water 
gas  plants  it  may  be  used  in  the  apparatus  in  place  of  gas  oil.  With 
proper  heat  control  a  large  proportion  of  the  solvent  naphtha  is  converted 
into  toluene  which  is  subsequently  recovered. 

The  refined  benzol  and  toluene  produc'ed  from  hght  oil  recovered  fnsa 
coke  oven  gas  is  practically  free  from  parailin  hydrocarbons,  but  where  the 
light  oil  is  recovered  from  illuminating  gas  under  certain  conditions 
considerable  quantities  of  paraffin  or  cyclical  paraffin  hydrocarbon  may  be 
present  in  the  refined  toluene,  the  benzol  apparently  being  practically 
free. 

D,uMZK;l;,V.OOglC 


ILLUMINATING  GAS  549 

This  formation  of  a  paraffin  of  a  low  gravity  ia  apparently  due  to 
certun  coala  and  oils  and  to  the  beat  treatment  they  are  eubjected  to. 

In  horizontal  retorts  practically  no  trouble  is  found  except  where 
cannel  coal  is  used  as  an  enricher  although  the  crude  light  oil  may  cmtaiD 
as  much  as  2  per  cent  paraffin  hydrocarbon. 

In  vertical  retorts  practically  when  completely  filled  the  light  oil  may 
contain  as  high  as  13  per  cent  of  paraffin  hydrocarbons.  Experiments 
have  indicated  that  this  can  be  reduced  by  lowering  the  chaises  and  in- 
creasing the  carbonizing  temperatures. 

With  carburetted  water  gas  certain  oils  give  practically  no  trouble  under 
ordinaiy  operating  conditions  while  other  oils  require  an  increased  fixing 
temperature  (from  100°  to  150°  F.)  to  reduce  the  paraffin  content  to  a 
point  where  it  will  not  give  trouble  in  nitration. 

There  are  certain  crils,  however,  that  do  not  seem  to  yield  to  any  com- 
mercially practicable  variation  in  the  heat  treatment,  and  will  yield  refined 
toluene,  boihng  within  lees  than  2°  F.,  that  will  contain'  as  high  as  5  p«' 
cent  of  unnitrifiable  hydrocarbons. 

These  are  shown  by  the  abnormally  low  specific  gravity.  A  pure  tol- 
uene will  have  a  specific  gravity  at  60"  F.  of  about  .8710. 

These  non-nitrifiable  hydrocarbons  have  a  gravity  ranging  fnnn  ,71 
to  .75  so  that  their  presence  is  readily  detected  by  low  specific  gravity, 
as,  for  instance,  a  toluene  .having  a  specific  gravity  of  .864  would  contain 
approximately  5  per  cent  of  non-nitrifiable  or  paraffin  hydrocarbons. 

Investigation  of  these  hydrocarbons  has  indicated  that  they  are  prob- 
ably a  miicture  of  octanes  and  nonanes  with  some  cyclical  parafiins  which 
seem  to  form  constant  bdling  mixtures  with  toluene. 

Owing  to  the  small  amount  of  cyanogen  present  in  coal  gas  and  the 
variation  and  technical  control  involved  in  the  operation  of  recovery  plants 
but  few  gas  plants  have  installed  a  recovery  plant  for  cyanogen  compounds. 
There  are  several  processes  in  use.  One  involves  scrubbing  the  gas  after 
the  removal  of  the  tar  and  naphthalene  with  a  sludge  of  ferrous  carbonate 
in  a  solution  of  soda  ash  this  yields  a  crude  solution  of  sodium  ferrous 
cyanide  and  ammonia,  that  is  usually  sold  in  the  crude  state  and  the 
fermed  solution  containing  J  to  1  lb.  of  ferro  cyanide  of  sodium  per  g^loD. 

Another  system  involves  washing  the  gas  with  ammonia  liquor  contain- 
ing sulphur,  this  forms  an  ammonium  polysulphide  which  reacts  with  the 
gaa  to  form  ammonia  sulpho  cyanide.  This  method  has  been  modified 
by  Williams  within  the  last  few  years.  The  gas  is  scrubbed  in  ordinary 
castriron  purifying  boxes  filled  with  spent  oxide,  which  furnishes  the  neces- 
sary sulphur,  and  a  strong  anunonia  liquor  is  sprayed  over  the  oxide  to 
keep  it  well  saturated.  This  system  is  claimed  to  give  a  very  high  per- 
centage of  extraction — from90to05per  cent,  and  produces  a  solution  carry- 
ing about  2  lbs.  of  ammonia  sulpho  cyanide  and  6  per  cent  of  ammonia. 
These  systems,  while  they  are  quite  generally  used  in  England,  have  not 
been  generally  adopted  here. 
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Two  of  the  largest  plants  in  tluB  country  practicing  cyanogen  recovery 
use  the  system  in  which  the  ga£  is  scrubbed  before  the  removal  of  ammonia 
with  a  solution  of  ferrous  sulphate.  The  ammonia  and  hydrogen  sulphide 
of  the  gaa  form  ferrous  sulphide  and  ammonium  sulphate;  this  reacta  with 
a  further  portion  of  the  ammonia  and  the  cyan<^n,  fotming  an  insoluble 
double  ferro  cyanide  of  anunonia  and  iron  (NH4)zFe3{CN)e.  A  portion 
of  this  salt,  however,  is  partially  decomposed  by  the  aminonia  and  H3S 
in  the  gas  into  anunonimn  ferro  cyanide  and  ferro  sulphide. 
F^.  238  gives  an  outline  of  this  process. 

Tlie  mud  which  is  formed  in  the  reaction  is  boiled,  which  converts  the 
soluble  ferro  cyanide  in  the  pretence  of  ferrous  sulphide  into  the  insoluble 
double  salt.  This  is  then  neutralized  with  sulphuric  acid  and  filtered. 
The  resulting  sludge  or  mud  is  sold  as  such  to  the  manufacturers  of  cyanide 
c<mipounds  and  the  ammonium  sulphate  solution  is  evaporated  to  crystal- 
lization. 

In  tJie  practical  operation  of  the  plant  the  gas  is  scrubbed  with  a 
rotaiy  or  Feld  type  washer  with  a  copperas  solution  of  about  27  per  cent. 
The  mud  or  sludge  as  it  passes  from  the  scrubber  has  a  specific  gravity  about 
1.2  per  cent,  contains  about  5  per  cent  of  cyanogen  and  6}  per  cent  of 
ammonia.  The  sludge  is  then  heated  in  a  small  still  to  drive  off  a  posi- 
tion of  the  ammonia  which  is  recovered  as  strong  anmionia  liquor,  and  it 
then  passes  through  the  lead-lined  neutralization  tanks  provided  with 
agitators  where  it  is  neutralized  with  sulphuric  acid  and  heated  just  short 
of  boiling.  A  sfight  excess  of  acid  is  carried  and  the  neutralized  solution  is 
tested  for  the  presence  of  ferro  cyanide.  If  this  is  shown  to  be  present 
copperas  is  added  to  precipitate  it.  The  neutralized  sludge  is  now  pumped 
into  the  filter  press,  and  the  bulk  of  the  ammonium  sulphate  recovered. 

This  preliminary  cake  is  then  broken  up  and  washed  with  water  in  s 
tank  and  again  filter  pressed,  yielding  the  finished  cake,  having  about  the 
following  composition: 

Moisture 50% 

Insoluble  double  ammonium  ferro  cyanide. ...  37 

Tar,  naphthalene,  sulphur 1 

Ammonium  sulphate 9 

Iron  sulphate 1.4 

Undetermined 1 

Tlie  solution  of  ammonium  sulphate  is  treated  with  strong  ammonia 
liquor  to  precipitate  the  excess  iron,  after  saturation  and  filtration  is  evapo- 
rated and  is  steam  heated  in  lead  evaporators,  the  ammonium  sulphate 
crystallizes  out  and  is  freed  from  the  bulk  of  the  moisture  in  s  centrifugal, 
and  dried  in  a  small  rotary  drier.    A  typical  analysis  of  ttie  sulphate: 

Ammonia 25.3% 

Moisture 0.3% 

Freed  add 08% 
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The  operation  of  the  plaot  requires  considerable  technical  control  as  the 
quantity  of  cyanogen  in  the  gae  varies  considerably  from  time  to  time. 
Tests  indicating  from  110  grains  to  140  grains.  To  Bome  extent  this  is 
infiuenced  by  the  temperature  used  in  condensation,  as  witJi  the  lower 
temperatures  the  greater  amount  of  ammonia  liquor  condenses  which 
takes  out  some  of  the  cyanogen.  The  jield  of  cyanogen  calculated  aa 
PrussiaQ  blue  varies  from  2,2  to  2.8  lbs.  per  ton  of  coal  and  the  ammonium 
sulphate  from  3.0  to  3.6  per  ton.  In  connection  with  the  operation  of  the 
plant  it  appears  that  the  total  yield  of  ammonia  is  somewhat  less  than  where 
aU  of  the  ammonia  is  extracted  as  hquor.  This  is  not  surprising  consider- 
ing the  necessary  handhng. 

The  ammonia  which  is  recovered  as  condensate  and  as  a  weak  liquor 
in  the  ammonia  scrubbers  will  average  from  1  to  2  per  cent  by  weight  and 
exists  principally  as  an  acid  carbonate  and  chloride  together  with  small 
quantities  of  a  number  of  other  ammonia  compounds. 

The  following  analyses  will  indicate  the  composition  of  several  samples 
of  ammonia  liquor: 


ANALYSES  OP  CONCENTRATED  AMMONIA  LIQUOR 


Total  Ammonia, 

"S.B"?i?5,';r 

Verlieat  RetorU. 
14,SS  Pr  Cent. 

NH4HS         : 

Per  Cent  by  Weight. 
1.84 

29.50 
10,72 
1,36 
.14 
2.10 
.65 

Percent  by  Woiaht. 

NH.C1 

NHiCNS.           

5-30 

(NH,)^, 

(NH,),S,0, 

.15 

.37 

In  many  plants  the  weak  liquor  is  sold  as  such  to  manufacturers  of 
ammonium  products,  but  in  order  to  make  the  material  more  convenient  to 
handle  and  to  save  storage  space  and  save  freight,  the  weak  liquor  is  gen* 
erally  concentrated  up  to  a  strength  of  from  10  to  15  per  cent.  This  is  done 
in  ammonia  stills.  These  consist  essentially  of  the  free  ammonium  still 
where  the  Uquor  freed  from  volatile  salts  is  treated  with  milk  of  lime  and 
the  heating  continued  to  ehminate  the  last  traces  of  fixed  ammonium 
compounds. 

The  ammonia  gas  and  steam  is  driven  off  through  the  towers  somewhat 
similar  to  the  dephlegmator  towers  in  use  in  the  distillation  of  benzol, 
etc.,  and  then  passes  to  a  water-cooled  condenser  where  the  concentrated 
aimnonia  is  collected.  In  the  practical  operation  of  the  plant  the  liquor 
is  analyzed  for  the  proportion  of  free  and  fixed  salts  and  whether  a  proper 
amount  of  milk  of  lime  is  added.  Considerable  care  and  experience  are 
necessary  in  the  operation  of  the  stills  in  order  to  insure  that  all  of  the 
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ammonia  is  driven  out  and  this  involves  daily  analyses  of  the  waste  liquor 
from  the  stills. 

The  manufacture  of  airmonia  sulphate  by  the  direct  process  has 
aheady  been  touched  on.  In  the  indirect  process  the  operation  is  practi- 
cally a  combination  of  the  concentrating  apparatus  as  far  as  the  stills  are 
concerned  where  the  liquor  is  freed  from  the  ammonia  the  vapors  instead 
of  being  condensed  to  a  concentrated  liquor  are  passed  into  the  lead-lined 
saturator  box  where  they  are  brought  in  contact  with  the  sulphuric  acid. 

The  ammonium  sulphate  as  it  forms  in  the  saturator  is  fished  out, 
allowed  todrain,and  is  usually  freed  from  excess  moisture  in  the  centrifugal. 
The  manufacture  of  ammonium  sulphate  is  confined  almost  entirely  to 
the  coke  ovens. 

The  spent  oxide  from  coal  gas  plantB  where  the  cyanogen  is  not 
extracted  will  contain  practically  all  the  cyanc^en  from  the  gas  as  Prus- 
sian blue  tt^ther  with  some  ammonium  salts.  In  the  ordinary  oxide 
the  Prussian  blue  will  range  from  7  to  13  per  cent;  it  thus  becomes  avail- 
able as  a  source  of  cyanogen  and  is  sold  as  such.  The  presence  of  the  tar, 
which  is  always  present,  has  so  far  prevented  the  commercial  recovery 
of  the  sulphur  for  use  in  the  manufacture  of  sulphuric  acid. 

The  further  utiUzation  of  the  tar  is  taken  up  in  another  chapter  and 
the  ammonia  and  cyanogen  under  "  Commercial  Chemicals,"  to  which 
reference  is  made. 
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CHAPTER  XXI 

COAL  TAR  AND  ITS  DISTILLATION  PRODUCTS 

F.  E.  DODGE, 

The  Barrett  Co.,  ffew  York 

Coal  Tar.  This  is  tlie  black,  foul-smelling,  oily  mixture  which 
Eeparates  from  the  gases  formed  in  the  destnicUve  distillation  of  coal. 
The  raw  tar  is  composed  of  light  oils,  pyridine  bases,  phenols,  naphth&lene, 
anthracene,  heavy  oils,  pitch,  complex  organic  compoundB  insoluble  in 
benzene,  and  known  as  free  carbon,  water,  ammonia,  and  dissolved 
constituents  of  the  gas.  As  there  is  little  prospect  that  the  principal 
object  of  the  destructive  distillation  of  coal  will  be  the  production  of 
tar,  there  has  been  httle  research  upon  the  conditions  necessary  to  pro- 
duce tars  of  the  most  defflratle  properties.  It  varies  greatly  in  compo- 
sition and  may  be  divided  into  retort  gas  tar  and  oven  gas  tar,  according 
to  its  method  of  production. 

Mr.  Lewis  T.  Wright,  F.C.S.,  has  made  some  study  of  the  effect  of 
variations  in  the  carbonizing  temperature  upon  a  caking  coal  in  ordinary 
gas  retorts  and  ^ves  the  following  interesting  table  of  the  results: 


600' C 

MO-C 

700°  C 

7»'C 

800°  C 

Cubic  feet  of  gaa  per  ton  of  coal 

6,600 

7,200 

8,900 

10,162 

11,700 

Speciec  gravity  of  the  tar 

1.086 

1,120 

1.140 

1.154 

1.206 

CompoBition  of  the  tar  per- 
cental by  wei^t: 

1.20 
9.17 
10.50 
26-46 
20.32 
28,89 

1.03 
0.65 
7.46 
25.83 
15.57 
36,80 

1.04 
3.73 
4.47 
27.29 
18.13 
41.80 

1.05 
3.45 
2.59 
27.33 
13.77 
47.67 

Light  oil                .    . 

Rtch 

Total 

96.53 

96.34 

96.46 

95,86 

This  shows  not  only  the  increased  yield  of  gas  with  the  increase  in  tem- 
perature but  also  the  loss  of  the  valuable  light  constituents  of  the  tar 
and  the  increase  in  bitumens. 
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At  600°  C.  the  compoEution  of  the  tar  approximatea  that  obt^oed 
from  by-product  coke  ovens  and  at  800°  C.  that  obtained  in  modem  retort 
house  practice. 

Retort  Gas  Tar.  This  tar  is  obtained  as  a  condensation  product 
in  the  hydraulic  mains,  scnibbers,  or  condensers,  in  the  manufacture 
of  coal  gas  for  illuminating  purposes.  It  is  less  fluid  and  contains  less 
of  the  lighter  hydrocarbons,  more  naphthalene,  anthracene  and  their 
accompanying  oils,  and  more  free  carbon  than  tars  from  some  other 
sourcea.  The  compt^ition  varies  with  the  heats  and  coals  employed. 
The  lower  the  carbonizatioa  temperature  of  any  co^  the  more  fluid 
the  tar  and  the  lower  the  free  carbon  content. 

The  specific  gravity  of  the  dry  (water-free)  tar  varies  from  1. 10  to 
1.25  or  even  somewhat  higher. 

It  contuns  from  IS  to  40  per  cent  of  free  carbon  and  yields  on  dis- 
Ullation  from  I  to  5  per  cent  of  light  oil  to  about  200°  C,  30  to 
50  per  cent  heavy  oil,  including  naphthalene,  anthracene,  phenols,  and 
accompanying  oils,  from  200°  C.  to  the  coking  temperature,  and  from 
45  to  65  per  cent  coke;  or  if  distilled  to  pitch  the  yield  would  be  light 
oil  1  to  5  per  cent,  heavy  oil  25  to  40  per  cent,  and  pitch  50  to  75  per 
cent. 

Oven  Gas  Tar.  This  material  is  obtamed  as  a  by-product  in  the 
distillation  of  coal  in  retort  coke  ovens.  It  is  similar  to  retort  gas  tar, 
except  that  it  is  more  Quid.  It  contains  more  of  the  hydrocarbons,  and 
considerably  less  free  carbon,  which  latter  usually  nms  from  5  to  20  per 
c«it. 

The  composition  of  course  changes  with  the  coal,  with  type  of  oven, 
and  with  the  coking  temperature. 

Producer  Gas  Tar.  Owing  to  the  method  of  production  usually 
consists  of  large  percentages  of  water  and  free  carbon  together  with  a 
very  small  amount  of  oils  and  yields,  when  distilled  a  very  friable  pitch 
entirely  unsuitable  for  the  purposes  for  which  pitch  is  made  and  therefore 
of  no  commercial  ifiaportance. 

Blast  Furnace  Tar.  Is  essentially  a  low  heat  tar,  being  produced  in 
blast  furnaces  fed  with  coal  instead  of  coke  and  the  gases  hberated  from  the 
coal  come  in  contact  with  a  cooler  zone  as  soon  as  formed.  It  usually 
has  a  specific  cavity  between  0.04  and  1.000  and  contains  more  phenoloid 
and  basic  substances  than  ordinary  coal  tar.  These  phenoloid  substances 
resemble  those  obtained  from  the  destructive  distillation  of  wood  and 
lignite  and  amount  to  from  5  to  10  per  cent  of  the  tar,  while  1  to  2  per  ■ 
cent  is  the  usual  amount  in  ordinary  coal  tar. 

It  also  contains  from  2  to  5  per  cent  of  ba^c  bodies  and  about  16  per 
cent  of  paraffin  oils  which  solidify  on  cooling.  These  tars  are  entirely 
different  from  the  ordinary  coal  tar  and  not  suited  for  the  same  purposes. 

Water  Gas  Tar.  From  the  manufacture  of  carburetted  water  gas 
for  illuminating  purposes,  the  tar  obtained  differs  mainly  from  coal  tar 

D,uMZK;l;,V.OOglC 


556 


INDUSTRIAL  CHEMISTRY 


in  the  entire  absence  of  tar  acide  (the  phenol  group),  ammoniacal  liquor, 
and  in  the  small  amount  of  free  carbon  present,  which  is  usually  less 
than  2  per  cent  in  these  tare. 

The  specific  gravity  varies  from  1.005  to  1.15,  but  is  usually  between 
1.03  and  1.12  in  tars  from  the  larger  and  more  carefully  supervised  works. 

Dry  water  gas  tar,  when  distilled,  yields  from  5  to  15  per  cent  erf 
light  oil  to  200°  C,  30  to  50  per  cent  of  heavy  oil  from  200°  C,  to  pitch, 
and  35  to  60  per  cent  of  pitch. 

Pintsch  or  Oil  Gas  Tar.  Tliis  comes  from  the  manufacture  of  oil 
gas  used  for  nulway  lighting.  It  is  similar  to  water  gas  tar,  but  some- 
times contains  much  larger  amounts  of  free  carbon,  frequently  25  to  30 
per  cent,  or  even  more, 

Application  ot  Tar.  Tar  is  little  used  in  ihe  crude  state,  but  is  refined 
by  removing  the  water  and  more  or  less  oil  by  distillation.    In  this 


FlQ.  239.— European  Tar  StOl. 

condition  it  is  used  to  saturate  roofing  felt,  to  coat  roofs  laid  with  plain 
tar  felt,  as  a  cheap  paint,  and  to  coat  wood  which  is  to  be  buried  in 
the  ground.  With  more  oil  removed  it  is  used  as  a  binder  in  asphalt 
pavements  and  tar-macadam  roads.  With  an  admixture  of  water,  it  is 
used  to  sprinkle  Telford  and  Macadam  roads  to  prevent  dust. 

Tars  are  separated  into  their  valuable  constituents  by  distUlaUon. 
The  stills,  Kgs.  239  and  240,  may  be  either  horizontal  or  vertical  cylinders 
set  in  brick  work  and  heated  by  direct  fire  similar  to  steam  boilers. 
Stills  vary  in  size  and  in  design.  Those  with  a  capacity  of  10,000  gallons 
are  not  uncommon,  but  most  stills  have  less  than  half  this  capacity.  The 
European  practice  is  to  use  vertical  stills  with  convex  top  and  concave 
bottoms. 

The  top  and  sides  are  constructed  of  half-inch  boiler  plate,  while 
the  bottoms  are  frequently  from  1  to  1}  ins.  in  thickness  and  are 
protected  from  the  direct  heat  of  the  fire  by  a  brick  arch.  The  hot 
gases  from  the  fire  are  led  around  the  lower  half  of  the  still  in  Sues. 
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Tbe  American  practice  is  to  use  horizootal  stills  he&ted  od  slightly 
leas  than  half  of  their  cylindrical  surface  protected  by  an  arch  directly 
over  the  fire  and  so  designed  that  the  portion  of  the  shell  heated  may 
be  readily  replaced  vhen  damaged.    Tbe  still  is  equipped  with  the 


usual  worm,  which  may  be  made  of  either  cast-  or  wroi^ht^ron  pipe 
with  receivers,  and  with  a  pitch  cooler.  The  objections  to  cast-iron 
worms  are  their  numerous  joints  and  greater  weight.  Since  the  develop- 
ment of  electric  weldii^  wrought-iron  worms  may  be  made  of  any  desired 
length  with  no  joints  to    give  trouble.     Where  high-carbon  tars  are 
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worked,  stillB  must  be  provided  with  suitable  means  of  agitating  to  prAvfent 
the  carbon  becoming  caked  upon  the  heated  part  of  the  shell.  Dxag 
chains  were  formerly  employed  for  this  purpose,  but  compressed  air  or 
superheated  steam  are  now  more  often  used,  as  they  serve  to  keep  the 
still  clean  and  assist  in  removing  the  high -boiling  oils. 

Distillation  of  Tar.  The  operation  of  tar  stills  varies  con«derably 
at  different  wwlts.  The  receivers  are  changed  at  different  temperatures 
and  therefore  the  products  are  not  uniform.  In  America  it  is  the  more 
common  practice  to  fraction  as  light  oil  until  the  distillate  commences 
to  sink  in  water,  and  as  heavy  oil  or  creosote  oil  from  that  point 
to  pitch.  Very  little,  if  any,  anthracene  is  made  in  this  country,  as 
most  of  the  tar  is  run  only  to  soft  pitch  with  a  melting-point  between 
60  and  80°  C. 

The  European  practice  b  different.  From  four  to  six  fractions  are 
taken  before  the  pitch  and  a  very  large  percentage  of  the  tar  is  run  to 
hard  pitch.  The  following  will  show  the  most  common  fractions  and 
the  temperatures  of  the  "  cuts," 

Ambricam  Practice  Edsopean  Practice 

Light  oil,  or       1  Till  oil  sinks  in  water  First  light  oil,  or   IfollO'C 

Crude  Daphtha  /  about  200°  C,  First  runDinp       J 

^^;Z«i  }»»•'»»'•''. 

Heavy  oil,  1  ~w,i>  p  Carbolic  oil  200*  to  240'  C. 

Dead  oil,  or  \  ^„:Zh  Creosote  oil  240°  to  270°  C. 

Creosote  oil  J  ^  ^^°  Anthracene  oil  270°  to  pitch 

Pitch  Reaiduum  Pitch  Residuum 

In  the  American  refineries  during  the  last  few  yefirs,  there  has  been 
more  or  less  tendency  to  divide  the  creosote  oil  fraction  into  carbolic  oil 
and  heavy  oil  by  a  cut  at  about  240°  C  in  order  to  recover  the  tar  acids. 

The  tar  is  usually  charged  into  the  hot  still  (frem  the  previous  run). 

The  fire  is  lighted  when  the  charging  is  about  half  completed.  The 
fire  must  be  carefully  regulated  till  the  rumbling  or  crackling  noise  in 
the  still  ceases,  which  denotes  that  the  water  has  all  been  driven  over. 
The  firing  can  now  be  pushed  so  that  the  distillate  runs  at  the  rate  of 
200  to  400  gallons  per  hour.  When  the  desired  grade  of  pitch  has 
been  obtained,  the  fire  is  drawn  and  the  pitch  is  run  or  drawn  into  the 
pitch  cooler,  a  closed  tank  with  a  manhole  havii^  a  loose-fitting,  free- 
opening  lid  which,  while  it  acts  as  a  safety  valve,  prevents  free  access 
of  air.  The  pitch,  when  sufficiently  cooled,  is  filled  directly  into  barrels 
for  shipment  or  storage. 

The  fraction  to  200°  C.  contuns  water,  ammoniacal  liquor,  crude 
benzols,  pyridine  bases,  and  a  part  of  the  naphthalene,  heavy  oil  and 
phenols.  The  second  fraction  from  200°  C.  to  soft  pitch  (about  270°  C.) 
consists  of  phenols,  naphthalene,  heavy  oil  and  some  anthracene,  though 
the  greater  part  of  the  anthracene  comes  over  above  270°  C.     If  the 
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distiilstioD  is  continued  to  hard  pitch,  a  cut  could  profitably  be  made 
at  about  270°  C,  above  which  point  moat  of  the  anthracene  and  anthra^ 
cene  oil  would  be  obtained.  The  treat- 
ment (^  the  fractions  as  obtained  by  the 
American  practice  only  wilt  be  considered 
with  incidental  allusions  to  the  foreign 
methods. 

The  light  oil  fraction  is  allowed  to 
settle  and  the  ammoniacal  liquor  or  water 
is  drawn  off.     The  pyridine  bases  are  not 
as  a  rule  recovered  in  this  country,  but  are 
allowed  to  remain  in  the  heavy  oil  with 
the  phenols.    If  it  is  desired  to  separate 
them  the  light  oil  is  agitated  with  dilute 
sulphuric  acid  in  a  lead-lined   cone-bot- 
tomed tank,    fiitted  with  a  lead-covered 
propeller,  usually  supported  entirely  out-  ^ 
side  the  tank,  which  mixes  the  contents. 
After  the  pyridine  bases  have  been  re- 
moved the  oil  is  transferred  to  a  similar  ^ 
iron  tank,   in  which,   in  order  to  remove  m 
the  phenols,  it  is  treated  with  caustic  soda  "S 
solution  of  about  1.116  specific  gravity.  J 
After  the  carbolates  have  been  drawn  off,  I 
the  oil  is  chatted  in  a  still  of  2000  to  3000                                              ^ 
gallons  capacity,  similar  to  a  tar  still,  but                                                   ^ 
having   in  addition    a  column  and  con-                                             w 
denser   for   fractionally  condensing.  Figs. 
241    and   242,   and   washing   the   vapors 
coming    from    the   still.      The    following 
fractions  are  usually  taken : 

Crude  90  per  cent  benzol,  to  95°  C. 

Crude  toluol,  95"  to  125°  0. 

Crude  solvent  naphtha,  125°  to  170°  0. 

Heavy  naphtha,  170°  to  200°  C. 

Residue. 

The  residue  consists  of  naphthalene, 
heavy  oil,  and  phenols  if  not  previously 
extracted.  It  should  be  added  to  the 
second  fraction  from  the  tar  still. 

In  some  works  only  three  fractions  are 
made  in  the  light-oil  still,  the  first  two 
beii^  combined  and  this  fraction  being 
subjected  before  washing  to  another  dis- 
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tillation  ia  a  steam-heated  column  still.     The  fraction,  consistii^  of 
benzene,  toluene,  xylene,  and  their  impurities,  would  be  cut  as  follows: 

Crude  90  per  cent  benzene up  to    95°  C. 

Intermediate  fraction  (which  is  rerun) 95°  to  105°  C. 

Crude  toluene 105°  to  120°  C. 

Crude  solvent  naphtha  added  to  that  fraction. .  120°  to  125°  C. 

It  was  early  discovered  at  the  Paris  Gas  Company  that  the  coal  gas 
contained  much  more  aromatic  hydrocarbons  than  the  tar. 

It  was  variously  estimated  at  from  15  to  23  times  as  much  but  the  gas 
was  not  seriously  considered  as  a  source  of  benzol  while  only  illuminating 
gas  was  manufactured  from  coal. 

When  by-product  coke  ovens  became  common  in  Europe,  processes 
were  divised  to  scrub  the  gas  and  recover  the  light  oil  by  continuous 
distillation,  Fig.  243  is  a  diagram  of  the  usual  apparatus  employed. 

The  gas  is  cooled  either  by  direct  contact  with  water  or  in  tubular 
coolers  to  about  70°  F.  or  even  less.  It  is  then  passed  through  the  series 
of  scrubbers  (usually  three),  where  it  comes  in  intimate  contact  with 
the  cooled  wash  oil  which  is  about  the  temperature  of  the  gas  entering 
the  system,  but  should  not  be  more  than  2°  to  4°  F.  higher. 

The  scrubbers  may  be  of  almost  any  design  suitable  for  washing 
gas,  the  usual  form  is  shown  in  Fig.  243,  these  are  tall  steel  tanks  or 
towers  filled  with  wooden  grids  to  present  \&Tge  surfaces  for  the  contact  of 
the  oil  and  gas. 

The  wash  oil  used  in  the  United  States  is  a  fluid  paraffine  oil,  specific 
gravity  not  more  than  0.875  at  18°  C,  not  thickening  above  4°  C,  contain- 
ing as  little  define  as  possible,  but  not  more  than  10  per  cent,  giving  as 
little  distillate  on  dry  distillation  aa  possible,  below  285°  C,  thermometer 
in  the  oil,  not  more  than  1  per  cent  shall  be  driven  over  by  steam  distilla- 
tion while  collecting  a  volume  of  condensed  steam  equal  to  the  volume 
of  the  oil  taken  for  the  test,  and  separating  readily  from  intimate  mixtures 
-  with  water. 

The  European  practice  is  to  use  a  coal  tar  heavy  oil  distilling  between 
200  and  300°  C.  at  least  90  per  cent,  and  which  does  not  deposit  more  than 
12  per  cent  naphthalin  in  all  fractions  after  standing  twenty-four  hours; 
Sp.  gr.  103  to  105  at  15i°  C,  or  a  blast  furnace  oil  which  distills  at  least 
85  per  cent  between  200  and  300°  C. 

After  leaving  the  first  gas  scrubber  the  oil  is  passed  through  a  heat 
exchanger,  where  it  is  heated  by  the  vapors  leaving  the  still  to  about  90°  C, 
then  through  a  second  heat  exchanger,  where  it  is  further  heated  by  the 
debenzolized  wash  oil,  leaving  the  still  to  about  110°  C. 

It  is  then  passed  through  the  .preheater  and  further  heated  by  steam 
to  from  130°  to  150°  C.  After  this  it  passes  to  the  still  proper,  which  is 
of -the  continuous  type,  where  the  light  oil  is  driven  out  by  steam  dia- 
tiUation,  leaving  the  debeneolized  oil,  which  leaves  the  base  of  the  still, 
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passes  throt^h  the  oil  to  oil  heat  exchanger,  the  waeh  oil  coolers,  and 
is  then  ready  to  be  piunped  to  the  scrubbers  for  a  second  saturation  with 

i^ht  oil  from  the  gas. 
The  light  oil  vapor 
mixed  with  steam  after 
passing    through   the 
vapor  to  oil  heat  ex- 
changer is  condensed 
and  flows  to  the  light 
oil    tank   after  being 
separated     from     the 
condensed    steam    or 
water  in  the  decanter. 
i     The  yield  of  hght  oil 
g     from  coke  oven  gas  is 
£     from  2}  to  4  gallons 
g     per  ton  of  dry  coal  car- 
s     bonized,  varying  with 
;3     the  volatile  content  of 
£     the  coal  and  much  in- 
8     fluenced  by  the  type 
0-     of  oven  and  the  heats 
^     employed.     The  rela- 
2     tion  of  the  amounts  of 
g^     benzol  and  toluol  pro- 
^    duced  are  also  influ- 
"3     enced    by    the   heats 
S     employed,  low    heats 
%    increasing  the  produc- 
fi     tion    of    toluol     and 
Ji     xylol. 

S  The   control   tests 

S     necessary    to     insure 

proper  operation  of  a 

plant  such  as  has  been 

described  are: 

Candlepower  and 
calorific  value  of  gas, 
both  entering  and 
leaving  the  scrubbers. 
Light  oil  in  gas 
both  entering  and 
leaving  the  scrubbers. 
Light  oil  in  wash 
oil  to  continuous  stilt. 
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Light  oil  ia  wash  oil  from  the  continuous  still. 

Examination  of  new  wash  oil  received:  Specific  gravity,  viscosity, 
emulsificatioQ,  steam  distillation,  dry  distillation,  olefines,  thickenii^  at 

Distillation  test  of  light  oil  produced  with  determination  of  loss  and 
residue  above  200°  C. 

Distillation  of  frequent  samples  of  distillate  to  control  fractions. 

Distillation  of  samples  from  storage  tanks  and  residues. 

The  most  common  method  is  to  pass  a  measured  volume  of  gas  through 
a  train  of  bottles  containing  an  absorbent  oil.  Various  oils  are  used: 
para£Sn  oil,  wash  oil,  oleic  acid  and  cottonseed  oil  are  among  those  pro- 
posed. 

A  modified  Lessing  scrubber  has  come  into  favor  of  late  as  the  standard 
apparatus  to  test  for  scrubber  efficiency. 

This  light  oil  is  usually  fractioned  in  a  steam-heated  column  still  so 
as  to  yield  crude  benzol  distilling  90  per  cent  to  100  "C,  crude  toluol  distill- 
ing about  5  per  cent  to  100°  C.  and  90  per  cent  to  120°  C,  crude  solvent 
naphtha  distilling  about  5  per  cent  to  130°  C.  and  90  per  cent  to  160°  C, 
crude  heavy  solvent  naphtha  distilling  abouf  5  per  cent  to  160°  C. 
and  90  per  cent  to  200°  C.  The  residue  consists  of  wash  oil  and  crude 
naphthalene.  It  is  transferred  to  pans  and  allowed  to  become  cold  when 
the  naphthalene  crystallizes.  The  wash  oil  is  drained  off  and  returned 
to  the  wash  oil  circulating  tank  to  be  used  over  again. 

The  crude  fractions  are  washed  and  refined  in  the  same  manner  as 
smilar  fractions  of  the  light  oil  from  tar.  The  recovery  of  light  oil 
from  coke  oven  gas  has  become  general  in  American  by-product  coke 
oven  practice  durii^  the  past  two  years  though  it  has  been  employed 
by  one  company  operating  several  coke  oven  plants  for  several  years. 

The  purification  of  these  fractions  consists  in  the  polymerization 
of  the  unsaturated  compounds  and  the  removal  of  the  dissolved  poly- 
merized hydrocarbons  by  distillation.  The  oil  ia  treated  with  successive 
small  portions  of  sulphuric  acid,  1.835  8p.gr.,  in  an  agitator  tank,  Fig.  244, 
similar  to  the  one  used  for  pyridine  extraction.  The  agitator  for  washing 
with  strong  acid  can  be  lined  with  lead.  A  better  construction  is  of  cast 
iron  with  leaded  joints  of  the  bell-and-spigot  type,  similar  to  those  used 
on  cast-iron  water  pipe,  and  with  a  conical  bottom  to  permit  of  ccanplete 
separation  of  the  acid  and  the  oil.  The  several  sm^  portions  of  acid 
are  agitated  with  the  oil,  allowed  to  settle  for  a  few  minutes  and  the 
acid  tar  composed  of  spent  acid  and  polymerized  hydrocarbons  drawn 
off.  Care  must  be  taken  to  remove  the  acid  tar  completely  after  the 
final  Explication  of  acid.  The  acid  necessary  for  a  satisfactory  puri- 
fication of  the  oil  should  be  determined  by  a  laboratory  test  after  each 
addition  of  acid.  If  too  little  acid  is  used  the  tarry  products  are  apt 
to  separate  and  e\og  the  draw-off,  and  if  too  much  is  used  the  spent  acid 
will  be  very  thin  and  fluid.    A  good  wash  is  usually  obtained  when 
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between  i  ami  j  of  a  pound  of  acid  is  used  per  U.  S.  gallon.  This  is 
applied  in  four  to  ax  successive  portions.  In  this  way  a  better  wash  and 
a  larger  yield  will  result  together 
with  a  saving  of  acid.  Formerly 
it  was  usual  to  wash  the  oil  two 
or  three  times  with  water,  but  as 
this  serves  wily  to  reduce  slightly 
the  caustic  soda  neccEsary  to 
remove  all  the  acid  remaining  in 
the  oil,  and  as  it  adds  materially 
to  the  time  required  to  complete 
the  wash,  it  has  been  in  most 
cases  discontinued.  The  oil  is 
finally  treated  with  sufficient  10  - 
per  cent  caustic  soda  solution  to 
remove  all  traces  of  the  add. 
The  washed  oil  is  sometimes  dis- 
tilled in  a  steam-heated  simple 
still,  but  this  is  not  necessary 
with  the  fractions  of  light  oil  re- 
covered from  coal  gas,  which 
leaves  behind,  as  a  viscid  mass, 
the  polymerization  products  that 
were  dissolved  in  the  oil.  This 
residue  is  reported  to  have  some 
appUcation  in  waterproofing 
paper. 

The  final  fractioning  of  the 
refined  oils  is  conducted  in  steam- 
heated  stills  with  columns  similar 
to  those  used  for  the  rectification 
of  spirits.  They  consist,  Fig. 
241 ,  of  a  series  of  plates,  inclosed 
in  a  shell,  with  nozzles  extending  from  their  upper  side,  over  which  are 
inverted  sauceis  or  cape  so  designed  as  thoroughly  to  mmgle  the  ascend- 
itsg  vapors  with  the  descending  condensed  oils  and  yet  prevent  foaming 
as  far  as  possible. 

These  columns  were  formerly  made  entirely  of  copper,  as  is  the 
practice  in  alcohol  rectification,  but  cast  iron,  wrought  iron  and  steel 
are  better  materials,  cost  leas  and  are  not  acted  upon  by  the  sulphur 
compounds  contained  in  the  oils.  Columns  frequently  have  as  many 
as  thirty  sections  to  do  the  best  work,  though  by  far  the  greater  part 
of  the  fractioning  is  done  in  the  first  ten  or  twelve  sections. 

Benzol.  The  crude  benzols  from  light  oil  are  colorless  when  freshly 
distilled,  but  they  soon   become   a  pale  straw  color  and  continue  to 
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darken  for  some   time.     They   are   known  in   the   trade  as  crude   or 
"  straw-color  "  benzols  of  the  various  grades. 


Fr«tion. 

!>pvti6<:  OKTity. 

11-10% 

»o% 

Dry. 

Flub-point. 

Straw-color  benzol "l 

Crude  90  per  cent  benzol  .  / 
Straw-color  toluol 1 

0.S60-0.8S6 
0.860-0.876 

0.870-0.885 
0.925-0.940 

80°  C. 
100°  C. 

130' C. 
160"  C. 

100°  c. 
120°  C. 
160°  C. 
210°  C. 

120' C. 
140' C. 
190' C. 
220"  C. 

below  0°C. 
below  0°  C. 

Crude  solvent  naphtha 

22-26°  0. 

These  crude  oils  are  chiefly  used  as  solvents  where  their  odors  are  not 
objectionable.  Crude  solvent  naphtha  and  heavy  naphtha  are  also 
used  as  thinners  in  certain  cheap  paints. 

Of  the  refined  oils  three  are .  separated  in  a  pure  state,  C.P.  bensol, 
C,P.  toluol,  and  xylol.  The  first  two  distill  entirely  within  2"  C,  while 
the  last  is  a  mixture  of  the  three  xylenes  and  distills  from  1,35  to  145°  C. 

C.P,  benzol  or  benzene,  has  sp.gr.  .875  to  .884.  Freezing-point  4°  C, 
boiling-point  80,2°  C.  It  should  distill  cranplef^Iy  within  2°  C.,  be  coloiv 
less  and  have  the  characteristic  odor.  It  should  not  be  colored  on  sbakii^ 
with  one-third  its  volimie  of  C  P.  sulphuric  acid,  1.84  8p.gr.  (967  HaSO*), 
and  the  acid  should  be  only  slightly  colored  after  standing  for  one- 
quarter  of  an  hour.  It  should  be  free  from  thiophens,  contain  only  traces 
of  carbon  disulphide  and  from  1  to  3  per  cent  of  inert  parafiines. 

ToluoL  C.P.  toluol  or  toluene  has  sp.gr.  .865  to  .876,  fcoiling-point 
111°  C.  It  should  be  colorless  and  have  the  characteristic  aromatic  odor. 
It  should  not  be  colored  by  shaking  with  one-third  ita  volume  of  C.P. 
sulphuric  acid,  sp.gr.  1.84,  and  the  acid  layer  should  not  be  colored  deeper 
than  a  pale  straw  after  standing  for  one-quarter  hour.  In  other  respects 
it  should  answer  the  specifications  for  C.P.  benzol, 

TTie  following  refined  commercial  fractions  are  colorless  and  should 
not  be  colored  by  shaking  with  one-half  their  volume  of  C.P.  sulphuric 
acid,  nor  should  the  acid  layer  become  colored  deeper  than  a  straw  color 
in  one-half  an  hour  except  in  the  case  of  160°  and  200°  naphthas,  wh(Hi 
the  acid  may  become  colored  deep  red. 


Fnctioni. 

Specific  Gravity. 

[>led  in  Diiu 

llfttjon.  . 

Fia^-point. 

80°  C.-90°  C. 

100°  C. 

120°  C. 

100%  benwl 

0.875-0.885 

5-10%-90-95% 

dry 

below  0°  C. 

90%ben»ol 

0.865-0.880 

0% 

90-92% 

dry 

below  0°  C. 

100°  c. 

120°  C. 

135°  C. 

80%benK)l 

0.862-0.880 

50-52% 

90-92% 

dry 

below  0°  C. 

Commercial  toluo 

0.865-0,875 

0-5% 

90-95% 

dry 

below  0°  C, 

Solvent  or  160° 

130°  C. 

160°  C. 

185°  C. 

naphtha 

0. 860-0.870 

0.5% 

90-82% 

dry 

22-26°  C. 

160°  C. 

200°  C. 

215°  C. 

200'  naphtha .... 

0  879-0.882 

0-10% 

90-92% 

dry 

42-15°  C. 
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The  last  two  are  not  so  welt  washed,  therefore  the  acid  becomes 
more  deeply  colored. 

In  Germany  the  refined  "  bensols  "  are  now  known  as  numbers  which 
are  compared  below  to  our  grades.  The  distillation  of  the  German 
grades  are  also  shown. 

Creosote  or  Heavy  Oil.  The  fraction  from  the  tar  still  between 
200  and  270°  C,  and  sometimes  even  higher,  contains  most  of  the 
phenols,  naphthalene,  anthracene,  and  the  accompanying  oils.  Anthracene 
will  be  found  in  large  quantities  only  when  the  distillation  of  the  tar  ]a 
carried  to  hard  pitch. 

If  it  is  desired  to  remove  the  tar  acids  (phenols)  the  oil  is  agitated 
at  a  temperature  of  50  to  70°  C.  with  sufficient  caustic  soda  solution 
sp.gr.  1.116,  to  combine  with  them.  The  alkaline  liquor  is  allowed  to 
settle  and  is  drawn  ofF,  after  which  the  oil  is  run  into  shallow  tanks  or 
pans,  whet«  a  large  part  of  the  naphthalene  separates  out  as  a  mass  of 
crystals  when  the  oil  cools.  It  is  possible  to  treat  the  oil  with  successive 
portions  of  the  caustic  soda  solution  so  as  to  obtain,  first  an  alkaline 
solution  in  which  sodium  phenolate  preponderates;  second  an  equally  pure 
sodium  cresylate;  and  third  an  unsaturated  solution  of  caustic  soda  and 
sodium  cresylate  which  is  used  as  the  first  portion  on  the  succeeding  charge. 

The  portion  containing  principally  sodium  phenolate  is  boiled  by 
direct  steam,  and  aii  is  passed  through  the  boiling  liquid  to  remove 
naphthalene,  hydrocarbon  oils,  and  pyridine  bases.  In  some  works  the 
distillate  from  the  boiling  carbolate  is  oallected  and  worked  for  pyridine 
and  naphtha,  in  which  case  the  boiling  is  done  by  fire-heated  still  instead 
of  by  direct  steam.  The  distillate  .is  collected  until  the  purification  is 
nearly  complete,  when  the  manhol»  is  opened  and  direct  steam  and  air 
blown  through  the  liquor.  After  this  treatment  the  carbolate  of  soda 
should  be  soluble  in  water  without  turbidity.  The  purified  phenolate 
solution  is  allowed  to  become  cold  and  is  saturated  with  carbonic  acid 
gas,  usually  obtained  from  the  flue  gases  from  the  steam  boilers.  Finally, 
after  the  carbonate  of  soda  solution  formed  has  been  drawn  off,  the  decom- 
position b  completed,  in  a  lead-lined  tank,  by  a  little  dilute  sulphuric 
acid,  ll^ich  also  aids  the  separation  of  the  phenol  from  the  aqueous  solu- 
tion. TUe  sodium  sulphate  solution  is  carefully  and  completely  drawn 
off.  The  crude  phenol  thus  obtuned  contains  from  20  to  25  per  cent 
water  and  tar.  These  are  removed  by  dbtiUation  in  a  still  similar  to 
a  tar  still,  although  much  smaller.'  The  dry,  crude  phenol  is  fractioned 
in  column  stills  heated  by  direct  fire  or  superheated  steam,  but  otherwise 
the  stills  are  nmilar  to  those  used  for  benzols.  These  yield,  first,  a 
crystallizable  phenol,  second,  a  fraction  not  sufficiently  rich  in  phenol 
to  crystallize,  and  a  third  fraction  cont^ning  principally  cresols.  The 
fractioning  of  the  crude  phenols  is  conducted  at  reduced  pressure  at  some 
works.  By  this  process,  owing  to  the  low  temperature  of  the  distil- 
lation, a  larger  yield  of  phenol  is  obtained. 
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The  crystallizable  fraction  is  further  purified  by  repeated  crystallization 
with  the  aid  of  refrigeration  and  with  the  addition  in  the  last  crystal- 
lization of  water  to  dilute  the  cresols  present.  Finally,  these  purified 
crystals  axe  redistilled,  condensed  in  block-tin  worms  and  collected  in 
tin  receivers  so  arranged  that  they  can  be  heated  to  melt  the  phenol 
in  order  that  it  may  run  in  a  liquid  state  into  containers. 

A  properly  purified  phenol  will  remain  white  for  more  than  a  year, 
showing  no  trace  of  the  red  color  commonly  seen  in  crystal  carbolic 
acid. 

The  second  portion  of  the  alkaline  liquor  from  the  treatment  of  the 
dead  oil,  containii^  largely  cresylate  of  soda,  is  saturated  with  carbonic 
and  sulphuric  acids  in  the  same  manner  as  is  the  portion  rich  in  phenol. 
It  is  not  customary  to  boil  the  cresylate  of  soda  to  remove  the  oils  and 
pyridine  bases  unless  it  is  desired  to  make  pure  cresol.  The  crude  cresol 
is  freed  from  tar  and  water  by  distillation  and  is  then  marketable  as 
95  to  100  per  cent  cresylic  acid. 

Phenol,  carbolic  acid,  bydroxy-benzene,  CeHsOH,  when  pure,  is  a 
white,  crystalline  mass,  with  sp.gr.  1.084  at  0*  C,  melting  at  42'  C, 
boilii^  at  182°  C,  having  a  characteristic  odor  and  when  very  dilute 
a  sweetish  taste. 

It  is  soluble  in  all  proportions  in  alcohol,  ether,  chloroform,  glacial 
acetic  acid,  and  glycerine.  It. liquefies  on  the  addition  of  14  to  15  per 
cent  of  water,  and  thus  becomes  the  No.  4  carbobc  acid  of  commerce. 
It  dissolves  in  about  20  parts  of  water  at  25°  C.  It  is  a  corroave  and 
irritant  pobon.  Undiluted  alcohol  is  one  of  the  best  washes  for  phenol  bums. 
Carbolic  acid  is  lat^ely  used  in  medicine  and  sui^ry  as  an  antiseptic 
and  dismfectant  and  in  the  arts  in,  the  manufacture  of  dyes.  It  is  em- 
ployed in  the  manufacture  of  picric  acid,  trinitrophenol,  which  finds  a  large 
use  in  the  manufacture  of  high  explosives,  and  is  also  used  as  a  yellow  dye. 

Cresol,  cresylic  acid,  hydroxytoluene,  C8H4CH3OH,  is  a  mixture  of 
three  isomers,  has  a  sp.^.  of  1.032  to  1.038  at  25°  C,  and  distills 
between  190°  and  205°  C.  It  is  used  as  an  antiseptic  and  disinfectant 
and  b  much  less  corrosive  than  phenol  and  is  a  more  efficient  antiseptic' 

The  three  isomers  composing  cresol  have  the  following  properties: 

Orthoa%sol,  orthocresylic  acid,  ortho-oxy-toluene,  orthomethylpbenol, 
CeH20H(CH3),  with  the  CH3  and  OH  groups  in  the  (1-2)  position,  is  a 
white  crystalline  substance  melting  at  28  to  30°  C,  into  a  colorless 
liquid  and  boiling  at  187  to  189°  C.  It  is  soluble  in  thirty  parts  of  water, 
in  alcohol,  ether,  chloroform,  and  the  caustic  alkalies. 

Metacresol,  metacresylic  acid,  meta-oxy-toluene,  metamethylphenol, 
has  the  CH3  and  OH  groups  placed  in  the  (1-3)  position,  and  is  a 
colorless  liquid,  sp.gr.    1.0498   to    1.05  at   0°   C.     It   boils  at   2(Q°,  is 

'  Dr.  A.  P.  Hitchins  has  informed  me  in  &  privHtc  communicaHon  thnt  the  toxicity 
of  phenols  and  creeola  are  directly  proportional  to  their  germicidal  value  and  that 
cresylic  acid  is  about  three  times  as  efficient  a  bactericide  as  phenol. 
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soluble  in  alcohol,  ether,  chloroform,  caustic  alkalies,  and  slightly  in 
water. 

Paracresot,  paracresytic  acid,  paransxy-toluene,  paramethylphenol,  with 
the  CH3  and  OH  groups  placed  in  the  (1-4)  posiUon,  is  a  white  crystal- 
line mass,  melting  at  36°  C,  and  boiling  at  198°  C.  It  ia  soluble  in 
tUcohol,  ether,  chloroform,  caustic  alkalies,  and  slightly  in  water. 

Xylenol,  di-methyl-phenol,  hydroxy-xylene.  The  six  possible  isomers 
are  probably  present  in  the  fraction  of  crude  cresylic  acid  boiling 
between  210°  and  230°  C.  and  which  has  a  sp.gr.  between  X.02  and  1.03 
at  15°  C.  They  are  on  the  whole  considerably  more  soluble  in  water 
and  less  corrosive  than  the  cresols.  They  are  principally  used  in  dis- 
infectants of  the  "  creolin  "  type  on  account  of  their  high  phenol  coef- 
ficient which  is  between  ten  and  twelve.  They  are  not  generally  sep- 
arated from  the  crysilic  acid  except  when  pure  cresols  are  made. 

Nafdlthalene.  The  heavy  oil  fraction,  if  the  removal  of  the  naphtha* 
lene  is  desired,  is  run  into  shallow  tanks  or  pans,  either  from  the  still  or 
after  the  tar  acids  have  been  extracted,  and  allowed  to  become  cold, 
when  the  larger  part  of  the  naphthalene  crystallises.  The  oil  is  drawn 
off  and  the  crystals  are  either  shoveled  into  piles  to  drain  or  are  passed 
through  a  centrifugal  which  leaves  the  crystals  nearly  dry  and  in  con- 
dition for  market  as  "  drained  creosote  salts  "  or  crude  naphthalene. 

Refining  naphthalene  consists  in  freeing  it  from  adhering  heavy  oil 
and  from  unsaturated,  easily  oxidized  compounds.  The  crude  material 
should  be  in  a  coarse  crystalline  condition  to  allow  of  the  proper  extrac- 
tion of  the  oil.  If  it  is  in  a  slimy  state  it  should  be  recrystaltized. 
The  crystals  are  either  washed  with  hot  water  in  centrifugals,  which 
removes  the  larger  part  of  the  adhering  oil,  or  they  are  hot  pressed  in 
hydraulic  presses.  The  latter  process  is  more  expensive  and  less  efficient 
than  the  former.  After  this  operation  the  naphthalene  should  have  a 
melting-point  of  not  less  than  76°  C,  and  will  still  contain  from  4  to 
6  per  cent  of  oils.  The  partly  purified  naphthalene  is  now  distilled, 
to  remove  the  tarry  bodies  that  have  been  carried  forAard  from  the 
ori^nal  tar.  This  process  is  conducted  in  plain,  externally  fired  iron 
stills,  similar  to  tar  stiUs,  but  with  lead  worms.  The  distillate  is  kept 
in  a  melted  state  and  run  into  lead-lined  agitators  similar  to  those  used 
for  benzob,  and  washed  with  sulphuric  acid,  1.835  sp.gr.,  several  waters, 
and  finally  with  causUc  soda  solution,  of  about  1.116  sp.gr.  Great 
care  must  be  taken  to  remove  as  much  as  possible  of  the  acid  before 
the  first  water  is  added,  so  as  to  prevent  the  tarry  pdymerization  products 
from  beii^  redissolved  by  the  naphthalene.  The  soda  solution  is  drawn 
off  completely,  as  small  amounts  of  soda  will  cause  the  bottom  of  the 
still  to  be  rapidly  burned  out.  It  is  necessary  to  reject  the  first  portion 
"  heads,"  and  the  last  portion,  "  tails,"  of  the  distillate  from  the  final 
distillation  of  refined  naphthalene,  as  the  "  heads  "  are  discolored  by  the 
wa^tin^  of  the  worm  and  with  water  containing  dissolved  bases,  metallic 
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saiis.  etc.,  while  the  oils  are  concentrated  in  the  "  tails."     The  sum  of 
the  rejected  portions  should  not  exceed  }  to  1  per  cent  of  the  distillate. 


'UUJUUUJLUUUUlf'U'UU 
n     fin     nnnnnnn     nn 


Fio.  245.— NaphthBlene  SubtimiDg  Plant. 

The  water-white  refined  iia{>hthalene  is  run  into  shallow  pans  to  cool, 
when  it  can  be  broken  up  and  sold  as  tump,  or  is  run  into  copper  tanks 
heated  by  steam,  from  which  it  is  available  for  casting  into  balls,  etc., 
or  for  use  in  the  subliming  pans.  Subliming  pans.  Fig.  245,  are  large 
shallow  iron  tanks  heated  by  steam  and  connected  by  an  iron  hood  with 
a  smoothly  sheathed  room  in  which  the  sublimed  vapors  condense  in 
transparent  plates,  "  Sake  naphthalene."  About  150°  C.  seems  to  be  the 
most  satisfactory  temperature  in  the  aublimii^  pans.  A  higher  temperature 
can  be  economically  employed  in  winter  and  a  somewhat  lower,  one  in 
summer.  Naphthalene,  CioHs,  is  a  solid  hydrocarbon  at  ordinary  tem- 
peratures, melting  at  79-80°  C,  and  boiling  at  218°  C.  Its  specific  gravity 
in  the  solid  state  is  1.151  at  15°  C.  and  in  the  liquid  state  it  is  0.9778  at 
80°  C-  It  volatilizes  at  ordinary  temperatures  and  very  readily  on  the 
steam  bath.  It  crystallizes  in  transparent  rhombic  plates,  which  are 
slightly  soluble  in  hot  water  but  insoluble  in  cold  water.  It  is  very  sol- 
uble in  chloroform,  benzene,  ether,  alcohol,  methyl  alcohol  and  paraffine. 

The  purity  of  refined  naphthalene  is  indicated  by  the  f^nt  purple 
or  pink  tint  when  a  lump  is  dissolved  in  hot  concentrated  sulphuric 
acid.  If  the  acid  b  turned  a  deep  red  the  sample  b  likely  to  become 
discolored  on  standing.  Naphthalene  is  used  as  the  starting-point  of 
several  classes  of  colors,  including  nearly  all  of  the  azo-colors  and  for 
artificial  indigo,  in  candles,  celluloid,  as  a  substitute  for  camphor  to 
prevent  moths  in  woolens,  and  to  some  small  extent  as  a  gas  enricher 
in  lights  of  the  albo-carbon  type.  It  readily  nitrates  directly  to  mono- 
nitro  naphthalene,  which  crystallizes  in  yellow  needles,  with  sp.gr. 
1.331  at  4°  C,  meltii^  at  56°  C,  and  boiling  at  304°  C.  It  is  easily 
soluble  in  alcohol  and  petroleum  oib.  Its  principal  uses  are  the  manu- 
facture of  certwn  smokeless  powders  and  to  remove  the  fluorescence  from 
petroleum  oils,  for  which  latter  piupose  from  2  to  3  per  cent  b  used. 

Anthracene.  This  pil  is  the  portion  of  the  distillate  from  coal  tar 
which  vaporizes  above  270°  C.  At  this  temperature  a  cut  should  be  made 
if  the  distillation  is  carried  to  hard  pitch.  This  oil  boils  between  250 
and  400°  C,  and  has  a  specific  gravity  of  nearly  1.1.  Its  color  is 
yellowish-green  when  first  made,  but  it  darkens  to  almost  black.     It 
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contains  besides  anthracene,  naphthalene,  methylnaphthalene,  pyrene, 
acridene,  phenanthracene,  fluorene,  etc.,  all  of  which  are  solids,  ex- 
cept raethylnaphthalene,  and  a  mixture  of  oil  of  which  we  know  very 
little. 

The  anthracene  fraction  is  run  into  shallow  tanks  and  the  solid  com- 
pounds separate  out  on  cooling.  This  process  requires  froni  one  to  two 
weeks. 

Refrigeration  has  been  tried  to  shorten  the  time,  but  it  makes  the 
oils  more  viscid  and  the  separated  crude  anthracene  much  more  impure. 
The  semi-solid  mass  b  transferred  to  bag  filters  or  to  a  filter  press  and 
as  much  as  possible  of  the  oil  driven  out  by  compressed  air.  The  nearly 
dry  cakes  from  the  bags  or  filter  press,  containit^  about  10  to  15  per 
cent  anthracene,  are  subjected  to  a  pressure  of  from  50,000  to  70,000 
lbs.  in  hydraulic  presses  so  arranged  that  they  may  be  kept  hot  by  steam 
coils  or  steam-heated  plates.  This  treatment  brings  the  anthracene  content 
to  from  25  to  35  per  cent.  These  press-cakes  are  ground  and  purified  by 
washing  in  a  closed  agitator  with  hot  solvent  naphtha  from  the  light  oil. 

Lower  boilir^  benzols  have  been  used  for  this  purpose,  but  they  dissolve 
the  anthracene  itself.  The  whole  charge,  when  thoroughly  mixed,  which 
may  require  several  hours,  is  run  into  a  closed  filter  and  the  solvent  re- 
moved by  compressed  air.  Pyridine  bases  are  said  to  be  a  better  solvent  for 
the  anthracene  impurities  than  solvent  naphtha  and  is  said  to  yield  80  per 
cent  anthracene,  while  70  to  75  per  cent  is  the  limit  with  solvent  naphtha. 

A  somewhat  more  pure  anthracene  is  produced  by  the  sublimation 
of  the  washed  material.  The  subliming  pans  are  similar  to  those  used 
for  naphthalene  except  that  they  are  heated  by  fire  and  have  jets  of- 
superheated  steam  impinfpi^  upon  the  surface  of  tiie  melted  anthracene. 
The  vapors  are  condensed  by  water  jets.  The  oil  from  the  first  crystal- 
lization of  the  crude  anthracene  is  distilled  in  a  clean  still  till  crystals 
appear  upon  cooling  the  distillate,  when  the  residue  containing  the 
anthracene  is  run  into  pans  and  treated  the  same  as  the  original 
fraction. 

When  the  oil  will  yield  no  more  anthracene  it  is  used  to  soften, 
"cut  back,"  pitch,  as  "  Carbolineum  Avenarius,"  for  the  treatment  of 
timber,  and  mixed  with  the  creosote  oil. 

Anthracene,  CuHio,  was  discovered  by  Dumas  and  Laurent  in  1832 
And  rec(^nized  as  a  characteristic  constituent  of  coal  tar  by  Fritzsche 
in  1867.  It  boils  at  363"  C,  melts  at  213"  C,  and  has  a  specific  gravity 
of  1.147  at  15"  C.  It  crystallizes,  when  pure,  in  white  or  yellow  rhombic 
plates  with  a  blue  fiuorescence.  It  is  soluble  in  benzene,  ether,  chloroform, 
carbon  bisulphide,  and  in  hot  alcohol,  but  only  sparingly  soluble  in  cold 
alcohol. 

It  is  slowly  converted  by  simlight  into  paranthracene.  It  is  of  great 
importance  commercially  as  the  starting-point  for  the  synthetical 
alizarines. 
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Valuation  of  Tar  and  Tar  Products.  Sampling  is  of  the  utmost 
importance  vnth  the  tars  and  the  crude  oila.  They  frequently  contain 
two  or  more  substances  that  have  more  or  less  tendency  to  separate  on 
standing,  such  as  water  and  anunoniacal  liquor,  and  which  are  difficult  to 
reincorporate  evenly.  Where  possible  drip  samples  should  be  taken  as  the 
materials  are  being  pumped. 

Small  drip  openings  are  so  prone  to  become  clc^ged  with  particles 
of  dirt  or  fine  crystals  that  it  is  always  well  to  make  the  original  drip 
sample  as  large  as  possible.  A  tank  of  100  gallons'  capacity  can  easily 
be  arranged  to  catch  the  drip.  This  can  be  thoroughly  mixed  and 
reduced  samples  accurately  drawn  by  a  large  pipette  called  a  "  thief." 
The  drip  stunpling  should  begin  as  soon  as  the  pump  is 
Jl^         working   freely   and    should  continue  without  dlminutioD 

1 U         to  the  end.     With  oils  that  have  solidified  care  should  be 

observed  that  they  are  completely  remelted  and  well  mixed 
before  drawing  a  sample.  Where  it  is  impossible  to  take 
a  drip  sample  a  "thief"  may  be  used.  A  satisfactory 
"thief"  for  small  tanks  or  tank  cars  can  be  made  from  a 
one-inch  iron  pipe  with  a  round  water-way  cock,  operated 
by  chains,  at  the  lower  end.  In  large  tanks  and  when  a 
X-y.i;'  proper   "thief"   is  ^lot   avwlable,    a   bottle   will  serve  to 

Fia.  246.  obtfun  a  fwrly  good  sample.  The  bottle  is  weighted, 
corked,  sunk  to  the  bottom  of  the  tank,  when  the 
cork  is  pulled  by  a  string  previously  attached  and  the  bottle  evenly 
and  rapidly  drawn  from  the  tank.  If  the  bottle  is  not  completely  full 
tiie  sample  is  considered  a  representative  one.  The  final  samples  of  tar, 
light  oil,  aad  heavy  oil  should  be  not  less  than  one  gallon,  while  a 
pint  usually  suffices  for  naphthas,  benzols,  etc. 

The  Examination  of  Tar.  While,  as  su^ested  by  Allen,  Lunge, 
and  others,  more  definite  information  can  be  obtained  the  larger  the 
scale  of  operation,  yet  it  has  become  quite  established  to  work  with  a 
gallon  sample.  The  tar  sample  should  be  poured  into  a  dish  or  bucket 
and  mixed  by  vigorous  stirring,  to  redistribute  evenly  through  the  sample 
any  water  that  may  have  separated. 

The  complete  examination  of  tar  consists  of  the  following: 
Determination  of  the  water  by  distillation; 
Distillation  of  the  tar; 
Specific  gravity  of  the  dry  tar; 
Free  carbon  of  dry  tar. 

Examination  of  the  light  oil,  heavy  oil,  and  pitch. 
The  still  now  largely  used  in  this  country  for   tar  distillations  and 
water  determinations,  Fig.  247,  in  tar  was  described  by  H.  W.  Jayne 
(J.  A.  C.  S.,  XXV.,  p.  81). 

It  is  made  of  copper  3j  ins.  in  diameter,  with  straight  sides  6  ins. 
high,  a  heavy  turned  brass  ring  at  the  top,  a  brass  lid,  held  in  place  by 
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a  single  clamp  over  the  top.    - 

The  lid  has  two  holes,  one  for 

a  j-in.  pipe  plug  and  the  other 

fitted  with  a   short  piece  of 

|-in.  brass  pipe   tapered  on 

the  inside  to  fit  the  cork  which 

carries  the   distilling  tube  or 

adapter.     This    still    can   be 

easily    cleaned,   which    is   an 

important  provision  in  a  tar 

still.   A  paper  gasket  was  used, 

but  the  small  valve  packings 

Eomilar    to    vulcabeston     are 

equally  satisfactory  and  may 

be  used  repeatedly.    The  condenser  consists  of  a  copper  trough  through 

which  passes  a  glass  tube  about  §  in.  internal  diameter  and  24  ins. 

long.     This  fonn  of  condenser  is  ordinarily  used  without  nianing  water. 

It  allows  of  heating  the  water  when  the  naphthalene  fraction  begins 

to  solidify  in    the  tube  and    drawmg  it  off  altogether  when    the    still 

higher  fractions  would  be  liable  to  crack  the  glass.     It  is  very  efficient 

for  volatile  liquida,  as  the  tube  can  be  easily  packed  with  ice  or  with  a 

freezing  mixture.    The  cut  shows  the  still  and  condenser  mounted  for  use. 

A  latter  still  4}  ins.  in   diameter  and  8  ins.  high  of   the   same   de^gn 

should  be  used  if  1000  c.o.  of  tar  are  distilled  or  dried. 

The  EtHmalion  cf  Waier.  Of  the  well-mbted  sample  200  to  600  c.c. 
is  diluted  with  about  100  c.c.  of  high-boiling  water-free  oil,  to  pre- 
vent boiling  over,  crude  solvent  or  heavy  naphtha,  is  usually  distilled 
in  the  smaller  still  above  described.  The  heat  is  at  first  applied  by  a 
ring  burner  deseed  to  throw  the  flame  toward  the  still  and  adjusted 
so  that  the  fiarae  strikes  the  still  at  or  above  the  level  of  the  tar.  When 
the  temperature  has  reached  about  150°  C,  an  ordinary  Bunsen  burner 
is  lighted  under  the  bottom  of  the  still.  The  distillation  is  carried  to 
from  200  to  205°  C,  to  be  sure  that  none  of  the  water  is  held  back  by 
the  tar  or  by  the  apparatus.  The  distillate  is  collected  in  a  graduated 
cylinder  and  is  usually  reported  as  per  cent  by  volume,  but  if  desired 
may  be  converted  into  per  cent  by  weight.  The  thinning  with  dry  oil 
may  be  omitted  in  many  cases  and  the  specific  gravity  and  free  carbon 
can  be  determined  on  the  dry  tar  thus  obtained  after  carefully  reincor- 
poratmg  the  oil  carried  over  by  the  water. 

Specijie  GraoUy.     It  is  obviously  quite  troublesome,  if  not  impossible, 

Tto  thoroughly  clean  the  ordinary  specific  gravity  bottle 
of  tar,  and  there  is  more  tendency  for  small  air  bubbles 
to  chng  to  the  sides  than  in  a  bottle  with  vertical  sides. 
For  the  determination  of  the  specific  gravity  of  tars 
Lunge  has  suggested  a  tall  wraghing  bottle  about  1  in. 
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in  diameter  and  3  ios.  hi^,  with  a  glass  stopper  having  a  small  vent  "v" 
ground  in  the  joint.     (Fig.  248.) 

The  process  is  the  same  as  for  the  specific  gravity  of  solids.  First 
fill  the  tared  bottle  nearly  full  of  tar,  then  the  balance  with  water,  and 
finally  completely  with  water.  The  weighed  bottle  (a)  is  two-thirds 
filled  with  tar  and  set  in  hot  water  or  on  a  steam  bath  till  the  air 
bubbles  have  all  disappeared.  It  is  then  cooled  to  15°  C.  and  weighed  (b). 
Water  is  added  to  fill  the  bottle,  the  stopper  forcing  out  the  surplus 
throi^  the  vent;  it  is  carefully  dried  and  the  weight  taken  (c).  The 
bottle  is  now  filled  with  water  at  15°  C.  and  weighed  again  (d)- 


d+b-(a+c) 


The  water  and  specific  gravity  of  the  dry  tar  are  usually  a  satis- 
factory index  of  the  quality  of  the  tar.  Kohler  (Z.  angew.  Chem.,  1888, 
p.  677)  has  shown  that  the  specific  gravity  of  dry  tar  reflects  the  per 
cent  of  free  carbon.  This  complex  mixture  of  organic  compounds  con- 
taining, according  to  Donath  and  Asriel,  (Chem.  Centr.,  1903,  I,,  p.  1099), 
carbon  89.2  per  cent,  hydrogen  2.3  per  cent,  nitrogen  0.7  per  cent, 
oxygen  7.13  per  cent,  ash  0.67  per  cent,  is  quite  similar  to  anthracite 
coal  except  for  the  ash  and  moisture.  It  is  usual  to  ascribe  a  part  of 
this  to  coal  dust  carried  over  from  the  retorts,  but  the  low  ash  would 
seem  to  preclude  more  than  8  per  cent  of  coal  dust  in  it. 

Free  Carbon.  Free  carbon  b,  however,  one  of  the  most  important 
factors  in  determining  the  value  of  a  tar  for  its  more  important  uses. 
Many  schemes  have  been  proposed  for  its  isolation,  based  upon  different 
solvents,  carbon  bisulphide,  aniline,  glacial  acetic  acid,  and  members  of  the 
benzene  series. 

Its  determination  is  always  made  on  the  dry  tar,  and  the  benzenes 
are  the  solvents  mostly  used  in  America.  The  determination  is  carried 
out  as  follows: 

One  to  five  grams  of  tar  are  weighed  in  a  small  beaker,  hot  toluene 
added,  well  mixed  and  allowed  to  settle.  Two  tared  S.  &  S.  fat  extrac- 
tion thimbies,  the  inner  one  22X80  mm.  and  the  outer  one  large  enough 
for  a  loose,  fit,  are  suspended  over  a  beaker  or  an  Erlenmeyer  flask, 
saturated  with  hot  toluene,  and  the  supernatant  toluene  decanted  from 
the  tar  throi^h  the  thimbles.  The  tar  is  washed  by  decantation  several 
times  with  hot  toluene,  then  three  times  with  hot  C.P.  benzene,  finally 
the  residue  is  washed  into  the  inner  thimble.  The  thimbles  are  trans- 
ferred to  a  Soxhiet  extractor  and  extracted  with  benzene.  If  the  ben- 
zene becomes  too  contaminated  with  tarry  extract  it  is  discarded  and  a 
fresh  portion  used  to  .continue  the  process.  When  the  benzene  no 
longer  becomes  colored  the  extraction  is  complete,  the  thimbles  are  dried 
in  a  steam  bath  and  finally  at  110°  C,  and  weighed. 

Volatile  Portions.     The  study  of  the  distillation  products  of  tar  is 
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made  by  diBtilling  1000  c.c.  of  the  well-mixed  sample  in  a  copper  Btill 
similar  in  design  to  those  used  for  the  water  determination,  but  with  a 
capacity  of  2000  c.c.  This  distillation  is  carried  by  careful  heating  with  a 
ring  burner  to  200°  C.  The  distillate  is  received  in  a  graduated  separatory 
fimnel  and  the  percentage  of  water  is  noted.  The  oil  is  separated  and 
returned  to  the  still  as  soon  as  the  contents  has  l>ecome  cooled  to  room 
temperature. 

The  distillation  is  started  anew  and  carried  to  205"  C,  when  the 
receiver  is  chained.  The  distillation  is  continued  till  the  residue  has 
a  melting-point  of  60°  C.  This  is  a  somewhat  troublesome  operation, 
but  it  is  greatly  facilitated  by  collecting  the  distillate  from  each  10°  C. 
increase  in  temperature  in  separate  receivers,  usually  small  graduated 
cylinders.  Thus  to  cut  the  residue  back  to  60°  C,  if  a  top  high  melting- 
point  is  obtained,  successive  fractions  may  be  poured  back.  When  the 
correct  melting-point,  60°  C,  is  reached,  the  temperature  is  noted  and 
the  pitch  is  poured  into  a  shallow  pan. 

The  light  oil  fraction  is  mixed  and  its  specific  gravity  taken  at  15.5°  or 
3"  C  above  the  limpid  point.  A  correction  of  .0008  is  added  to  the  specific 
gravity  for  each  degree  above  15.5"  C.  The  tar  acids,  the  phenols,  are 
extracted  from  the  whole  fraction  if  less  than  100  c.c.  by  shaking  with 
one-half  its  volume  of  10  per  cent  caustic  soda  solution  in  a  graduated 
separatory  funnel.  After  carefully  separating  the  soda  solution  the  loss 
is  noted.  The  treatment  with  caustic  soda  is  repeated  till  the  loss 
becomes  constant.  Thb  loss  equals  the  tar  acids  and  is  usually  reported 
as  per  cent  by  volume.  The  carbolic  acid  in  the  soda  solution  can  be 
set  free  by  dilute  sulphuric  acid  and  the  volume  noted,  as  a  check,  20 
per  cent  being  deducted  for  included  water. 

The  oil  free  from  tar  acids  is  fractioned  by  a  Lebel-Henninger  tube 
to  170°  C,  170  to  200°  C,  and  a  residue.  The  fraction  to  170°  C.  is 
considered  crude  benzols,  including  benzene,  toluene,  xylene,  and  solvent 
naphtha.  The  second  fraction,  170-200°  C,  is  heavy  naphtha  and  the 
residue  is  heavy  oil.  The  residue  is  cooled  to  0°  C.  for  15  minutes  and 
drained  on  a  tared  filter  paper,  by  suction,  pressed,  and  weighed.  This 
is  the  naphthalene  often  spoken  of  as  pressed  naphthalene.  The  specific 
gravity  and  distillation  of  each  fraction,  as  well  as  of  the  residue, 
should  be  recorded.  As  these  fractions  are  often  quite  small,  a  1-c.c. 
Sprengel  specific  gravity  tube,  modified  as  shown  in  Fig.  191,  with  a  and 
c  of  capillary  tubing,  which  require  no  caps,  even  when  the  specific 
gravities  of  oils  as  volatile  aa  benzene  are  taken,  has  been  found  accurate 
and  rapid. 

The  fraction  from  200°  C.  to  soft  pitch  from  the  original  tar  is  the 
creosote  oil,  the  specific  gravity  of  which  is  taken  at  15.5°  C,  or  if 
not  limpid  at  that  temperature,  3°  above  the  limpid  point,  using  the 
same  correction  factor  as  for  the  specific  gravity  of  light  oil.  A  portion 
of  100  c.c.  is  distilled  in  a  200-c.c.  disUllii^  flask,  noting  the   distillate 
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at  each  even  10"  C,  also  at  205  and  315°  C.  Of  this,  90  per  cent 
should  be  distilled  off  and  the  tar  acids  determined  as  described  for  the 
U^t  oil  fraction,  the  whole  90  c.c.  beii^  extracted.  The  extracted  oil 
is  cooled  to  0°  C.  for  fifteen  minutes  and  the  naphthalene  drained, 
pressed,  and  weighed  as  explained  above.  The  per  cent  of  naphthalene 
13  calculated  to  the  weight  of  the  original  100  c.c.  of  heavy  oil. 

The  Creosoter's  test,  handed  down  from  English  practice,  having  been 
specified  by  Sir  Fredk.  Abel  in  the  early  eighties,  with  the  latest  modi- 
fications is  ss  follows:  Of  the  melted  oil,  100  gms.  is  weighed  into  a  tared 
tubulated,  8-oz.  retort.  A  nitrogen-filled  thermometer  graduated  in  de- 
grees to  350°  C.  is  fixed  in  the  tubulature  with  the  bottom  of  the  bulb 
one-half  an  inch  above  the  surface  of  the  oil.  The  retort  is  set  on  two 
thicknesses  of  a.20^neBh  wire  gause  at  least  6  ins.  square  and  the  whole 
bulb  and  at  least  2  ins.  of  the  neck  covered  with  a  shield  of  J-in.  thick 
asbestos  board  to  prevent  radiation  of  the  heat.  The  horizontal  distance 
from  the  bulb  of  the  thermometer  to  the  end  of  the  condenser  tube  must 
not  be  less  th'an  21  ins.,  nor  more  than  24  ins.  The  fractions  are  collected 
in  tared  bottles  or  cylinders  and  weighed.  The  per  cent  by  weight  of 
the  following  fractions  are  reported : 

Up  to  170°  C,  water  and  light  oils; 
170  to  200°  C, 


200  to  205°  C, 
205  to  210°  C, 
210  to  235°  C, 


light  oils  and  phenols; 

naphthalene,  naphthalene  oil,  and  pbeoola; 


235  to  270°  C„  naphthalene  and  anthracene  oil; 
270  to  315°  C.,  anthracene  and  anthracene  oil; 
315°  C,  up,       residue  in  the  retort. 

For  all  practical  purposes  it  is  sufficient  to  report  the  fractions  as 
follows: 

Below  200°  C,  water,  light  oil,  and  some  phenols; 

200  to  210°  C,  light  oil  and  phenols  with  some  naphthalene; 

210  to  235°  C,  naphthalene,  naphthalene  oil,  and  phenols; 

235  to  315°  C,  anthracene,  anthracene  oil,  and  some  naphthalene; 

Above  315°  C-,  residue. 

The  distillation  should  be  conducted  so  that  it  is  completed  in  from 
thirty^ve  to  forty-five  minutes  and  the  fraction  210  to  235°  C.  is  col- 
lected in  from  ten  to  twelve  minutes.  The  distillation  should  be  made 
on  the  dry  oil  if  more  than  allowed  amount  of  water  is  present,  which 
varies  from  2  to  5  per  cent  in  different  specifications.  If  it  is  necessary 
to  dry  the  oil  it  is  done  by  heating  to  205°  C.  m  a  retort  with  a  con- 
denser attached.  The  oil  in  the  distillate  is  separated  from  the  water 
and  again  mixed  with  that  in  the  retort. 
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The  specific  gravity  is  determined  with  a  hydrometer  at  a  few  degrees 
above  the  limpid  point  and  the  factor  .0008  used  to  correct  to  15.5"  C. 

The  U.  S,  Forestry  Service  prescribes  that  the  distillation  should  be 
made  in  a  special  Hempel  distilling  fiasi;.  250  gms.  of  the  oil  are 
weighed  mto  the  tared  flask;  a  loose  plug  of  coarse  platinum  wire 
in  the  constricted  portion  of  the  neck  supports  the  200  large  glass 
beads  which  partly  fill  the  column.  The  fiask  is  supported  on  an  asbestos 
board  in  which  a  hole  with  a  notched  outline  is  cut  almost  as  large  as 
the  largest  diameter  of  the  bulb  of  the  flask.  The  portion  of  the  bulb 
above  the  asbestos  board  and  below  the  column  is  covered  by  an 
asbestos  board  box,  and  an  Erlenmeyer-Argand  burner  is  used  as  the 
source  of  heat. 

The  distillation  is  run  at  the  rate  of  one  drop  per  second  and  the 
following  fractions  collected: 

Up  to  170"  C,  245  to  255°  C, 

170  to  205"  C,  255  to  285"  C, 

205  to  225"  C,  285  to  295"  C, 

225  to  235"  C,  295  to  305"  C, 

235  to  245"  C,  305  to  320"  C. 

The  indices  of  refraction  of  the  different  fractiooa  between  235  uid 
805°  C.  are  determined  at  60"  C.  in  a  refractometer  with  light  compensator. 
,The  fraction  distilling  between  305  and  320°  C.  is  treated  with  four  or  five 
times  its  volume  of  concentrated  sulphuric  acid  and  placed  in  the  steam 
bath  for  at  least  one  hour  with  frequent  shaking.  It  is  then  transferred  to 
a  convenient  measuring  apparatus  graduated  in  tenths  of  a  cubic  centi- 
meter. The  flask  is  rinsed  twice  with  concentrated  sulphuric  acid  and 
the  rinsings  added  to  the  main  portion.  After  standii^  for  one  hour 
the  unsulphonated  oil,  if  any,  is  read  and  the  ratio  of  its  volume  in  cubic 
centJmetere  to  the  weight  in  grams  of  the  original  oil  is  calculated.  The 
index  of  refraction  of  this  residue  should  be  low  (1.49  to  1.50)  and  it 
should  not  be  soluble  in  10  per  cent  caustic  soda  solution. 

The  Forest  Service  have  specifications  for  several  grades  of  creosote 
oil  based  on  the  above  analysis.  Grade  1  should  be  derived  from  the 
distillation  of  pure  coal  tar  and  free  from  any  adulteration  whatever 
or  any  undistilled  tar. 

For  water  in  excess  of  3  per  cent  deduction  will  be  made.  It  shall 
have  a  specific  gravity  at  60°  C.  of  not  less  than  1.04.  When  analysed 
by  the  above  method  it  shall  have  the  following  fractions  calculated 
on  the  moisture-free  basb  when  more  than  3  per  cent  of  water  is  present. 

Up  to  205"  C,  not  more  than  5  per  cent. ; 
Up  to  235°  C,  not  more  than  40  nor  less  than  5  per  cent; 
Up  to  250"  C,  not  more  than  50  nor  leas  than  15  per  cent; 
Up  to  295"  C,  not  more  than  65  nor  less  than  30  per  cent; 
At  355"  C,  the  residue  must  be  soft  and  not  sticky. 
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The  sulphonation  test  of  the  fractioa  between  305  and  320°  C.  shall 
leave  no  oily  re^due  insoluble  in  caustic  soda  solution.     . 

The  indices  of  refraction  at  60*  C,  shall  be  as  foUowB  for  the  following 
fractions: 

At  250°  C,  not  less  than  1.593,  nor  more  than  1.602; 
At  290°  C,  not  less  than  1.615,  nor  more  than  1.622; 
At  300°  C,  not  less  than  1.625,  nor  more  than  1.632. 

Grade  2  should  be  derived  from  the  distillation  of  coal  or  water  gas 
tar,  or  from  a  mixture  of  these  two.  It  must  not  contfun  any  undistilled 
tar. 

If  it  contmns  more  than  5  per  cent  of  water  a  reduction  in  price  will 
be  made  corresponding  to  the  excess.  The  specific  gravity  at  60°  C. 
shall  not  be  less  than  1X13.  When  analyzed  by  the  Forest  Service  method, 
it  shall   have  the  following   fractions  calculated  on  the   moisture-free 


Up  to  205°  C,  not  more  than  20  per  cent, 
Up  to  235°  C,  not  more  than  55,  nor  less  than  5  per  cent; 
Up  to  250°  C,  not  more  than  65,  nor  less  than  15  per  cent; 
Up  to  295°  C,  not  more  than  80,  nor  less  than  30  per  cent. 

The  indices  of  refraction  at  60°  C.  shall  be  as  follows: 

At  250°  C,  not  less  than  1.59; 
At  290°  C,  not  leas  than  1.602; 
At  300°  C,  not  less  than  1.61. 

The  volume  in  cubic  centimeters  of  the  sulpbonation  re«due  in  the 
fraction  305  to  320°  C.  shall  not  be  greater  than  one-tenth  of  the  weight 
in  grams  of  the  fraction. 

Heavy,  high-boiling  oils  only  are  suitable  for  open-tank  method 
of  treatment,  and  are  also  better  preservatives.  It  was  customary  to 
specify  from  8  to  10  per  cent  tar  acids,  but  this  is  not  a  part  of  the 
above  Forest  Service  specifications.  There  seems  to  be  no  doubt  that 
the  phenols  aid  in  the  preservation  of  wood  by  coagulating  the  albumen, 
but  they  do  not  remain  as  long  in  the  wood  as  the  higher  boiling  and 
solid  compounds,  such  as  naphthalene. 

Examination  of  Pitch.  Owing  to  its  complex  composition  and  the 
little  that  is  known  about  its  constituents,  the  tests  that  are  applied 
to  it  are  designed  to  show  the  relation  of  certain  physical  properties 
in  different  samples,  and  are  therefore  mostly  physical.  They  include 
specific  gravity,  evaporation,  melting-point,  softening-point,  breaking- 
point,  slide  test  and  free  carbon  determination. 

The  free  carbon  is  determined  in  the  same  manner  as  for  tar,  the  pitch 
being  made  into  strings  before  weighing  to  present  a  lai^  surface  to 
action  of  the  solvents. 
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Tlie  evaporation  U  determined  by  heating  in  an  air  bath  at  160° 
C.  for  seven  hours.  Ten  grama  are  weighed  into  a  metal  dish  dmilar 
to  those  used  in  milk  analysis  and  the  loss  in  weight  noted. 

The  breaking-pomt  ia  found  by  fastening  several  small  pieces  of  pitch 
to  a  copper  plate  by  carefully  heating  it  so  that  the  pitch  melts  slightly 
and  adheres  firmly.  It  is  then  placed  m  tepid  water  and  allowed  to  remain 
five  minutes  to  acquire  the  temperature  of  the  water.  The  point  of  a 
small  knife  blade  is  slid  along  the  plate  till  it  touches  the  pitch,  then 
slowly  wid  forcibly  rwsed,  edge  first,  through  it.  If  the  pitch  is  still 
soft  the  blade  will  be  shoved  through  without  scaling  off  any  of  the  pitch. 

The  temperature  is  lowered  after  each  trial  by  the  addition  of  cold 
water;  after  standing  five  minutes  the  blade  b  forced  through  it  agun. 

If  the  breaking-point  is  reached  the  pitch  will  scale  off  with  a  con- 
choidal  fracture. 

Meliing-point.  The  apparatus  consists  of  a  mold  for  making  ^-tn. 
cubes  of  pitch,  a  beaker  of  about  600  c.c.  capacity,  supported  on  a  piece 
of  asbestos  board,  a  thermometer  graduated  in  degrees.  Several  wires 
are  bent  as  shown  in  the  cut  so  as  to  support  the  cube  of  pitch  being  tested, 
which  is  exactly  I  in.  from  the  bottom  of  the  beaker,  and  a  Bunsen  burner 
is  so  adjusted  that  the  temperature  of  the  hquid  in  the  beaker  will  be 
nused  5°  C.  each  minute. 

For  soft  and  medium  pitches  meltmg  below  90°  C,  distilled  water 
is  the  bath  in  which  the  cube  is  suspended,  but  for  higher  melting-points 
glycerine,  cotton-seed  oil,  or  calcium  chloride  solution  are  suitable 
liquids.  Several  cubes  are  supported  in  the  bath  so  that  the  under  side 
of  each  is  exactly  1  in.  from  the  bottom  of  the  beaker.  A  cube  is  taken 
out  from  time  to  time  and  twisted  with  tongs;  when  one  can  be  readily 
twisted  completely  around  twice  without  breaking  the  softening-point 
is  reached.  The  meltuig-point  is  noted  when  the  cube  of  pitch  drops 
and  just  touches  the  bottom  of  the  beaker.  The  bulb  of  the  thermometer 
should  be  so  placed  that  the  bottom  of  it  is  at  the  same  height  as  the 
bottom  of  the  cube.  In  the  case  of  low  melting-point  pitch  it  is  advis- 
able to  allow  the  cube  to  rest  in  the  bath  for  five  minutes  before  applying 
the  heat.  This  method  will  give  duplicates  with  not  more  than  2  or  3° 
maximum  variation,  even  when  made  by  different  operators. 

The  slide  or  flow  test,  together  with  the  melting-  and  breaking -points, 
is  designed  to  give  information  of  the  relative  fitness  of  pitches  for 
roofing  purposes.  A  J-in.  cube  of  pitch  is  fastened  to  a  grooved  cop- 
per plate  by  sUghtly  heating  the  plate.  The  plate  is  then  inclined  at 
an  angle  of  30",  and  placed  in  an  air  bath  kept  at  exactly  40°  C.  for 
twelve  hours.  The  length  of  Ih?  stream  of  pitch  is  measured  and  com- 
pared with  other  samples  known  to  be  satisfactory  under  given  conditions. 
It  is  quite  important  that  the  slide  be  insulated  by  asbestos  board  from 
the  metal  of  the  oven  and  that  the  temperature  be  maintained  at  exactly 
40°  C,  as  slight  variations  in  the  temperature  will  render  the  results 
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valueless.  The  grooved  plate  has  several  grooves  and  it  is  customary 
to  test  several  samples  at  once. 

The  specific  gravity  of  pitch  is  determiDed  in  any  maimer  satisfactory 
for  solids.  The  weighing  bottle  previously  described  for  tar  will  be  found  a 
very  good  substitute  for  the  ordinary  specific  gravity  bottle  for  this  work. 

The  Examination  of  Light  Oil,  Crude  Naphdtas,  and  Refined  Benzols. 
The  usual  requirements  of  the  examination  of  light  oil  are  met  by  the 
tests  prescribed  for  the  fraction  of  the  distillate  from  tar  up  to  200"  C,  but 
occasionally  it  is  desirable  to  determine  approximately  the  constituents  of 
the  oil  and  a  larger  sample,  frequently  two  to  four  liters,  is  worked  as  follows. 

The  tar  acids  and  pyridines  are  removed,  the  former  by  caustic  soda 
as  previously  described  under  the  examination  of  tar,  and  the  pyridines 
by  dilute  sulphuric  acid,  sp.gr.  1.15.  The  acid  solution  from  the  pyridine 
extraction  is  heated  on  a  steam  bath,  water  being  added  from  time  to 
time,  to  replace  that  lost  by  evaporation,  till  the  addition  of  water  no 
longer  produces  a  cloudiness.  The  bases  are  then  set  free  by  strong 
caustic  soda  solution  and  their  volume  measured. 

If  it  is  desired,  the  bases  suitable  for  denaturing  alcohol  can  be 
determined  by  distilling  the  above  alkaline  solution  and  separated 
bases  until  no  further  trace  of  pyridine  comes  over  with  the  distillate. 

The  distillate  is  mixed  with  four  tunes  its  volume  of  absolute  alcohol. 
10  c.c.  of  this  solution  is  further  diluted  with  50  c.c.  absolute  alcohol 
and  agitated  with  2  c.c.  of  a  concentrated  aqueous  solution  of  cadmium 
chloride.  After  twenty-four  hours  the  crystals  that  have  formed  are 
transferred  to  a  tared  filter,  dried  at  100°  C,  and  weighed.  The  dry 
crystals  contam  46  per  cent  of  pyridine  bases  that  comply  with  the 
specifications  for  denaturing  alcohol. 

After  the  phenols  and  pyridines  have  been  removed,  1000  c.c. 
of  the  extracted  oil  is  distilled  in  a  2000  c.c.  copper  still,  similar  in 
design  to  those  used  for  tar  testing.  The  still  is  fitted  with  a  &-bulb 
Lebel-Henninger  fractioning  tube  with  copper  or  platinum  gauze  in  the 
bottom  of  each  bulb  to  aid  in  mii^ling  thoroughly  the  vapor  and  con- 
densate. The  thermometer  is  adjusted  so  that  the  top  of  the  bulb  is 
level  with  the  side  tube.  Connection  is  made  to  a  Liebig  condenser 
or  one  like  those  described  under  tar  testing  and  the  distillation  carried 
on  at  the  rate  of  2  to  3  drops  per  second. 

Fractions  are  taken 

Up  to   75°  C  low-boiling,  unsaturated  bodies  and  some  benzene. 

75  to    95°  C,  crude,  90  per  cent  benzol. 

95  to  105°  C,  intermediate  fraction  distilling  60-65  to  100°  C. 
105  to  125°  C,  crude  toluol. 

125  to  170°  C,  crude  solvent  naphtha  boiling  90  per  cent  to  160°  C. 
170  to  200°  C,  crude  heavy  naphtha  boiling  about  80-90  per  cent  to 
200°  C. 
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These  fractions,  except  the  last,  are  shaken  in  a  separatory  funnel 
with  I  per  cent  of  concentrated  sulphuric  acid  in  two  portions.  Each 
portion  is  vigorously  agitated  for  five  minutes  and  the  settled  acid  tar 
carefully  drawn  off.  After  the  second  treatment  with  acid  the  oil  ia 
washed  twice  with  water,  then  with  caustic  soda  solution  1.116  sp.gr. 
and  finally  with  water  again.  The  final  traces  of  water  may  be  removed 
by  passing  through  a  dry  filter  and  a  distillation  made  as  described 
below.  The  distillations  are  compared  with  Tables  I,  II,  III,  and  IV, 
from  which  the  approximate  yield  of  the  various  constituents  can  be 
computed. 

Mr.  G.  E.  Davis  uses  the  following  tables  for  estimating  the  probable 
yield  of  50  and  90  per  cent  benzol  and  toluol  in  naphthas. 

The  distillation  of  crude  and  refined  benzols  is  conducted  in  a  200 
C.C.  distilling  flask  with  the  side  tube  at  the  nuddle  of  the  neck,  usii^ 
100  C.C.  of  the  sample.  The  flask  should  be  supported  on  a  6-in.  square 
sheet  of  J-in.  asbestos  board  in  which  is  cut  a  circular  bde  not  over  1  in. 
in  diameter. 

The  asbestos  sheet  prevents  superheating  the  vapors  by  radiation 
when  the  distillation  is  endii^.  In  distilling  high-boifing  oils  the  bulb 
of  the  fiask  above  the  supporting  sheet  of  asbestos  board  should  be 
covered  by  a  box  of  sheet  asbestos  to  protect  the  bulb  from  drafts  of 
cold  air.  A  Bunsen  burner  is  the  best  source  of  beat.  The  thermometer 
is  adjusted  with  the  bulb  just  below  the  side  tube. 

The  distillation  is  conducted  at  the  rate  of  about  two  drops  per 
second,  so  that  the  whole  100  c.c.  distills  in  20  to  25  minutes.  The  first 
drop  falling  from  the  condenser  is  noted  as  1  c.c.  and  the  amount  col- 
lected at  each  5°  is  noted.  For  the  ordinary  commercial  benzols  a 
thermometer  graduated  in  degrees  is  satisfactory,  but  for  pure  benzol 
and  toluol  the  graduations  should  be  -^  degrees  centigrade.  Com- 
mercial benzols  may  contain  sulphurous  acid  set  free  from  unstable 
compounds  formed  in  washing.  A  strip  of  moistened  iodate  of  starch 
paper  may  be  hung  at  the  mouth  of  the  condenser  to  detect  it. 

The  barometer  materially  influences  the  boiling-point  of  pure  benzol, 
toluol,  and  xylol,  and  a  corrction  of  the  observed  thermometric  read- 
ing must  be  made  by  adding  if  below  760  mm.  and  subtracting  if  above 
that  pressure  the  product  of  the  difference  in  millimeters  from  the 
standard  barometric  pressure  by  one  of  the  following  factors:  for  pure 
benzene,  0.043,  for  toluene,  0.047,  and  for  xylene,  0.052. 

The  test  for  the  amount  of  acid  washing  of  refined  benzol  is  made 
by  shaking  vigorously  and  thoroi^hly  approximately  7  c.c.  of  96  per 
cent  C.P.  sulphuric  acid  with  approximately  21  c.c.  of  the  oil  to  be 
tested  for  15  to  20  seconds  in  a  1-ounce  French  square,  flint  glass,  glass- 
stoppered  bottle,  allowing  to  stand  for  15  minutes  for  all  grades  of 
refined  benzols  except  refined  solvent  naphtha  and  refined  heavy  sol- 
vent naiAtha  which  latw  are   allowed  to  stand  only  5  minutes  before 
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COAL  TAR  AND  ITS  DISTILLATION  PHODDOTS 


MIXTUEES  OF  TOLUENE  AND  SOLVENT  NAPHTHA 
(lowing  the  distillation  of  deEnite  mixturee) 


Toluaoe 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Tohiene 

Solvent 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Solvent 

110*  C. 

I 

llO^C. 

1 

1 

1 
3 

82 

46 

28 

1 

1 

2 

93 

79 

66 

42 

23 

1 

122°  " 

4 
27 
53 
64 
75 

1 
13 

34 
55 
70 

122'" 

125'"' 
130"" 
135"' 
140°" 
146"" 

95 
96 
97 

"as" 

dry 

89 
91 
93- 
94 
95 

80 
86 
89 
91 
93 

64 

77 
83 
87 
90 

52 
69 

78 
84 

88 

34 
55 
70 

77 
88 

27 
«2 
60 
70 
79 

126°" 
130°" 
135°" 
140°" 
146°  " 

150°" 
155°" 

96 
97 
dry 

94 
95 

92 
94 

91 
94 

89 
92 

85 
90 

85 
89 

80 

87 

150°" 
155°" 

160°" 

06 

95 
96 

96 
97 

97 

93 
95 

94 
96 

92 
94 

160°  " 

dry 

169°" 

dry 

169°" 

98 

97 

97 

96 

dry 

dry 

174'  " 

99 
dry 

98 

98 

ITS"" 

dry 

dry 

178°" 

being   cwnpared   with   the  standard  solutions  contained  in  bottles  de- 
scribed above.  . 

The  tar  production  of  the  world  waa  summarized,  in  an  article  by 
Rusaig  in  the  Ckemiache  Zeitackrift,  as  1,899,400  tons  in  1900,  exclusive 


Coal  gaa  tar 

Coke  oven  tar 

Water  gaa  tar 

The  CMUUB  also  reports  as  used: 

CoaltftT 

Water  gas  tar 

There  were  imported: 

Crude  tar  and  pitch 

EstiiQated  to  equal  in  tons. . . 


60,900  tone 
47,500  " 
342,306    " 


77,643  t( 
131,117 
259,934 
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MIXTURES  OF  60%  WITH  50%  BENZOL 
By  G.  E.  D  .via 


eo%  B«Moi. 

60%'bSJo]'. 

nntDrop. 

Percent 
Bt  100°  C. 

PuCeot 
■(  ISO"  C. 

0 

100 

92- C. 

50 

90 

6 

95 

62°" 

51 

92 

10 

90 

91°  " 

51.6 

92 

18 

85 

91°" 

53 

92 

20 

80 

90°" 

56 

92 

25 

75 

90°" 

60 

93 

30 

70 

90'" 

65 

93 

35 

65 

90°" 

67 

94 

40 

60 

88°" 

69 

94 

48 

55 

88°  " 

70 

94 

50 

50 

87°" 

71 

94 

55 

45 

87°  " 

73 

94 

60 

40 

86°" 

76 

95 

65 

35 

86°" 

78 

95 

70 

30 

86°" 

79 

96 

76 

25 

86°" 

84 

96 

80 

20 

85° '■ 

84 

97 

85 

-15 

84°" 

86 

97 

90 

10 

84°" 

88 

dry 

95 

5 

84°" 

89 

dry 

100 

0 

84°" 

90 

dry 

MIXTURES  OF  90%  BENZOL  WITH  COMMERCIAL  TOLUOL 
By  G.  E.  Davis 


Per  Cent  of 

Pet  Out 

Hm  Drop. 

PerCeot 

Per  Cent 

Percent 

Percent 

90%  B.ii»l. 

Toluol. 

M  100°  C. 

•t  106°  C 

UllO'C. 

M  120*  C. 

0 

100 

103° 

0 

7 

50 

94 

5 

95 

102° 

0 

21 

69 

94 

10 

90 

101° 

0 

30 

66 

94 

AS 

85 

100° 

0 

38 

08 

95 

ao 

80 

.97° 

9 

43 

73 

95 

25 

75 

95° 

16 

53 

76 

95 

30 

70 

96° 

23 

59 

78 

96 

35 

65 

94° 

43 

60 

80 

96 

40 

60 

93' 

43 

66 

82 

96 

45 

56 

92° 

46 

71 

85 

97 

60 

50 

91° 

52 

-  72 

86 

97 

65 

46 

91° 

58 

76 

86 

97 

60 

40 

91° 

60 

78 

88 

97 

66 

35 

90° 

65 

81 

89 

97 

70 

30 

89° 

71 

83 

91 

97 

75 

25 

88° 

76 

85 

91 

9B 

SO 

20 

87° 

77 

87 

92 

96 

85 

15 

86° 

83 

93 

98 

90 

10 

85° 

86 

91 

94 

dry 

95 

5 

84° 

88 

93 

96 

dry 

100 

0 

84° 

90 

94 

96 

diy 
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MIXTDRES  OF  50%  BENZOL  WITH  COMMERCUL  TOLUOL 
Bt  G.  E.  Davis 


PwCcBt 

PnCcBl 

FliMDrop. 

Per  C«nt 

Far  Cent 

Far  Cent 

Per  Cant 

W%B«mA. 

Toluol. 

.C lOO" C. 

«  108- C. 

■t  110'  C. 

*t  120'  C. 

100 

0 

02'' 

50 

68 

80 

91 

96 

5 

93° 

45 

64 

76 

91 

90 

10 

94° 

33 

60 

73 

90 

85 

15 

94° 

30 

68 

73 

90 

80 

20 

95° 

28 

57 

72 

90 

75 

26 

95° 

26 

66 

71 

90 

70 

30 

96° 

22 

48 

67 

90 

05 

35 

96° 

19 

47 

65 

90 

60 

40 

96° 

15 

46 

65 

90 

65 

46 

97° 

12 

44 

65 

90 

50 

50 

98° 

8 

42 

64 

90 

45 

56 

98° 

4 

34 

57 

90 

40 

60 

99° 

0 

28 

56 

90 

35 

65 

100° 

0 

25 

65 

90 

30 

70 

100° 

0 

23 

53 

90 

25 

75 

100° 

0 

21 

53 

00 

20 

80 

100° 

0 

16 

48 

00 

16 

86 

101° 

0 

14 

46 

00 

10 

90 

102° 

0 

13 

45 

00 

5 

95 

103* 

0 

10 

44 

90 

0 

100 

103° 

0 

0 

39 

00 

of  btasVfumace  and  water-gaa  tars.  In  the  table  given  on  the  bottom 
of  page  585,  the  U.  S.  Census  reports  the  production  of  the  United 
States. 

Statements  have  been  made  that  only  20  to  30  per  cent  of  the  tar 
produced  in  the  United  States  was  taken  by  the  tar  distillers.  From 
the  above  figures  it  would  seem  that  all  of  the  coaJ  tar  and  a  large 
portion  of  the  water-^as  tar  was  used  by  the  distillers. 
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CHAPTER  XXn 

THE  PETROLEUM  INDUSTRY 

THOMAS  T.  GRAY 

CoD8u]tuig  Petroleum  Engineer,  Elissbeth,  N.  J. 

Petroleum.  Petroleum,  from  two  Latin  words:  Pefra,  a  rock,  and 
■  Oleum,  oil,  is  an  inflammable  oily  liquid  of  characterietic  odor,  generally 
found  in  large  quantitiea  in  porous  rocks  called  sandstones — of  practically 
all  geological  ages  of  the  earth's  crust  from  the  Lower  Silurian  to  the  latter 
part  of  the  Tertiary,  and  is  usually  overlaid  by  an  impervious  formation. 
In  appearance  it  varies  widely,  some  being  found  of  light  yellow  color  and 
very  limpid,  while  others  are  almost  black  and  of  high  viscosity.  The 
specific  gravity,  according  to  Redwood,^  varies  from  0.771  to  1.06  (51.5 
to  2.3°  Beaum6). 

The  occurrence  of  petroleum  has  been  known  since  450  b.c.^  at  Kirab, 
in  Persia.  The  early  settlers  in  America  found  the  Seneca  Indians  gath- 
ering it  from  what  is  now  Oil  Creek,  near  Oil  City,  Pennsylvania.  It 
was  also  associated  with  the  brine  from  the  salt  wells  of  the  Kanawha 
Valley  in  West  Virginia. 

Mr.  George  H.  Bissell,  a  New  York  lawyer,  was  the  first  man  to  pro- 
pose drilling  for  oil,  and  in  1858  the  Seneca  Oil  Co.,  organized  by  him, 
engaged  the  services  of  Mr.  E.  L.  Drake  as  superintendent,  and  started 
operations  on  a  plot  of  ground  leased  from  the  Pennsylvania  Rock  Oil 
Company.  After  many  delays  they  were  finally  rewarded  by  Btriking 
a  25-barrel  ^  well  at  a  depth  of  69  ft.,  in  August,  1859.  This  marked  the 
b^iiming  of  the  petroleum  industry. 

Origin  of  Petroleum.  The  ori^n*  of  petroleum  has  been  the  subject 
of  much  discussion  among  scientists  throughout  the  world,  the  theories  set 
forth  being  divided  into  two  groups  the  inoi^anic  and  the  organic.  The 
inorganic  theories  consider  petroleum  to  have  been  produced  by  the  reac- 
tion of  inorganic  substances.  Bertbelot  believed  it  to  have  been  formed 
by  the  action  of  steam  and  carbon  dioxide  on  highly  heated  alkali  metals, 
which,  according  to  Daubree's  hypothesis,  were  supposed  to  exist  in  the 

' "  Petroleum  and  its  Products,"  by  Sir  Boverton  Redwood. 

*  The  early  writinga  of  Herodotus;  Bibliogr&pby  of  the  Annual  Report  of  Ui«  Geo. 
Survey  of  Penna.,  1886. 

'A  well  yielding  twenty-five  42-gAUoD  barrels  per  day. 

*  For  a  otore  detailed  description  of  the  origin  of  petroleum,  the  reader  is  referred 
to  "  Petroleum  and  it«  Products,"  Vol.  I,  Sir  Bovertou  Redwood. 
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depths  of  the  earth.  Mendelejeff  believed  it  to  have  been  formed  by  the 
*  action  of  water  on  highly  heated  metallic  carbides.  These  theories  have 
been  supported  by  laboratory  experiments,  yet  they  are  not  in  accord 
with  the  geological  conditions  under  which  petroleum  is  found. 

The  organic  theories  that  petroleum  has  resulted  from  the  decomposi- 
tion of  either  animal  or  vegetable  matter,  or  both,  comply  more  fully 
with  the  views  held  by  the  geologista,  and  have  also  been  supported  by 
laboratory  experiments.  Peckham '  believed  that  petroleum  was  pro- 
duced by  the  slow  distillation  of  animal  and  vegetable  matter  at  a  low 
temperature;  Phillips*  and  Sterry  Hunt,^  that  it  was  due  to  the  de- 
composition of  vegetable  matter  under  water  and  in  the  absence  of  air. 
Orton*  considered  Pennsylvania  petroleum  to  have  been  derived  from 
organic  matter  of  bituminous  shale,  probably  vegetable;  and  Canadian 
oil  produced  from  limestone,  probably  animal. 

Constitution.  Crude  petroleum  consists  essentially  of  a  complex  mlx- 
,ture  of  hydrocarbons  of  different  boilii^  points,  often  accompanied  by' 
small  percentages  of  oxygen,  sulphur,  and  nitrogen  compounds.  The  oils 
produced  from  different  localities  often  vary  widely  in  chemical  composi- 
tion, but  they  are  all  refined  by  the  same  general  methods. 

The  following  table  ^  given  by  F.  W.  Bushong  shows  the  ultimate 
chemical  composition  of  samples  obtained  from  different  localities: 


8p,0r. 

Fidd. 

Cwbon. 

Sulphur. 

Nitr^™. 

86.06 
85.80 
85.46 
84.57 
83.94 
85.43 
86.25 
85.63 
85.05 
84.00 
85.33 
86.06 
86.32 

13.89 
14.04 
13.91 
13.62 
13.37 
13.07 
13.48 
12.44 
12.30 
12.70 
11.80 
11.45 
11.70 

0.06 

6!48 
0.72 
0.90 
0.37 

6  "37 

1.76 
0.40 
0.15 
0.87 
0.84 

0.862 
0.865 

Petrolia,  Canada  (236)..;..., 
Cherryvale,  Kan.  (237) 

0.912 
0.912 

Humboldt,  Kan.  (237) 

Beaumont,  Tex.  (238) 

0.940 
0.9458 
0.9845 

Humboldt,  Kan.  (237) 

McKittrick,  Cal.  (240) 

Santa  Barbara,  Cal.  (236). . . . 

Z3S    EokIbt. 

23a     Mi£sry 

«0,  S23,  IMM. 


1.  Dguueh.  Cfaeir 


I..  28.  2fi01,  IBBG. 


r.  Chem.  Jr.  17,  713.  1865:    13,   SS,  140,  196fl:    Proc.  Amsr.  Acad.  I 
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TTie  oil  refiner  divides  petroleum  into  two  general  classes,  viz.:   the 
"  parafBn-base,"  those  yielding  solid  hydrocarbons  of  the  paraffin  series 

■  United  States  Census  Report,  1880. 

■  Pbillipe  Amer,  Cbem.,  XVI,  p.  429. 

•  Bull  Soo.  Geol.,  XXIV,  p.  570. 

'  Report  on  the  occurrence  of  petroleum,  natural  gas,  and  asphalt  rock  in  Weatem 
K«ttucky.  1892. 

*  University  Oeol.  Surrey  of  Kansas,  Vol.  IX,  1008. 
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CdH2b4-3;  and  the  "  asphalUc-baee,"  or  those  rich  in  asphalt  and  con- 
taining practically  no  solid  paraffins.  There  ia,  however,  no  sharp  line  of 
distinction,  as  some  of  the  oils  from  Kansas,  Oklahoma,  Northern  Texas, 
and  Illinois  contain  both  asphalt  and  paraffin. 

Locali^.  The  oil  from  Pennsylvania,  of  the  Appalachian  field,  which 
includes  Pennsylvania,  New  York,  Southeastern  Ohio,  West  Virginia, 
and  Kentucky,  is  generally  considered  the  best  grade  of  petroleum  pro- 
duced in  lat^e  quantities.  Tliis  is  a  "  paraffin-baae  "  oil,  but  contains 
small  quantities  of  the  olefin  series  CdHid,  the  benzene  series  CnHaB-o, 
and  traces  of  the  naphthene  series,  which  are  hydrogen  addition  products 
of  the  benzene  series,  and  isomeric  with  the  c^efin  series.  The  color  by 
transmitted  li^t  varies  from  amber  to  red,  and  by  reflected  light  is  green, 
due  to  the  so-called  "  bloom  "  or  fiuorescence.  In  specific  gravity  it 
ranges  generally  from  .8641  to  7821  (32.0  to  49.0°  Beaum^).  It  contains 
very  little  sulphur  (.06  to  .084),  practically  no  asphaltic  matter,  and 
gives  a  good  yield  of  gasoline,  illuminating  oils,  and  paraffin  wax. 

The  Canadian  oil  and  that  from  Lima,  Ohio,  are  also  paraffin-base 
oils;  but  as  they  are  high  in  sulphur  (Lima  *  oil  0.6  per  cent,  and  Petrolia, 
Canada,!  q  gg  pgp  cent),  the  illuminating  oils  separa  ed  from  them  have 
to  be  desulphurized  in  order  to  make  them  merchantable. 

The  petroleum  from  Illinois  is  lower  in  sulphur  (.25  per  cent  to  .32 
per  cent),  much  of  it  being  refined  without  special  treatment;  but  that 
from  some  pools  contains  asphalt  as  well  as  solid  paraffin,  as  do  some 
from  Kansas,  Oklahoma,  and  Northern  Texas. 

The  California  ^  oils  are  of  the  asphaltic  type  and  are  made  up  of  a  large 
proportion  of  nitrogen  bases  of  the  pyridin,  or  hydropyridian,  and  chinolin 
type.  They  also  contain  members  of  the  terpene  series,  CbHzb-4,  and 
the  benzene  series,  CnHsn-a,  as  does  the  oil  from  Beaumont,  Texas- 
There  are  small  quantities  of  petroleum  produced  in  Pennsylvania, 
West  Virginia,  and  other  localities,  which  possess  lubricating  qualities  in 
their  natural  state,  and  need  only  to  be  strained  before  they  are  placed 
on  the  market;  but,  as  the  production  is  small,  these  oils  are  only  of 
passing  interest. 

Of  the  other  countries,  Russia  is  the  largest  producer.  The  oil  from 
Baku  differs  chemically  from  the  Pennsylvania  oil  in  being  made  up  largely 
of  the  "  naphthene"  series,  which,  according  to  Markownikow '  and 
and  Ogloblin,  constitutes  80  per  cent. 

Smaller  fields  exist  in  Sumatra,  Java,  Borneo,  Galicia,  Roumaoia, 
Egypt,  Persia,  Africa,  India,  Japan,  Mexico,  Germany,  Peru,  and  Italy. 

The  following  tables  give  the  rank  of  the  petroleum  producing  coun- 
tries, with  the  quantity  produced  and  the  percentage  of  each  in  1915,  and 
since  1857: 

'  Mabery. 

*  Prof.  F.  W.  Bushong,  Univ.  Kansas  BuU.  Vol.  IX,  p.  307. 

■Jour.  Chem.  8oc.  XLII,  390;  XLVl.  1276. 
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WORLD'S  PRODUCTION  OF  CRUDE  PETROLEUM,  IN  1915 
AND  SINCE  1857,  BY  COUNTRIES  ■ 


Barrels  of  42  gallons 


PaoDtrcnoN,  1B15. 

Total  P»ODUonoN,  1S67-1916. 

Country. 

B^tarfW 

MMrie  lota. 

'£?" 

■^sss" 

Metrio  ton*. 

Pertent- 

Uoited  States,.. 

0281,104,104 
68.548,062 
32,910.508 
12,386,808 
12,029,913 
8,202,674 
4,158,899 

3,118,464 
2,487,251 
995,764 
C750.000 
516.120 
221,768 
215,464 
39,548 
clO.OOO 

037,480,547 
9.353,077 
4.388,068 
1.710,445 
1,673,146 
1,093,690 
578,388 

415.785 
331.633 
cl40,000 
100.000 

75,900 
29,569 
28,729 
c5,500 
1,333 

66.73 
16.03 
7.69 
2.90 
2.81 
1.92 
.97 

.73 
.58 
.23 
.18 
.12 
.06 
.05 

1    »' 

03,616,561,244 
1,690,781,907 
123,270,377 
148,999,921 
130,012.387 
81.692,385 
136.032,600 

30,169,622 
16,794,223 
13,961,333 
2,819,430 
1,033,121 
1,308,496 
23,709,074 
f          842,020 
1          372,000 

0482.208,266 

222,984,256 
16,420,008 
20,087,939 
17.477,878 
10.878,984 
18,918,364 

4,022,606 

2,239.229 

1,876,974 

375,924 

151,693 

174.466 

3,161,210 

119,279 

49,600 

60.09 

Mexico 

Dutch  E.  Indifst 
Roumania 

2.06 
2.48 
2.16 

Japan  and  For- 

Genmuiy 

Trinidad 

ArBentina 

,23 
.06 
.02 

Canada 

Italy 

.39 

Other  countries.. 

.01 

427,695,347 

67,405,809 

100.00 

6,018.260.040 

801,145.676 

100.00 

a  HukMed  produotioD. 


b  Includs  Blitiih  Bon 


Production.  Crude  petroleum  is  obtained  by  drilling  through  the 
overlying  strata  to  the  oil  producing  sands  beneath,  proceeding  in  prac- 
tically the  same  manner  as  in  borii^  an  artesian  water  well.  The  depth 
of  the  wells  depend  on  the  locality.  In  Pennsylvania  the  depth  varies 
from  300  to  3700^  ft.  It  sometimes  happens  in  drilling,  when  the  oil 
bearing  stratum  is  tapped,  that  the  oil  rushes  out  of  the  well  with  great 
force,  due  to  confined  gas;  such  a  well  is  called  a  "  gusher."  Some  of 
the  hig  gushing  wells  of  Russia  have  started  producing  at  the  rate  of  200,- 
000  barrels  of  oil  per  day.  The  famous  Lucas  well  struck  at  Spindle  Top 
near  Beaumont,  Texas,  on  Jan.  10,  1891,  at  a  depth  of  from  1029  to 
1069  ft.,  is  estimated  to  have  started  gushing  at  the  rate  of  70,000 
barrels  per  day,  and  probably  flowed  500,000  barrels  before  it  could 
be  capped. 


'  "Petroleum  in  1915,"  by  John  D.  Northrop,  Dept.  of  the  Interior,  U.  S 
Survey, 

■  "Petroleum  and  i4«  Products,"  by  Sir  Boverton  Redwood. 


.  Geologica] 
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Although  we  are  producing  more  oil  now  than  ever  before,  owing  to 
the  development  of  new  fields,  the  older  fields  are  slowly  diminishing  in 
production.  According  to  the  U.  S.  Geol.  Report  for  1912,  Pennsylvania, 
In  1891,  produced  33,009,236  barrels,  and  Texas,  in  1905,  produced 
28,136,189  barrels;  Pennsylvania,  in  1912,  produced  only  '  ,837,948, 
and  Texas,  11,735,057  barrels. 


Fia.  249. 

The  production  of  a  welt  is  sometimes  increased  by  "  shooting,"  i.e., 
by  exploding  a  shell  of  nitro-glycerine  in  the  producing  zone.  Photo- 
graph, Fig.  249,  shows  a  well  spouting  after  being  shot! 

As  the  Pennsylvania  petroleum  is  of  excellent  quality,  it  is  found  profit- 
able to  pump  wells  yielding  only  one-fourth  barrel  per  day;  Buch  wells  are 
connected  in  series  and  worked  as  a  unit. 

>U.  S.  Qeol.  Survey  Bull.  "The  Production  of  Petroleum  in  tS02,"  P.  H. 
OOpbuat. 
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The  petroleum  as  produced  is  always  accompanied  to  a  greater  or  less 
degree  by  water  and  B.  S.  (bottom  settlii^).  The  water  is  removed  by 
BettUng,  and  also  the  B.  S.,  if  it  is  earthy  matter,  or  inert  organic  matter; 


Fio.  250. 

but  in  case  of  Pennsylvania  petroleum,  where  it  is  principally  an  emul- 
sion of  amorphous  paraffin  wax  and  water,  it  is  refined  with  the  crude 
oil  after  the  water  has  been  separated. 

Petroleum  is  transported  great  distances  from  the  fields  to  the  storage 
tanks  (30,000  to  75,000  barrels  capacity)  of  large  refineries,  through  pipe 
lines  of  from  4  ins.  to  8  ins.  in  diameter,  the  average  line  being  6  ins.     The 


Fio.  251.— .4.  StiU;  B.  .iab-pit;  C.  FiUing;  D.  Flue;  B.  Fire-box;  F.  Manholes; 
G.  Filling  lioe;  H,  Pumping  nut  line;  /.  Dome;  /.  Goose  neck;  K.  Safety 
valve;  L.  CondenBer  box;  M.  Condenser  coil;  N.  Tail  house;  O.  Gaa  trap; 
P.  Look-box;  Q.  Manifold. 

longest  distance  known  to  the  writer  is  from  the  Oklahoma  field,  via 
Kansas  City  and  Chicago,  to  the  seaboard,  a  distance  of  about  1600 
miles. 

Refining.    The  first  step  in  the  separation  of  petroleum  into  its  vari- 
ous products  is  fractional  distillation,  and  this  is  modified  according  to 
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the  nature  of  the  crude  oil,  and  the  producte  desired.    The  horizontal 
steel  stills '  used  for  this  operation  vary  in  construction,  but  those  in  gen- 


FiG.  262. 

eral  use  in  this  country  '  are  cylindrical  steei  shells  set  in  brickwork,  as 
shown  in  Figs.  260  and  251,  the  upper  half  being  exposed  except  for  an 

iron  jacket  covering.     The  largest  

stills  of  this  type  are  about  42  ft, 
long  by  15  ft.  in  diamet«r,  with  a 
charging  capacity  of  about  1200  {42 
gallons)  barrels.  They  may  be 
either  end  or  side  fired,  the  latter 
being  preferable  on  account  of  the 
ease  with  which  the  still  can  be 
controlled.  The  fuel  used  may 
be  either  coal  or  oil,  it  being  cheaper 
to  burn  oil  in  some  cases,  as  in 
California  and  Russia,  where,  owing 
to  the  scarcity  of  coal,  oil  is  used 
almost  entirely. 

The  stills  are  usually  fitted  with  Fja,  253, 

domes  at  the  top  which  are  connected 

*  Several  yeus  ago  tbe  "  Cheeae-box "  or  uprigbt  still  were  used,  but  proving 
expensive  to  operate  and  to  repair  they  were  diacontinued. 

'  In  Riusia  and  alao  slightly  in  this  country  horizontal  stills  with  longitudinal  fluea 
are  used. 
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with  12  to  16-inch  vapor  pipes,  or  "  goose  necks  "  that  lead  to  condensers. 
The  condensers  consist  of  coils  of  pipe  set  in  tanks,  through  which  cold 
water  is  circulated.  The  pipes  connecting  the  condenser  coils  with  the 
"  tail  house,"  some  distance  away,  are  called  the  "  running  lines,"  and  are 
usually  provided  with  traps  for  separating  the  uncondensed  gas  which  is 
subjected  to  pressure  in  order  to  separate  the  light  gravity  gasoline  carried 
by  it  The  residual  gas  is  utilized  in  gas  engines  or  burned  under  the 
stills.  The  running  lines  are  intercepted  in  the  "  tail  house  "  by  "  look 
boxes  "  enclosed  with  glass,  Fig.  254,  so  that  the  "strewn  "  (distillate  flow- 
ing from  the  condenser)  can  be  watched  by  the  stillman  in  charge.    The 


FiQ.  254. 

took  boxes  are  equipped  with  small  coeks,  so  that  samples  can  be  taken 
from  time  to  time.  The  process  is  usually  controlled  by  the  gravity  of  the 
stream,  or  other  simple  tests  marie  by  the  stillman.  The  bottom  of  the 
"  look  box  "  connects  with  a  manifold  usually  having  cocks  or  valves,  so 
that  the  distillate  may  be  run  into  any  receiving  tank  desired. 

In  some  refineries,  several  stills  are  connected  and  run  continuously, 
by  simultaneously  charging  into  the  first  still  slowly,  and  pumping  from 
the  last,  each  still  being  fired  stronger  than  the  preceding  one,  so  that 
different  boiling  point  fractions  are  obtained  from  each  one. 

When  distilling  oil  continuously  the  heat  from  the  reduced  oil  passing 
from  the  last  still  is  transferred  to  the  oil  being  charged  into  the  first  still, 
by  passing  the  hot  and  cold  oil  in  opposite  directions  through  an  exchanger. 
The  exchanger  consists  of  a  system  of  COils  arranged  in  a  steel  shell;  the 
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hot  oil  passing  through  the  coils  givee  up  its  heat  to  the  cold  oil  being 
pumped  through  the  shell  to  the  still. 

As  before  stated,  the  method  of  distilling  is  dependent  on  the  products 
desired  When  petroleum  is  distilled  by  means  of  fire  alone,  the  heavy 
vapors  which  condense  in  the  top  of  the  still  drop  back  into  the  super- 
heated oil,  and  are  thereby  partially  decomposed.  This  decomposition, 
or  "  cracking,"  causes  oils  of  lower  specific  gravity  than  are  normally 
present  to  be  produced,  and  is  called  the  "  dry,"  or  destructive  distillation. 

COMPARATIVE  TESTS  OF  THREE  DIFFERENT  SAMPLES  OF  CRUDE 
PETROLEUM,  ALSO  THE  SPECIFIC  GRAVmES,  AND  COLD  TESTS, 
OF  THE  I-TIACTIONS  OBTAINED  FROM  SAME  BY  DESTRUCTIVE 
DISTILLATIONS 


Peoiuylvania. 

lUinoi*. 

ladi^a  TBrritory. 

Co'or. 

Yfllaw 

Neu-ly  Blink, 

Dark  QrHn, 

Sutpliyr. 

0.078% 

0,305% 

0.283% 

Specidc  OrBvitr 

41.8°  Bsurn*. 

33,8-  Baum<. 

87.6-  BK«mt. 

DistUUtion: 

%   W.  Gr.   "F. 

%  Bfi.  Gr.    "F. 

%  B6.G1.  'F. 

10.0—70.0  — 

10.0—60.5  — 

10.0—67.9  — 

Second      " 

10,0-58,8  — 

10.0—51,5  — 

10.0—66.4  -» 

Tlurd 

10,0-52.8  — 

10,0—46,6  — 

10.0— 60.6  — 

Fourth      " 

10.0—48,1  — 

10,0—10.6  — 

10.0—46.1  — 

Fifth 

10,0^3,7  — 

10,0—36.7  — 

10.0-40.5  — 

Sixth 

10,0-40,2  28C.T. 

10,0—34.3  36C.T. 

10.0—36.6  41  C.T. 

Seventh    " 

10,0—39.3  48     " 

10.0—34.2  60  " 

10.0—34.2  42    " 

Eighth      " 

10,0—38,9  57     " 

10.0—34,6  63  " 

10.0—33.9  56    " 

Ninth        " 

10,0—38,8  61     " 

10.0—36.8  46  " 

10.0-36.6  47    " 

Tenth       " 

8,5—36.9  55     " 

6,0—21,3  47  " 

5.0—36.9  46    " 

Coke  uid  loss 

1,5 

4.0 

6.0 

100.0 

100.0 

100.0 

This  method  is  used  when  a  large  percentage  of  burning  oils  is  desired. 
The  products  when  running  on  Pennsylvania,  or  paraffin-base  crude  oil, 
are:  naphtha  (sometimes  redistilled,  for  cymogene,  rhigolene,  petroleum 
spirit  and  gasolene),  burning  oils,  gas  and  fuel  oils,  paraffin  lubricating 
oils,  wax  and  coke.  Heretofore  the  practice  has  been  to  first  "  run  "  the 
"  crude  "  to  tar  (about  9  to  12  per  cent  residuum)  in  the  crude  stills,  and 
to  distil  the  tar  separately  at  the  tar  stills  for  paraffin  or  "  tar  "  distiUate 
(lubricating  oil  distillate  containing  the  paraffin  wax)  and  coke. 

The  latest  practice  is  to  continue  the  distillation  to  coke  in  "  Tower 
Stills "  Without  interruption  and  separate  the  different  raw  products 
in  one  distillation.  The  "  Tower  Still  "  is  so  called  on  account  of  the  tower 
like  aerial  condensers  connecting  with  the  goose-neck,  and  interposed 
between  the  stills  and  water  cooled  condensers.  The  office  of  these  towers 
ifi  one  of  fractional  condensation. 

They  usually  conidst  of  a  top  and  bottom  gas  chamber  connected  by 
pipes,  around  which  the  air  circulates  cauMng  partial  condensation.    The 
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vapor  pipe  or  gooae-neck  carrying  the  hot  vapors  from  the  stills  connects 
into  the  bottom  gas  chamber  of  the  first  tower  and  travels  up  through 
the  pipes  through  the  top  gas  chamber  into  the  lx>ttom  of  the  second 
tower,  and  so  on  through  the  series  to  an  ordinary  water-cooled  condenser, 
counting  of  eoils  of  pipes  set  in  a  tank  of  water.  The  towers  and  water 
condenser  all  connect  in  the  receiving  house  (tail  house)  with  "  look- 
boxes,"  enclosed  with  glass  so  that  the  flow  of  the  different  streams  may 
be  observed  and  samples  can  be  taken  for  gravity  tests. 

The  tower  still  has  many  advantages  over  the  old  style  apparatus. 
Condensation  taking  place  in  each  tower  separates  what  would  otherwise 
be  one  product  into  as  many  products  as  there  are  towers,  and  therefore 
reduces  further  necessary  redistillation  to  a  minimum. 

When  lubricating  oils  of  superior  quality,  such  as  spindle  and  cylinder 
oils,  are  being  manufactured,  it  is  necessary  to  prevent  the  decomposition 
of  the  crude  oil  as  much  as  possible.  This  is  accomplished  by  intro- 
ducing steam  (dry  but  not  necessarily  superheated)  into  the  oil  in  the  still 
by  means  of  a  perforated  coil.  The  atmospheric  pressure  upon  the 
mixture  is  divided  between  the  hydrocarbons  and  the  steam  and  the 
partial  pressure  on  the  hydrocarbons  is  less  than  the  atmospheric 
pressure,  consequently  they  distil  over  at  temperatures  lower  than  their 
normal  boiling  points.  The  steam  jets  also  keep  the  oil  in  constant  state 
of  agitation,  thereby  preventing  it  from  getting  overheated  at  the  bottom 
of  the  still  next  to  the  fire.  This  method  is  called  the  "  steam  "  distilla- 
tion; the  products  are:  Naphtha,  burning  oils  (less  than  when  distilled 
destructively),  gas  and  fuel  oils,  spindle  oils,  paraffin  wax  and  cylinder 
oils.  Some  refiners  use  the  vacuum  distillation,  in  conjunction  with  the 
steam  distillation,  where,  by  the  aid  of  a  pump,  a  partial  vacuum  is  created 
in  the  still,  and  the  hydrocarbons  pass  over  at  temperatures  much  below 
their  normal  boiling  points.  The  vacuum'  stills  are  of  the  same  general 
type  as  the  ordinary  horizontal  "  crude  stills,"  but  are  smaller  and  heavier. 

Naphtha  and  Illuminating  Oils.  The  chart  facing  this  page  shows  the 
different  steps  in  the  "  dry  "  distillation  of  Pennsylvania  crude  oil.  The 
"  stream  "  (distillate  flowing  from  the  condenser)  begins  running  into  the 
"  tail  house  "  under  ordinary  conditions  at  about  80°  B€.  (.6666  sp.gr) ; 
it  is  practically  water  white  in  color,  and  is  "  run  "  into  light  naphtha 
(Fraction  A)  until  it  reaches  69°  B^.  (.6965  sp-gr.).  From  69  to  58° 
B^,  (.7035  to  .7446  sp.gr.)  the  distillate  is  collected  as  heavy  naphtha 
(Fraction  B) ;  but  as  it  is  more  or  less  contaminated  with  some  of  the 
heavier  hydrocarbons  of  boiling  points  too  high  for  use  as  naphtha,  it 
has  to  be  redistilled  in  a  "  steam  still,"  (a  still  heated  by  steam  coila 
and  steam  jets).  The  upper  fraction  is  added  to  the  light.naphtha 
(Fraction  A),  and  the  residue  used  for  blending  with  the  low  test 
burning  oil  which  foUows. 

The  naphtha  Fractions  A  and  B,  representing  from  12  to  15  per  cent 
of  the  crude  oil,  can  be  worked  up  in  several  different  ways.    T^iey  can 
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be  used  for  all  ordinary  purposes  without  further  refining,  or  may  be 
redistilled,  the  very  volatile  fractions  being  condensed  by  extreme  cold, 
and  under  pressure,  thereby  separating  cymogene,  rhigolene,  gasolene 
and  petroleum  spirit,  which  Allen  in  his  "  Commercial  Organic  Analyas," 
Vol.  II,  part  I,  p.  96,  classifies  as  follows: 


bISS? 

SpacdSD  Gr«rity. 

CynwRene 

lOS 

0  588 

rane,  C.H„. 

ConaiBta  chiefly  of  pen- 
tane  and  ifiopentane. 

Ether 

c^.,. 

Gasolene  (Canadol) 

95  to  80 

0,622  to0.fl66 

Consiste  chiefly  of  bex- 
ane,  C^„  «i»l  iso- 

Petroleuni 

C.  Naphtha. I 

Benzine-naphtha .  j 

76  to  70 

0.680  to  0.700 

Spirit  or 

B.  Naphtha 

66  to  65 

0.714  to  0.718 

A.  Naphtha 

59  to  68 

0.740  to  0.745 

In  order  to  improve  the  odor  of  the  naphtha  it  is  sometimes  treated 
with  about  two  to  four  pounds  of  66°  B4.  commercial  sulphuric  acid  per 
barrel  of  50  gallons,  by  agitation  in  tall,  lead-lined  cone-bottomed  tanks, 
Figs.  255  and  256,  called  agitators,  of  from  300  to  500  barrels  capacity, 
provided  with  mechanical  stirring  gears,  in  preference  to  an  air  blast,  in 
order  to  prevent  loss  by  evaporation.  The  acid  is  allowed  to  settle  and 
draw  off  into  the  sludge  acid  tank.  The  naphtha  is  washed  thoroughly 
with  water  by  means  of  a  spray  and  finally  by  agitation  with  water,  and 
is  then  made  alkaline  with  caustic  soda  of  4  to  10°  B£.,  and  finally  washed 
,  with  water  until  neutral,  whetf  it  is  pumped  into  tanks  and  allowed  to 
settle  until  bright.  After  this  treatment  it  becomes  known  aa"  deodorized 
naphtha." 

To  recur  to  the  original  distillation,  from  58  to  43°  (.7446  to  .8092 
ep.gr.),  or  as  long  as  the  stream  rung  good  color  (almost  colorless)  the 
high  test  burning  oil  (Fraction  C),  is  collected.  It  is  "  steam  stilled  " 
to  150°  F.  fire  test,  and  the  distillate  put  into  heavy  naphtha  (Fraction 
B).  The  residue  from  the  steam,  still  known  as  150°  W.  W.  Stock,  is 
treated  as  described  later. 

When  the  distillate  b^ns  to  go  "  off  color,"  due  to  cracking,  it  is 
"  cut  into  "  low  flash  burning  oil  distillate  (Fraction  D),  which  is  also  steam 
stilled,  the  volatile  fraction  being  naphtha  of  70°  B4.  (.7000  Bp.gr.),  called 
"  gas  naphtha  "  from  its  objectionable  odor.  Gas  naphtha  contains  a 
large  proportion  of  unsaturated  hydrocarbons,  and  goes  into  the  cheaper 
grades  of  naphtha.  The  appearance  of  so  low  a  specific  gravity  fraction 
at  this  st^e  of  the  distillation,  illustrates  clearly  the  effect  of  the 
"  cracking  "  process. 
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The  burning  oil  BtockB  from  the  steam  stills,  constitutiDg  from  65  to 
75  per  cent  of  the  crude  oil  charged,  are  treated  at  the  rate  of  5  to  10 
lbs.  of  66°  commercial  sulphuric  acid  per  barrel,  in  order  to  improve  the 
color  and  odor,  also  to  remove  decompo^tion  products  which  cause  the 
flame  to  smoke  when  burned  in  lamps.  The  process  is  performed  in 
agitators  in  much  the  same  manner  as  with  naphtha,  only  an  air  blast 
is  used  for  agitation  instead  of  a  stirring  gear.  In  order  to  get  the  full 
benefit  of  the  acid,  any  water  present  must  first  be  drawn  off,  and  a  small 
amount  of  acid  added  in  order  to  remove  all  of  the  remaining  water; 
this  is  agitated  for  from  20  to  40  minutes,  allowed  to  settle  from  the  oil 


Fia.  256. — A.  Agitator;  B.  Dome;  C.  Swing  miction  for  pumping  out  oil;  D.  Oil- 
fiUing  linp;  E.  Air  blast;  F.  Cock  for  drawing  off  sluHge;  G.  Acid  tank;  U- 
Acid  line;  /.  Compreased  ab  line;  J.  Chain  for  oprasting  awing  euotion. 


and  then  drawn  off.  The  remaining  acid  is  th^n  added  and  the  mass 
stated  for  from  one-half  to  one  hour,  allowed  to  settle  from  3  to  5 
hours,  and  drawn  off.  The  acid  treatment  removes  the  tarry  matter 
formed  during  distillation,  also  a  large  percentage  of  the  unsaturated 
hydrocarbons  fuid  sulphur  compounds.  The  acid  is  turned  almost 
black  after  treatmrait,  and  is  known  as  "  sludge  "  acid.  The  "  sludge  " 
acid  is  allowed  to  settle  from  the  oil  and  is  then  drawn  oS  into  tanks 
and  delivered  to  the  acid  separating  plant  for  the  recovery  of  the  acid, 
which  will  be  described  later.  After  the  separation  of  the  sludge,  the  oil 
is  washed  thoroughly  with  water,  made  alkaline  with  caustic  soda  of  from 
4  to  10°  B6.  by  agitation,  and  then  washed    with  water  until  neutral; 
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the  wash  water  is  separated  and  the  oil  pumped  into  settling  tanks  where 
it  is  allowed  to  settle  until  bright. 

Sulphur  Content  Pennsylvania  petroleum  contains  very  little  sulphur 
(.06  to  .082  per  cent),  the  burning  oils  made  from  it  therefore  requiring  no 
further  treatment;  but  when  oils  containing  considerable  sulphur,  such  as 
that  from  Lima,  Ohio,  Texas,  and  Canada,  are  being  refined  a  special  desul- 
phurizing is  necessary  in  order  to  get  rid  of  most  of  the  sulphur  compounds 
which  cause  charring  of  the  lamp  wick,  and  bum  with  a  smoky  flame. 
There  are  many  processes  for  affecting  this,  the  two  best  known  being 
the  "  litharge  "  and  the  "  Frasch  "  methods. 


Fia.  256. 

The  litharge  method  consists  of  agitating  the  oil  with  a  solution  of 
lithai^e  (lead  oxide)  in  caustic  soda;  the  sulphur  is  precipitated  as  a  lead 
sulphide  and  drawn  off.  Although  this  method  reduces  the  sulphur 
conaderably,  it  is  not  as  thorough  as  the  "  Frasch  "  process,  where  the 
oil  is  heated  with  finely  divided  copper,  or  copper  oxide  in  "  sweetening  " 
stills  provided  with  heavy  stirring  gears.  The  copper  sulphide  formed 
is  afterwards  roasted  in  order  to  remove  the  sulphur  and  the  resulting 
copper  oxide  used  for  the  next  treatment. 

Lubricatii^  Oils.  The  residue  (£)  from  the  original  distillation  of 
the  crude  oil  (10  to  12  per  cent)  is  known  as  tar.  It  is  from  21  to  22° 
B6.,  very  dark  in  color  and  contains  the  para£Gn  lubricating  oil  and  wax. 

In  order  to  manufacture  the  lubricating  oils  known  in  the  trade 
as  "paraffin  oils,"  the  tar  is  first  distilled  destructively   in  stills  of 
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.  practically  the  same  type  aa  the  "  crude  stills,"  only  they  are  smaller  in 
capacity  (250  to  500  barrels).  The  process  is  continued  until  everything' 
has  passed  over  except  the  coke  formed  by  the  destructive  distillation. 
At  the  latter  part  of  the  distillation,  just  before  the  still  has  "  coked," 
a  yellow,  sticky,  semi-asphaltic  product  passes  over  which  is  known  as 
"  wax  tailings;"  on  analysis  this  has  been  found  to  contain  anthracene, 
chrysene,  and  other  products  formed  by  the  "cracking"  process.  The 
bottoms  of  the  stills  often  get  red  hot  during  the  coking  period.  The 
coke  resembles  gas  coke  in  appearance,  but  is  more  fra^^le.  The  yield 
fr<Hn  tar  averages  from  10  to  12  per  cent,  or  about  1  per  cent  from  the 
crude  oil,  and  on  account  of  its  purity  is  used  principally  for  making  electric 
light  and  battery  carbons,  and  also  to  some  extent  in  metallurgical  processes. 
The  distillate  from  tar  known  as  parafl^,'  or  impressed  tar  dis- 
tillate (Fraction  F);'^  is  yellow  in  color  and  contains  the  wax  and  paraffin 
lubricating  oils.  It  has  a  gravity  of  30"  B4.  (.875  sp.gr.),  and  a  solidifying 
point  of  about  70°  F.  due  to  the  solid  paraffins  present.  It  is  treated 
with  66"  B6.  commercial  sulphuric  acid  at  the  rate  of  8  to  10  lbs.  per 
barrel  in  the  same  manner  as  the  treating  of  burning  oils,  the  agitator 
in  this  case  being  heated  by  a  steam  jacket  in  order  to  keep  the.  paraffin 
distillate  liquid.  After  treatment  it  is  delivered  to  the  pressing  plant, 
where  it  is  chilled  down  to  from  20°  to  24°  F.  in  steel  shells  containing 
stirring  gears  called  "  coolers  "  provided  with  jackets  through  which  cold 
brine  b  circulated.  A  refrigerating  plant  is  therefore  necessary  when 
refining  crude  oils  cont^ning  solid  paraffins.  When  the  proper  tem- 
perature (20°  to  24°  F.)  is  reached,  it  is  pumped  to  a  filter  press,  Fig.  257, 
which  is  provided  with  plates  covered  with  canvas;  the  oil  passes  through 
and  drains  off,  and  the  wax  b  held  by  the  canvas.  The  oil  thus  expressed 
is  known  as  pressed  tar  distillate  (Fraction  G),  and  the  wax  separated, 
containing  considerable  oil  (30  to  40  per  cent),  known  as;"  slack  wax," 
is  removed  from  the  canvas  covered  plates,^  by  scraping  with  "  spuds," 
when  it  b  carried  by  means  of  conveyors  under  the  press  to  the  "  slack 
wax  "  tank. 

The  pressed  tar  distillate  has  a  cold  test  (solidifying  point)  of  20"  to 
25°  F.,  and  is  used  for  making  all  of  the  paraffin  lubricating  oils.  It  is 
charged  into  the  "  reducing  stUls,"  which  are  the  same  type  as  the  crude 
stiUs,  but  smaller  in  capacity  (about  300  to  500  barreb);  and  the  upper 
halves,  instead  of  being  exposed,  are  bricked  in.  Here  it  is  "  steam 
reduced  "  according  to  the  test  desired,  by  firing  underneath  and  at 
the  same  time  introducing  steam  into  the  body  of  the  oil  by  means  of 
a  perforated  coil  placed  inside  on  the  bottom  of  the  still.  In  making 
high  vbcosity  oib  the  distillation  would  naturally  be  carried  further 

1  The  general  practice  now'  ia  to  aepanAe  the  paraffin  distillate-  at  the  crude 

BtillB. 

*  The  canvas  covers  of  the  plates  are  uau^y  spoken  of  as  "bags,"  although  the 
term  seems  misleading. 
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than  when  making  low  viscosity  oils — as  the  viscosity  increases  with  the 
boiling  point  in  the  same  homologous  series  of  hydrocarbons.  The  first 
fraction,  separated  at  36°  B£.  (.8433  ep-gr.),  is  put  into  the  low  test 
buTTung  oil  fraction;  the  second  fraction  down  to  32.5°  Bi.  (.8615  sp.gr.), 
beii^  too  high  in  specific  gravity  for  burning  oils,  and  havii^  practically 
no  value  as  lubricating  oil,  is  separated  for  "  fuel  oil."  The  third  fraction, 
cut  at  28"  BS.  (.886  sp.gr.),  is  used  for  making  low  viscosity  lubricating 
oils,  as  described  by  chart,  and  the  fourth  for  medium  lubricating  oils. 
The  residue,  which  is  heavy  lubricating  oil  stock  of  dark  color,  is  pumped 
out  of  the  still  through  a  coil  of  rast-iron  pipe  set  in  water  called  a 
cooler,  in  order  to  prevent  oxidation  when  exposed  to  the  ur.    The  cool 


Fio.  258. 

oil  is  treated  with  from  20  to  50  Ib^  of  commercial  Ofi**  B^.'  sulphuric 
acid  per  barrel  in  an  ai^tator  of  from  200  to  1(XK)  barrels  capacity  in  the 
same  manner  as  described  under  burning  oils,  except  that  the  agitation 
is  kept  on  longer— 6ne  to  two  hours — and  it  takes  longer  for  the  sludge 
acid  to  settle — four  to  six  hours.  Fig.  258  shows  the  sludge  beingdrawn 
from  a  500  barrel  agitator.  The  amount  of  acid  used  in  treatii^  depends 
on  the  color  desired  on  the  finished  oil. 

After  drawing  off  the  sludge,  the  oil  is  transferred  to  a  "  lye  "  agitator, 
whSre  most  of  the  remaining  acid  is  washed  out  by  agitation  with  water. 
It  is  then  agitated  with  caustic  soda  of  from  1  to  6°  B6.  until  a  distinct 
alkidine  reaction  with  phenolphthalein  is  obtained.  The  "  lye "  con- 
tuning  sulpho-compounds,  formed  by  the  acid  treatment,  is  drawn  off, 
'  Beaum£  scale  for  liquids  heavier  than  wattt. 
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and  the  <A  washed  well  agtun  with  water,  and  finally  with  hot  water,  until 
a  neutral  reaction  is  obtained.  The  water  is  separated  and  the  oil 
transferred  to  shallow  tanks,  where  it  is  warmed  to  150°  to  160°  F.  l^ 
closed  steam  coils,  and  ur  blown  up  through  it  from  a  perforated  c<al 
until  all  the  moisture  is  removed,  ieaving  the  oil  clear'  and  bright  and 
ready  for  the  market. 

The  "  sludge  "  acid  from  the  lubricating  oils  is  black, '  asphaltic  in  - 
nature,  and  very  viscous,  almost  a  solid  mass.  It,  with  the  sludge  from ' 
the  burning  oils,  is  agitated  with  water  in  a  lead-lmed  separator;  the 
weak  acid  recovered  is  concentrated  in  lead  pans  and  finally  in  stills 
of  cast  iron  to  66°  B6.  and  is  then  used  over  agfun.  The  residue  is  used 
for  fuel,  or  worked  into  pitch. 

Paraffin  Wax.  The  slack  wax  expressed  from  the  tar  dbtiljate  usually 
contains  from  30  to  40  per  cent  of  oil,  which  is  gotten  rid  of  by  one  of  the 
following  methods:  it  may  be  mixed  with  naphtha  and  cooled  until  the  wax 
crystallizes  out,  and  then  refilter  pressed;  or  it  may  be  removed  by  the 
process  known  as  sweating.  The  "  sweaters  "  consist  of  tiers  of  pans 
arranged  in  rooms,  as  shown  in  Fig.  259;  the  rooms  are  heated  by  steam 
coils,  each,  room  being  known  as  an  oven.  The  pans  are  first  filled  with 
water  to  the  level  of  a  wire  screen  at  A  and  the  melted  wax  is  charged 
in  until  the  pans  are  full,  after  which  cold  water  is  circulated  through 
ooU  B  until  the  wax  solidifies.  The  water  is  then  drawn  off  from  under- 
neath the  solid  cakes  of  wax  by  valve  C  and  warm  water,  circulated 
through  coil  B  and  the  rooms  also  heated  by  steam  coils.  The  beat 
causes  the  oil  to  sweat  out  of  the  wax,  and  it  drains  off  and  runs  into  a 
tank.  The  oil,  or  "  foots,"  thus  separated,  containing  some  soft  wax, 
is  filter  pressed  and  worked  up  the  same  as  the  unpressed  tar  distillate. 
The  sweated  wax  remuning  in  the  pans  is  melted,  drawn  off,  and  delivered 
to  the  filtering  ^lant,  where  it  passes  through  bone  black  or  fuller's  earth 
contained  in  long  cylindrical  tanks  called*  filters  in  rooms  heated  from 
130°  to  180°  F.  Thb  operation  removes  practically  all  of  the  color. 
It  is  then  molded  into  cakes  either  in  pans  or  between  hollow  plates  cooled 
by  the  drculation  of  water  in  apparatus  shown  in  fig.  260,  known  as  the 
"  Gray  Wax  Caking  Machine."  ' 

'  The  Steam  Distillation,  Spindle  oils  and  cylinder  stocks.  In  making 
Special  high-^p^e  lubricating  oils,  the  distillation  of  the  crude  oil  is 
carried  on  in  the  same  manner  as  the  destructive  distillation  until  just 
before  the  "  cracking  "  point  .is  reached,  when  steam  is  introduced  as 
before  mentioned;  by  this  method  decomposition  is  practically  prevented. 
The  yield  of  burning  oil  is  therefore  much  lower  and  lubricating  oil  much 
higher.  The  distillation  is  carried  on  until  about  15  to  18  per  cent 
remains  in  the  still.  The  reduced  stock,  known  as  steam  refined  cylinder 
stock,  is  pumped  out  through  a  cooler. 

■  Patented  by  A.  McD.  Gray  (biult  by  S.  L.  Moore  &  Sons  of  Elisabeth,  N.  J.). 
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The  steam  refined  cylinder  stocks  are  aometimes  further  re&ued  by 
filtration  through  bone  black  or  fuller's  earth  and  are  then  known  as 
filtered  cylinder  oils.  Cylinder  oils  '  are  recognized  by  their  high  flash 
point  and  viscosity. 

After  the  burning  oil  fraction  has  been  separated,  the  rest  of  the 
distillate,  passing  over  duriQg  the  distillation,  is  called  "  spindle  dis- 
tillate." It  contains  considerable  wax,  which  is  removed  by  filter  pressing 
in  exactly  the  same  manner  as  with  the  unpressed  tar  distillate.  The 
pressed  spindle  distillate  is  reduced  in  the  same  manner  as  the  paraffin 
oils,  except  that  the  reduced  spindle  oil  stock,  instead  of  being  treated 


Fio.  2Se. 

with  acid  is  filtered  through  bone  black,  or  fuller's  earth,  contained  in 
cylindrical  filters  of  about  15  to  20  tons  capacity.  The  fuller's  earth 
removes  the  asphaltic  matter,  and  improves  the  color  of  the  oil.  The 
first  oil  running  through  the  filter  is  almost  colorless;  but  as  the  fuller's 
earth  "  adsorbs  "  the  asphaltic  matter,  it  soon  loses  in  decolorizing  value 
and  the  oil  runs  darker  until  it  reaches  a  point  where  it  is  not  practical 
to  filter  any  loiter,  when  the  operation  b  stopped.  The  oil  held  by  the 
fuller's  earth  is  washed  out  by  allowing  naphtha  to  filter  through  it,  and 
the  naphtha  remainii^  in  the  filter  is  collected  by  steaming  it  out  with 

'  The  problem  of  the  lubrication  of  gas  engine  cylinders  has  created  a  new  class 
of  cylinder  oils,  which  are  mculs  from  the  ateom  distillate  (heavy  distillate),  from  Bt«(UO 
distillatioQ  and  are  of  lower  viscosity  and  fire  test. 
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an  open  steam  jet,  and  running  it  through  a  condenser,  The  oil  washed 
out  by  the  naphtha  is  separated  by  distillation,  and  the  fuller's  earth  is 
heated  in  a  retort  nearly  to  redness  in  order  to  dry  it  and  bum  off  the 
asphaltic  matter,  when  it  is  used  over  again. 


Vaseline  and  "  petrolatum  "  are  reduced  stocks  made  from  selected 
crude  oil  by  careful  reduction  and  subsequent  filtration  through  fuller's 
$arth,  or  bone  blac)c, 
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Aqihaltic  Base  Crude  Petroleum.  The  refining  o^  asphaltic  base 
crude  oil  is  substantially' the  same  as  described  in  the  preceding  methods, 
excepting  the  residue,  which,  instead  of  being  tar,  or  cylinder  stock,  is 
aapbalt.  The  burning  oils  are  not  of  such  good  quaUty,  a  larger  percentage 
of  fuel  oil  is  obtained,  and  the  lubricating  oils  are  of  higher  specific 
gravity  and  lower  flash  than  those  made  from  the  paraffin  base  petroleum. 

Natural  Gas.  Although  natural  gas  always  accompanies  crude  petro- 
leum, it  is  often  found  independently.  It  conasts  principally  of  gaseoua 
members  of  the  paraffin  series,  of  hydrocarbons,  but  contains  amall 
percentages  of  olefins,'  nitrogen,  carbon  dioxide,  and  sometimes  oxygea 
and  hydrc^en. 

The  increased  consumption  ot  gasoline  has  been  of  particular  benefit 
to  the  natural  gas  producers,  who  have  what  is  commonly  called  "  Wet 
Gas."  Wet  gas  beii^  natural  gas  contMoing  compiercial  quantities 
of  very  high  gravity  gasoline,  which  can  be  extracted  by  compression 
and  condensation. 

This  gasoline  is  known  as  "  Wild,"  "  Casing  Head  "  or  "  Natural 
Gas  "  gasoline,  and  is  used  to  a  large  extent  in  blending  with  heavier 
products.  From  two  to  six  gallons  of  this  "  Casing  Head  "  gasoline 
can  be  separated  from  one  thousand  cubic  feet  of  gas  under  compression 
of  two  himdred  and  fifty  pounds. 

Natural  gas  is  used  principally  for  illuminating  and  fuel  purposes, 
also  to  some  extent  in  the  manufacture  of  lampblack. 

Shale  OiL  In  Scotland,  and  to  a  small  extent  in  other  countries, 
paraffin  oils  are  obtained  by  the  destructive  distillation  of  bituminous 
shale.  The  formation  of  the  oil  is  dependent  on  the  decompo8iti(Hi  of 
the  organic  matter  present. 

Shale  varies  in  color  from  dark  gray  to  almost  black,  the  products 
obtained  being  ammonia  water  (separated  as  a  sulphate),  i>araffin  wax, 
paraffin  oils,  bumii^  oils,  and  phenols.  The  shale  is  first  reduced  to 
veiy  small  pieces,  and  then  distilled  continuously  in  circular  vertical 
retorts,  by  chai^ng  in  the  top  through  a  hopper,  and  drawing  the 
exhausted  shale  out  at  the  bottom.  Steam  is  usually  introduced  into  the 
retort.  The  vapors  pass  through  a  condenser,  and  the  crude  shale  oil 
and  ammonia  liquor  are  separated.  The  remaining  gases  are  subjected 
to  a  scrubbing  process  which  consists  of  passing  the  gas  through  coke 
towers,  where  it  comes  in  contact  with  streams  of  oil  and  water;  the  oil 
absorbs  a  large  portion  of  the  hydrocarbons,  and  the  water  takes  up 
the  amm(»iia,  the  residual  gas  being  used  for  fuel.  The  compression  proc- 
ess has  idso  been  used  for  condensing  the  gases;  by  this  process  the  gas 
is  subjected  to  low  temperatures,  and  under  a  pressure  of  from  75  to  150 
lbs.  per  square  inch,  but  this  method  is  said  to  be  more  expensive  than 
the  process  of  scrubbing.    The  crude  shale  oil  ^  is  dark  in  color,  ranging 
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in  flpecific  gravity Jrom  .86  to  .89,  and  having  a  cold  test  of  90"  F.  due  to 
solid  paraffins.  It  ia  distilled  by  either  the  intermittent  or  continuous 
process  to  coke  in  practically  the  »ame  manner  as  with  the  tar  from 
crude  petroleum,  except  that  steam  is  introduced  through  perforated 
coils  during  the  distillation  process.  The  treatment  of  the  various  fractions 
i.e.,  naphtha,  burning  oil,  paraffin  distiltate  (containing  the  paraffin  wax) — 
conMsts  of  a  treatment  with  sulphuric  acid  and  alkali  in  the  same  manner 
as  with  petroleum;  the  alkali  in  this  case,  in  addition  to  neutralizing 
the  acid,  removes  the  phenols  which  have  been  formed  during  the  first 
distillation.  The  phenols  are  liberated  ^  from  the  waste  "  lye "  by 
passing  carbon  dioxide  through  it. 

Ozokerite.  Ozokerite,  or  earth  wax,  is,  as  the  name  implies,  a  wax- 
like substance  found  in  small  quantities  throughout  the  world,  usually 
associated  with  rocl^  salt  or  gjrpsum.  The  principal  deposit  occurs 
in  the  neighborhood  of  Boryslaw,  in  Galicia.  It  consists  largely 
(A  solid  paraffin  hydrocarbons,  and  is  supposed  to  have  resulted 
from  the  evaporation  and  decomposition  of  crude  petroleum.  Like 
petroleum,  it  is  found  in  different  ages,  but  principally  in  the 
Tertiary  and  the  Cretaceous.  The  iq>pearance  and  phyucal  char- 
acter vary,  some  grades  being  soft  and  others  brittle,  and  the  color 
ranges  from  yellow  to  black.  The  specific  gravity  averages  from  .85 
to  '.89  and  the  melting  point '  from  130°  to  156°  C.  The  Galician  ozokerite 
is  mined  by  sinking  a  shaft  and  then  following  the  vein.  Thus  mined, 
it  often  contains  much  earthy  matter.  The  purest  pieces  are  first  sep- 
arated by  hand  pickii^,  and  the  reminder  is  dumi>ed  into  tanks  of  cold 
water;  the  purer  ozokerite  rises  to  the  surface  and  is  skimmed  off,  and 
the  earthy  matter,  containing  some  ozokerite,  sinks  to  the  bottom.  This 
residue  is  then  heated  in  boiling  water,  when  practically  all  of  the  ozokerite 
rises  to  the  surface  and  is  separated.  The  earth  is  finally  extracted  ^th 
naphtha,  thereby  dissolving  the  last  traces  of  ozokerite.  Cer«sm,  or 
refined  ozokerite,  is  used  largely  as  a  substitute  for  beeswax,  and  is 
prepared  by  treating  with  sulphuric  acid,  washing  with  water,  and  neu- 
tralizing with  caustic  soda,  as  described  under  petroleum  refining,  and 
subsequent  filtration  through  bone-black  or  fuller's  earth.  It  varies  in 
color  from  white  to  yellow,  according  to  the  degree  of  refining.  Ozokerite 
is  sometimes  distilled  and  worked  up  for  paraffin  wax. 

A^halt.  The  name  asphalt  is  generally  apphed  to  that  class  of 
bitumens  found  naturally  in  the  earth  in  various  parts  of  the  world. 
It  consists  principally  of  compounds  of  carbon  and  hydrogen,  also  com- 
pounds containing  nitrogen,  oxygen,  and  sulphur  and  some  mineral  matter, 
and  is  considered  to  have  resulted  from  crude  petroleum.  Asphalt  is 
black  in  color,  and  melts  easily  on  the  application  of  heat.  It  is  partly 
acduble  in  petroleum  spirit  and  completely  soluble  in  carbon  disulphide, 
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the  part  soluble  in  petroleum  spirit  being  designated  "  petrolene,"  and 
the  part  soluble  in  carbon  disulphide,  "  asphaltene."  The  principal 
uses  are  for  street  paving,  weather-proofing,  paints  and  japans.  The 
most  important  production  is  from  "  Pitch  Lake,"  on  the  island  of 
Trinidad,  which  ia  135 '  feet  deep  at  the  center  and  originally  covered 
an  area  of  approximately  127  acres,  and  is  estimated  to  contain  several 
million  tons  of  asphalt. 

The  crude  lake  asphalt,  according  to  Clifford  Richardson,^  contains 
the  following  constituents: 

Water  and  gas 29.0% 

Organic  matter  not  bitumen 7.0 

Mineral  matter 25 . 0 

Bitumen 39.0 

100.0% 
The  method  of  refining  consists  of  melting  and  removing  the  mineral 
matter  which  subsides.     The  composition  of  the  refined  Trinidad  Lake 
Asphalt  is  given  as  follows:  , 

Bitumen  (soluble  in  carbon  disulphide). . .   56.4% 

Organic  matter,  not  bitumen 6.7 

Mineral  matter 36.9 

100.0% 
The  asphalt  residues  from  crude  petroleum  so  closely  resemble  the 

natural    asphalts    that    they   cannot  be  distinguished  with    certainty. 

Petroleum  asphalts  are  used  principally  for  weather-proofing. 

Other  deposits  occur  in  California,  Utah,  Mexico,  Venezuela,  Cuba, 

France,  Switzerland,  and  Germany, 

M    THOO  OF  TBSTINQ 

Crude  Petrdeum.  The  New  York  Produce  Exchange  defines  crude 
petroleum  as  follows:  "  Crude  petroleum  shall  be  understood  to  be  a 
pure  natural  oil,  neither  steamed  nor  treated,  free  from  water,  sediment, 
or  other  adulteration,  of  the  gravity  of  43°  to  48°  B^."  Since  the  produc- 
tion of  the  lower  Baum4  gravity  oils,  the  limitations  in  regard  to  gravity 
have  been  relaxed. 

In  order  to  ascertain  whether  or  not  the  petroleum  conforms  to  the 
above  rule,  it  b  distilled  in  10  per  cent  fractions,  and  the  Baum4  gravity 
determined  on  each  fraction.  It  is  obvious  that,  from  the  complexity  of 
crude  petroleum;  each  succeeding  fraction  would  show  a  somewhat  regular 

'  Report  of  the  Inspector  of  Asphalt  and  Cements.  Eng.  Dept.  District  of  Columbia. 
18B2. 

*  "  The  Modem  Asphalt  P&vement,"  C.  Richardson. 
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gradation  in  specific  gravity,  whereas,  in  cases  of  adulteration,  it  would 
be  more  or  less  irregular. 

In  order  to  ascertain  the  commercial  value  of  crude  petroleum.  Dr. 
Engler  recommends  the  distillation  of  100  c.c.  from  a  distillation  fiaak 
of  the  dimraisions  in  cubic  centimeters  shown  in  Fig.  261.  The  distilla^ 
tion  is  controlled  so  that  from  2  to  2i  c.c.  of  distillate  pass  over  per 
minute,  heat  being  applied  by  means  of  a  Bunseu  burner.  At  the  beginning 
of  the  distillation  a  piece  of  wire  gauze  is  interposed  between  the  flame 
and  the  fla.sk,  but  finally  the  naked  flame  is  used.  As  soon  as  the  tem- 
perature reaches  150°  C,  the  burner  is  removed  until  the  temperature 
falls  20°.  It  is  then  reheated  to  150°  C,  and  the  cooling  and  heating 
process  continued  until  no  more  distillate  passes  over.  This  fraction 
is  classed  as  naphtha.  The  distillation  is  then  continued  until  300° 
C  is  reached,  when  the  temperature  is  allowed  to  drop  as  before.  This 
fraction  is  separated  as  illuminating  oil,  the  residue  representing  the 
lubricating  oil. 

In  Dr.  Ubbelohde's  modification  of  the  Engler  method,  the  condenser 
tube  is  bent  vertical  at  the  end  farthest  from  the  flask  in  order  to  drop 
the  distillate  intc^one  or  another  of  a  series 
of  graduated  test  tubes  contained  in  a 
holder.  The  temperature  at  which  the  first 
drop  of  distillate  runs  into  the  test  tube  is 
taken  as  the  beginning  of  boiling.  The 
distillation  is  then  continued  at  two  drops 


per  second  up  to  300°  C,  the  fraction  up  to   150°  C.  being  taken  as 
naphtha,  and  from  150  to  300°  C.  as  burning  oil. 

■  When  diatilling  petroleum  made  up  largely  of  the  naphthene  hydrocarbons,  Um 
burning  oil  is  separated  at  285'  C  instead  of  300°  C. 
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In  order  to  deterniine  roughly  the  yield  of  products  likely  to  be  obtwned 
in  actual  refining,  the  author  recommeuds  the  distillation  of  from  two 
to  four  liters  of  the  crude  oil.  A  convenient  form  of  BtUl  is  shown  in 
Fig.  262.  The  distillation  is  carried  to  coke  and  controlled  so  that  from 
6  to  10  c.c.  of  distillate  pass  over  per  minute,  it  being  separated  in  one 
per  cent  fractions,  and  the  Baum4  gravity  determined  on  each  fraction. 
All  of  the  fractions  over  58°  B4.  are  added  together  for  the  naphtha  frac- 
tion, those  between  58°  uid  36°  B6.  for  the  burning  oils,  and  the  distil- 
late passing  over,  below  36°  as  lubricating  distillate,  the  residue  being  coke. 

Sulphur.      Since  the  illuminating  oils  made  from  crude  petroleum  of 
high  sulphur  content  require  special  treatment,  it  is  desirable,  in  estimating 
the  value  of  crude  petroleum,  to  know  the  percentage  of  sulphur  it  carries. 
The  method  of  Mr.  C.  I.  Robinson  is  the  quickest  and  simplest  method 
known  to  the  writer.    This  method  does  not  give  absolutely  accurate 
results,  but  is  on  account  of  its  quickness  of  great  service  to  the  refiner. 
For  more  accurate   results  see   method   of   Allen,   Bureau   of   Mines, 
Tech.  Paper   25,    It  ia  described'    as  follows:  "  (1)  A  dilute  aqueous 
solution  of  tropEeolin,  00.     (2)  A  solution  of   sulphuric  acid,  1  c.c.  equal 
to  0.001  grams  of  sulphur.     (3)  A  solution  of  sodium  carbonate  equivalent 
to  the  sulphuric  acid.     About  5  or  6  c.c.  of  the  oO  to  be  examined  are  poured 
intotheErieomeyerfiaskAjFig.  263,  which  is  about  15  or  20  c.c.  capacity, 
and  contains  a  wick   passed  through   a  glass 
tube  which  is  held  in  place  by  a  cork.     The 
8ask  with  the  wick  is  then  weighed,  the  second 
decimal  place  being  sufficiently  accurate.     It  is 
then  placed  under  the  small  tube  C,  which  is 
connected  with  the  absorption  apparatus  D, 
one  limb  of  which  contains  glass  beads,^  and  p,Q  293. 

into  which  5  c.c.  of  the  standard  idkali  solu- 
tion has  been  run.  D  is  connected  with  suction.  When  the  apparatus 
is  all  in  place,  the  suction  is  turned  on,  and  the  wick  B  is  lighted.  The 
suction  draws  all  the  products  of  combustion  through  D.  The  S  contained 
in  the  oil  is  all  burned  to  SO3  and  SO3,  and  is  absorbed  by  the  sodium 
carbonate  solution.  The  oil  is  allowed  to  bum  about  thirty  minutes — 
until  2  or  3  grams  are  consumed.  The  tube  C  is  rinsed  into  D,  a  few  drops 
of  tropieolui  added,  and  the  excess  of  sodium  carbonate  titrated  with 
the  standard  sulphuric  acid,  and  the  amount  of  sulphur  calculated." 

Specific  Gravity.  The  Baum^  hydrometer  is  in  general  commercial 
use  m  this  country  for  determining  the  "  gravity;  "  but,  in  cases  where 
extreme  accuracy  is  required,  the  pynknometer  should  be  used.    The 

*  The  rapid  method  for  the  eatimation  of  eulphur  in  crude  petroleum  and  illuminating 
nOa,  ftoc.  Va.  ChemiBta  Club,  Vol.  I,  p.  53,  1908.  C.  A.,  Vol.  Ill,  p.  115,  and  VoL  III, 
p.  2827. 

*  Mr.  Robinson  advises  using  broken  glass  rods  instead  of  beads,  the  latter  being 
usually  made  of  soft  glass  so  soluble  in  wat«r  as  to  increase  the  alkalinity  of  the  solution 
to  the  extent  of  rendermg  the  determiDation  worthless. 
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Westphfd  balance  U  sometimes  found  convenient  to  use  instead  of  the 
hydrometer. 

Water  and  B.  S.  are  determined  by  mixing  the  crude  petroleum  with 
naphtha,  half  and  half,  in  a  100  c.c.  cylinder  tapered  at  the  bottom  and 
graduated  in  tenths,  and  allowing  the  mixture  to  stand  for  twenty-four 
hours.  The  water  and  B.  S.  settle  to  the  bottom,  and  are  reported  col- 
lectively.    A  centrifuge  is  sometimes  used  for  forcing  the  separation. 

Dluminating  Oils.  The  specific  gravity  and  sulphur  are  determined 
as  in  the  case  of  crii^e  oils. 

Color.  Redwood  recommends  the  use  of  Stammer's  chromometer, 
which  consists  of  two  cylinders  closed  at  the  ends  with  glass.  By 
means  of  a  mirror,  light  is  reflected  upward  through  the  cylinders, 
and  the  optical  arrangement  at  the  top  contains  prisms  allowing 
both  columns  to  be  observed  through  one  eye  piece  on  a  circular  field 
divided  in  the  center.  The  graduated  cylinder  is  filled  with  oil  to  be 
tested,  and  a  glass  disk  of  standard  color  interposed  between  the  mirror 
and  the  eye  piece  of  the  other  cylinder.  The  wheel  lowers  the  small 
cylinders  until  the  divisions  on  the  field  of  the  eye  piece  are  of  the  same 
color.  The  color  of  the  different  grades  of  burning  oils  on  the  market 
are  as  follows: 

Water  white 

Standard  white  40  Stammer's  chromometer 
Prime  white         50  " 

Superfine  white  190  " 

Flashi-ng  Point  and  Fire  Teat.  The  instruments  used  for  these  tests 
are  of  two  types — viz.,  the  open  and  closed  cups.  The  Tagliabue  and 
Saybolt  open  cups  and  the  Abel  closed  cup  are  among  those  generally 
used.  The  Tagliabue  cup  consists  of  a  glass  cup  supported  in  a 
copper  bath,  and  heated  by  a  spirit  lamp.  The  cup  is  filled  with  the 
oil  to  be  tested,  a  thermometer  placed  in  it  so  that  the  bulb  is  covered, 
and  the  oil  heated  slowly,  the  fiasbing  point  being  determined  by  passing 
a  small  flame  over  the  surface  of  the  oil  until  the  vapor  given  off  flashes 
momentarily.  The  heating  is  then  continued  until  the  oil  ^nites  and 
bums,  which  temperature  is  taken  as  the  fire  test. 

The  Saybolt  electric  tester,  which  has  been  adopted  by  the  New 
York  Produce  Exchange,  is  of  similar  construction,  but  the  flash  is 
tested  by  passing  a  spark  from  an  induction  coil  between  two  platinum 
wires  placed  over  the  oil.  The  water  is  heated  to  100°  F.,  then  the  flame 
removed  and  the  cup  filled  with  oil  and  placed  in  the  bath.  A  spark 
b  passed  for  every  rise  of  one  degree,  and  when  the  oil  has  reached  90° 
F.  it  is  necessary  to  beat  again.  After  the  oil  has  flashed,  the  sparks  are 
passed  at  temperatures  as  follows:  "  In  110  (fire  test)  and  upwards  the 
flashing  point  after  the  first  flash  (which  generally  occur  between  90°  and 
95")  shaU  be  taken  at  95",  100°,  104",  108°,  110°,  112",  115°.    In  a  120° 
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and  upwards,  after  the  first  flash,  100',  105°,  110^  115",  118°,  122",  125°. 
In  a  130°  and  upwards  every  5°  until  the  burning  point  ia  reached." 

The  open  test  method  is  affected  by  drafts,  and  is  variable.  For  this 
reason  the  closed  test  cup  was  introduced. 

The  Abel  apparatus,  adopted  by  Ei^laud,  is  described  in  the 
petroleum  act  of  August  Uth,  1879,  as  follows:  "The  oil  cup  con- 
sists of  a  cylindrical  vessel  2  ins.  in  diameter,  2.2  ins.  in  height, 
(internal),  with  outward  projecting  rim  0.5  in.  wide,  I  in.  from  the 
top,  and  Ij  ins.  from  the  bottom  of  the  cup.  Itiamadeof  gimmetalorbrass 
17  B.W.G.,  tinned  inside.  A  bracket,  consisting  of  a  short,  stout  piece  of 
wire  bent  upwards  and  terminating  in  a  point,  is  fixed  to  the  inside  of  the 
cup  to  serve  as  a  gauge.  The  distance  of  the  point  from  the  bottom  of 
the  cup  13  Ij  ins.  The  cup  is  provided  with  a  close-fitting,  overlapping 
cover,  made  of  brass  (22  B.W.G.),  which  carries  a  thermometer  and  test 
lamp.  The  latter  is  suspended  from  two  supports  by  means  of  trunnions, 
upon  which  it  may  be  made  to  oscillate;  it  is  provided  with  a  spout,  the 
mouth  of  which  is'  -fg  in.  diameter.  The  socket  which  is  to  hold  the 
thermometer  is  fixed  at  such  an  angle,  and  its  length  is  so  adjusted,  that 
the  bulb  of  the  thermometer,  when  inserted  to  its  full  depth,  shall  be  1  i 
ins.  below  the  center  of  the  lid." 

"  The  cover  is  provided  with  three  square  holes,  one  in  the  center, 
0.5  ins.  by  0.4  ins.,  two  smaller  ones,  0.3  ins.  by  0.2  ins.,  closed  to  the 
sides  and  opposite  to  each  ott3r.  These  holes  may  be  closed  and  uncov- 
ered by  means  of  a  slide  moving  in  grooves  and  having  perforations  corre- 
sponding to  those  on  the  lid.  In  moving  the  slide  so  as  to  uncover  the 
holes,  the  oscillating  lamp  is  caught  by  a  pin  fixed  in  the  slide  and  tilted 
in  such  a  way  as  to  bring  the  end  of  the  spout  ju.'<t  below  the  surface  of 
the  lid.  Upon  the  slide  being  pushed  back  so  as  to  cover  the  holes,  the 
lamp  returns  to  its  original  position.  Upon  the  cover,  in  front  of  and  in 
line  with  the  mouth  of  the  lamp,  is  fixed  a  white  bead,  the  dimensions  of 
which  represent  the  siie  of  the  test  flame  to  be  used." 

"  The  heating  vessel  or  water  bath  is  filled  by  pouring  water  into  the 
funnel  until  it  begins  to  flow  out  of  the  spout  of  the  vessel.  The  temper- 
ature of  the  water  at  the  commencement  of  the  test  is  to  be  130°  F.  ■  The 
bath,  having  been  rused  to  the  proper  temperature,  the  oil  to  be  tested  is 
introduced  into  the  petroleum  cup,  being  poured  slowly  until  the  level 
of  the  liquid  just  reaches  the  point  of  the  gauge  fixed  in  the  cup. 
The  results  obtained  with  thb  cup  show  on  the  average  about  27°  F. 
lower  than  the  open  cup.  Details  of  the  operation  of  the  instrumoit  are 
given  by  Redwood  in  "  Petroleum  and  its  Products,"  Vol.  II. 

Lamp  Teats.  The  usual  practice  is  to  bum  samples  of  the  oil  in 
lamps  of  ordinary  construction  for  from  five  to  twenty-four  hours,  observ- 
ing the  duninution  of  the  flame  and  the  incrustation  of  the  wick. 

Lubrkatiiig  Oils.  In  this  country  the  flre  test  is  generally  determined 
by  means  of  the  Cleveland  cup.    The  method  is  substantially  the  same  as 
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with  the  burning  oils,  with  the  exception  that  the  oil  is  heated  at  the  rate 
of  10°  per  minute,  and  the  flashii^;  point  tested  with  a  small  bead  flame 
for  every  rise  of  5°.  The  fire  test  is,  as  ^  rule,  from  60  to  80°  higher  than 
the  flash  point.  As  the  open  cup  tests  are  easily  affected  by  drafts,  tbey 
are  subject  to  errors  of  5°. 

Closed  Teat.  The  Pensky-Martin  cup  is  generally  used  for  this  test.  His 
similar  in  construction  to  the  Abel  cup,  and  contains  a  stirring  apparatus 
by  means  of  which  a  unifonn  temperature  of  the  oil  may  be  obtuned. 
The  resulte  obtained  by  this  instrument  are,  as  a  rule,  close  to  those 
obtained  by  the  open  cup,  but  are  not  subject  to  errors  of  the  open  cup. 

Cold  Test  (Setting  Point).  As  the  solid  paraffins  are  poor  lubricuits, 
oils  of  low  cold  teat  are  desirable.  The  method  commonly  used  may  be 
described  briefly  as  follows:  In  an  ordinary  4m)z.  sample  bottle,  about 
one-third  full  of  the  oil  to  be  tested,  the  bulb  of  a  thermometer,  which 
passes  through  a  cork  in  the  neck  of  the  bottle,  is  just  inimenied  in  the  oil. 
The  sample  is  cooled  slowly  to  50°  F.  and  then  subjected  to  a  freezing 
mixture  of  ice  and  salt.  The  bottle  Is  removed  f6r  every  few  degrees 
drop  in  temperature  and  tilted  to  see  if  the  oil  is  stUl  liquid,  the  temper- 
ature at  which  it  just  ceases  to  Sow  being  taken  as  the  cold  test  or  setting 
point.  If  the  conditions  of  this  method  are  carefully  followed,  the  results 
should  check  within  1°  or  2°.  In  the  case  of  reduced  stocks  which  have 
got  been  treated  either  by  acid  or  filtration  through  fuller's  earth  or  bone- 
black,  the  cold  test  is  unreliable,  as  the  tarry  matter  present  in  these  oils 
seems  to  hold  the  wax  in  solution.  For  illustration,  some  reduced  stocks 
which  show  a  cold  test  of  30°  F.  before  filtration  through  fuller's  earth 
or  booeblack  are  solid  at  ordinary  temperature  after  filtration.  In  the 
case  of  oils  having  cold  tests  higher  than  45°  F.  it  is  customary  to  reverse 
the  process — that  is,  freezing  the  sample  solid,  first,  to  about  20°  F,  lower 
than  the  point  at  which  it  congeals,  and  then  gradually  wanning  in  water 
until  on  tilting  it  shows  a  perceptible  Sow. 

Color,  The  color  determination  of  lubricatir^  oils  is  not  only  impor- 
tant as  a  matter  of  convenience  in  keeping  records,  but  indicates  the  degree 
of  refining  the  oil  has  received.  For  this  purpose  the  Lovibond  tint- 
ometer is  to  be  recommended.  This  instrument  is  made  of  wood 
and  divided  longitudinally  by  a  partition,  one  side  to  be  used  for  the 
sample  and  the  other  side,  which  is  slotted,  for  the  standardised  colored 
passes.  The  oil,  depending  upon  the  depth  of  color,  is  tested  in  cells  from  ^ 
in.  to  12  ins.  long.  Very  dark  red  oils,  for  instance,  are  tested  in  i  in.  cells, 
the  lighter  color  red  oils  in  2  ins.,  and  pale  oils  in  6  ins.  or  even  12  ins.  cells. 
The  cell,  filled  with  oil,  is  placed  on  one  side  of  the  partition,  and  the 
standard  glasses  in  the  slot  of  the  other  side  until  the  color  is  matched. 

Odor.  The  odor  of  lubricating  oils  should  be  what  is  known  in  the 
trade  as"  sweet." 

Viscosity.  The  viscosity  or  internal  friction,  sometimes  expressed 
as  the  "  body  "  or  "  fluidity,"  although  an  arbitrary  test,  is  an  important 
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one  in  selecting  a  Batisfaetory  lubricant.  The  instrum^ts  principally 
used  for  making  this  test  are  of  the  same  general  type,  and  are  known  as 
efflux  viacosimeters,  the  main  difference  between  the  instruments  being 
in  the  dimensions  of  the  capillary  throt^h  which  the  oil  runs  and  the 
amount  of  oil  used  for  the  test.  Oils  of  low  viscosity,  as,  for  example, 
those  of  the  en^e,  machine,  and  spindle  oil  classes,  are  usually  tested  at 
temperatures  ranging  from  60°  to  100°  F.,  and  cylinder  and  other  high 
viscosity  oils  at  210°  to  212°  F.  The  principal  instruments  of  this  type 
are  the  Engler,  Redwood,  Saybolt,  Tagli^ue,  and  Universal. 

The  Engler  viflcosimeter,  used  in  Germany  and  also  to  a  consider- 
able extent  in  this  and  other  countries,  consists  of  a  reservoir  A, 
for  the  oil,  enclosed  by  cover  A,  set  in  bath  B.  The  capillary  tube  a  b 
stopped  by  plug  h;  240  c.c.  of  the  oil  to  be  tested  are  poured  into  the  reser- 
voir, and  should  be  just  on  a  level  with  the  points  of  the  studs  cc.  The 
time  required  for  the  delivery  of  200  c.c,  of  distilled  water  at  20°  C.  from 
a  charge  of  240  cc.  should  be  from  51  to  53  seconds.  The  temperature 
is  regulated  by  means  of  a  ring  burner  placed  under  the  oil  bath.  When 
the  proper  temperature  has  been  attained,  the  plug  is  withdrawn  and  the 
outflow  of  200  cc.  timed  by  a  stop  watch.  The  time  in  seconds  required 
for  the  oil,  divided  by  the  time  in  seconds  for  water  at  200°  C,  is  taken  as 
the  "  specific  viscoMty." 

The  results  obtained  by  the  Redwood  '  instrument  are  compared  with 
rape  oil  as  follows:  The  time  in  seconds  required  for  the  outflow  of  50 
cc.  of  the  oil  at  60°  F.  is  multiplied  by  100  and  divided  by  535,  which  is 
the  average  number  of  seconds  required  for  rape  oil  under  the  same 
conditions.  The  result  is  multiplied  by  the  specific  gravity  of  the  oil 
and  divided  by  0.915,  the  specific  gravity  of  rape  oil. 

The  Tagliabue,  Saybolt  and  Universal  instruments  are  arbitrary,  the 
results  being  expressed  in  seconds  for  the  efflux  of  about  60  c.c  of  the  oil. 

Paraffin  Wax.  Mdiing  Point.  The  "  English  test,"  which  is  in  reality 
the  solidifying  point,  is  determined  by  stirring  the  melted  wax  in  a  small 
cup  about  2\  ins.  in  diameter  by  about  2  ins.  deep  until  the  latent  heat 
^ven  up  by  the  crystalhzation  of  the  wax  arrests  the  fall  uf  the  mercury 
column  momentarily.  The  "  American  test "  gives  results  about  3°  F. 
higher  than  the  English  test,  and  is  determined  as  follows:  A  hemispher- 
ical cup  3}  ins.  in  diameter  is  three-quarters  filled  with  melted  wax, 
which  is  allowed  to  cool  without  stirring  until  a  thin  film  forms  on  the 
top,  and  extends  from  the  sides  to  a  thermometer  with  a  round  bulb  J  in.  in 
diwneter,  suspended  so  that  it  is  three-quarters  immersed  in  the  center 
of  the  cup.  As  the  American  method  Is  slow,  it  is  customary  to  take 
the  English  test  and  add  3°  F.  for  the  American. 

C<^.  This  is  determined  by  the  Lovibond  instrument,  using  cells 
from  6  ins.  to  24  ins.  in  length,  the  wax  being  melted.  As  with  the  oils,  it 
ahows  the  degree  of  refining. 


'  Described  in  "  FetrolQum  and  its  Products." 


=y  Google 


616  INDUSTRIAL  CHEMISTRY 

OSxtr  and  Taxte.  The  odor  and  taste  must  be  absolutely  ewect  in 
the  case  of  refined  wax,  but  the  semi-refined  waxes  usually  have  a  slight 
odor  and  taste  of  light  oil. 

Per  Cent  of  Oil.  The  determination  of  oil  in  scale  and  slack  wax  is 
determined  by  pressing  a  500-grMn  sample,  at  a  temperature  of  60°  F,, 
between  pieces  of  muslin  cut  to  fit  the  test  cup.  The  oil  is  absorbed  by 
pieces  of  blotting  paper  placed  above  and  below  the  cloth  containing  the 
wax  in  the  test  cup. 

The  cup  and  plunger  are  cooled  to  60°  F.  before  putting  in  the 
sample  of  wax,  which  has  also  been  cooled  to  60°  F.  The  lever  press, 
Fig.  264,  built  by  the  S.  L.  Moore  *  Sons  Corp.  of  Elizabeth,  N.  J.,  is  the 
one  in  general  use  in  this  country.  The  test  cup  and  plunger  are  5f  ins. 
in  diameter,  and  a  pressure  of  nine  tons  on  the  total  surface  is  applied  for 
five  minutes. 

Asphalt  Melting  Point.  A  number  of  methods  are  in  use  for  the 
determination  of  the  so-called  "  melting  point."  Products  of  this 
class,  however,  on  account  of  their  complex  nature,  do  not  have  a 
true  melting  point.     The  methods  in  general  use  are  as  follows: 

Ball  and  Ring  Method.     "  A  }  in.  deep  by  f  in.  diameter  ring  should  be 
level  full  of  solid  asphalt,  with  some  adhering  to  the  top  and  bottom. 
This  can  be  done  best  by  filling  the  ring  rounding  full  with  asphalt, 
cooling  in  cold   water  for   a    few  minutes,   and   then  cutting  off   the 
excess   with   a   hot    knife.     There   must   be   no  air  bubbles  inside  the 
ring.     A  l-in.  steel  bicycle  ball,  weighing  about  5  grams,  is  then  placed  in 
the  center  of  the  asphalt  and  the  ring 
hung  on  a  level   with   the   mercury 
bulb  of  a  thermometer,  the  point  im- 
mersed  in   a  beaker  of  water.     For 
asphalts  melting  below  100°  F.  the 
water  should  be  about  40°  F.  at  the 
start;  for  asphalts  melting  below  150° 
F.,    60-70°  F.;  for   asphalt  meltii^ 
P,g  284  above  150*   F.,   not  more   than  80° 

F.  The  water  and  beaker  should  be 
heated  10°  F.  per  minute,  and  should  not  vary  more  than  1°  F.  The 
melting  point  is  the  temperature  where  the  ball  and  pitch  begin  to  drop 
rapidly  on  leaving  the  ring,  which  is  usually  about  i  in.  tielow  the  bottom 
of  the  ring. 

The  Kraemer  and  Samow  method  ^  is  similar  to  the  ball  and  ring 
method,  except  that  the  asphalt  is  contained  in  a  6-7  m.m.  open  glass  tube, 
and  5  grams  of  mercury  placed  on  the  top,  the  tube  being  suspended  in 
water  near  the  bulb  of  a  thermometer.  The'water  is  heated  until  the 
mercury  drops  through  with  the  asphalt. 

'  Chem.  Ind.  1903,  26,  (3),  55-57. 

DiyilizBC  by  Google 


THE  PETROLEUM  INDUSTRY  617 

A  recent  electrical  method  *  has  been  devised  by  Mr.  Herbert  Abraham, 
in  which  the  temperature  is  raised  by  a  coil  of  resistance  wire  placed  in  the 
bath.  The  coil  is  connected  with  a  rheostat,  by  means  of  which  the 
temperature  can  be  easily  regulated.  The  particular  advantage  of  this 
method  ia  the  uniform  rate  at  which  the  asphalt  can  be  heated. 

Penetration:  {Consisienq/  or  hardness).  The  instruments  generally 
used  are  the  Bowen,  the  Dow,  and  the  New  Yorking  Testing  Laboratory 
Penetrometers,  all  of  which  are  described  by  Mr.  ClifTord  Richardson  in 
the  "  Modem  Asphalt  Pavement."  A  sample  of  the  asphalt  is  subjected 
to  the  impression  of  a  weighted  standard  needle  for  a  speciSed  time,  at 
a  definite  temperature,  the  penetration  of  the  needle  being  recorded  on 
a  dial. 

Mr.  Herbert  Abraham,  In  the  Proceedings  of  the  American  Society  for 
Testing  Materials,  Vol.  IX,  1909,  describes  hb  consistometer,  which  is 
said  to  give  a  more  accurate  measurement  of  the  true  hardness  of  asphalt 
than  the  penetrometers. 

Petrolene  and  Asphaltene.  The  bitumen  soluble  in  petroleum  spirit 
has  been  des^nated  arbitrarily  "petrolene,"  and  the  part  soluble  in  carbon- 
disulphide  as  "asphaltene."  Some  users  of  asphalt  vary  their  specifications 
for  petrolene  and  asphaltene,  basing  their  proportions  on  what  in  prac- 
tical work  seems  to  give  the  best  results.  The  petrolene  is  first  determined 
by  extracting  a  sample  with  petroleum  spirit,  the  amount  dissolved  rep- 
resenting the  petrolene;  the  residue  is  then  extracted  with  carbon-disul- 
phide,  the  part  dissolved  representing  the  asphaltene. 

Cracking  Processes.^  The  process  of  "cracking"  petroleum  consists  in 
the  decomposition  of  hydrocarbons  by  exposing  them  to  temperatures  above 
their  normal  boilim;-point£,  producing  thereby  hydrocarbons  of  lower  and 
higher  boilii^-points  than  were  contained  in  the  original  mixture  so  treated. 
Alt  "cracking"  processes  may  be  divided  into  four  general  groups,  viz.: 

1.  Those  in  which  the  hydrocarbon  mixture  in  liquid  form  is  subjected 
to  highly  heated  surfaces. 

2.  Those  in  which  the  vaporized  hydrocarbon  mixture  is  subjected  to 
high  temperatures. 

3.  Those  in  which  the  hydrocarboD  mixture  in  vapor  form  is  subjected 
to  high  temperatures  in  the  presence  of  a  catalyst. 

4.  Those  in  which  the  hydrocarbons  are  distilled  under  pressure. 

The  products  obtained  by  the  cracking  process  are:  fned  gas,  gasoline, 
kerosene,  and  aromatic  hydrocarbons  (benzene  and  toluene).  While  most 
processes  have  been  devised  for  the  manufacture  of  gasoline,  the  E]uropean 
War  has  caused  a  good  deal  of  attention  to  be  directed  to  these  processes 
for  the  production  of  toluene  for  the  manufacture  of  trintrotoluol,  which  is 
used  extensively  in  explosives, 

'  Described  by  Mr.  Herbert  Abraham  in  Proceedings  of  American  Society  for  Test- 
ing Materials,  Vol.  IX,  1909. 

•  T.  T.  Gray  and  Frederick  C.  Ring. 
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Speaking  generally  it  may  be  said  that  high  temperatures  are  necessary 
for  cracking  hydrocarbons,  and  that  the  higher  the  temperatures  the  greater 
is  the  volume  of  fixed  gas  formed.  Pressure  is  used  to  bring  about  the  crack- 
ing at  lower  temperatures,  Id  order  to  avoid  this  otherwise  iai^  gas  loss. 

Catalytic  agents  such  as  finely  divided  metals  are  sometimes  used  to 
accelerate  the  decomposition  or  cracking  process,  but  there  are  many 
processes  claiming  catalytic  action,  where  the  only  function  of  the  so-called 
"catalysts"  used  is  one  of  increased  heating  surface. 

Dalton '  in  1809,  made  the  first  scientific  investigation  of  the  decom- 
position of  hydrocarbons  by  submitting  methane  and  ethylene  to  the 
action  of  electric  sparks. 

Faraday ,2  in  1825,  discovered  benzene  and  unsaturated  hydrocarbons 
in  products  obtained  by  subjecting  oil  to  high  temperatures. 

That  oils  will  decompose  under  conditions  of  superheat  and  pressure 
has  been  known  since  the  early  days  of  petroleum  development,  having 
been  observed  by  Silliman  ia  1855  prior  to  the  drilling  of  the  first  oil  well. 
Leet  describes  the  cracking  process  as  first  conducted  on  a  commercial 
scale  under  ordinary  atmospheric  pressure. 

Young,^  in  1885,  patented  his  "Improvements  in  treating  hydro- 
carbon oils,"  which  was  taken  out  for  cracking  shale  oils  under  a  pressure 
of  20  pounds. 

Berthelot,*  in  1866,  published  hia  classical  researches  showing  the  effect 
of  heat  on  various  hydrocarbons.  Acetylene,  heated  to  the  temperature 
at  which  glass  softens  and  which  he  assumed  to  be  600"  to  700°  C,  formed 
hquid  hydrocarbons,  and,  heated  in  the  presence  of  coke,  decomposed  to 
carbon  and  hydrogen.  In  a  later  series  of  experiments  in  which  various 
hydrocarbons  were  passed  through  a  red-hot  porcelain  tube,  he  found 
benzene  gave  diphenyl,  ohrysene,  and  a  ruinous  body;  toluene  gave  ben- 
zene, toluene,  naphthalene,  a  crystalUne  product  volatile  at  270"  C, 
a  hquid  hydrocarbon  named  by  him  benzyle,  and  anthracene;  styrolene 
gave  benzene  and  acetylene;  styrolene  and  hydrogen  gave  benzene  and 
ethylene;  styrolene  and  ethylene  gave  naphthalene  principally  but  some 
benzene;  styrolene  and  benzene  gave  anthracene,  naphthalene,  and  diphe- 
nyl; benzene  and  naphthalene  gave  anthracene;  diphenyl  gave  benzene 
and  chrysene;  xylene  gave  toluene  principally,  also  xylene,  benzene, 
naphthalene,  and  anthracene;  cumolene  gave  toluene  and  xylene  for  the 
main  part  with  smaller  quantities  of  benzene,  also  cumolene,  naphthalene, 
anthracene,  chrysene,  and  benzerythrene. 

Thorp  and  Young^in  1871  distilled  paraffin  wax  of  44.5°  C.  melting- 

■Phil.  Trans.  99  (1800),  446. 
•Ibid.,  440  (1825). 
'Eng.  Pat.  3345  (1866). 

*  Ibid.  63  (1866),  788,834;  Compt.  Rend.,  62  (1866),  905,  947;  BuIL  8oc.  Chim. 
Paria.  2,  7  (1867),  217. 

'  Proc.  Roy.  Soc.  19  (1871),  370;  20  (1872).  488;  21  (1873),  184. 
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point  under  pressure,  obtaining  almost  a  complete  conversion  of  same  into 
liquid  hydrocarbons.  On  examination  of  the  fraction  distilling  below 
100°  C.  (212°  F.),  it  was  found  to  consist  mainly  of  olefins.  The  fraction 
below  200°  C.  was  made  up  of  olefins  and  paraffins,  but  no  benzene  hydro- 
carbons were  found. 

Abel,'  in  1877,  took  out  a  patent  in  which  petroleum  is  treated  with 
anhydrous  aluminium  chloride  or  other  metallic  chloride  at  100°  C.  to 
600°  C.  with  the  production  of  light  oils. 

Benton,^  in  1886,  patented  his  "Improvements  in  the  methods  and 
means  of  refining  crude  and  refuse  petroleum  oil  and  the  like."  This 
process  consisted  in  pumping  the  oil  to  be  cracked  under  a  pressure  of  500 
pounds  or  more  to  the  square  inch,  and  a  temperature  between  700"  and 
1000°  F.,  through  a  coil  of  pipe  heated  in  a  furnace,  and  expanding  the 
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vapor  into  a  chamber  connected  with  a  condenser.  This  apparatus, 
Fig.  265,  was  designed  to  produce  kerosene  from  heavier  and  less  valuable 
oib.  It  consists  of  a  series  of  pipes  B,  heated  by  means  of  a  furnace  A, 
and  communicating  on  one  side  with  a  force  pump  T,  and  on  the  other  side 
with  a  vapor  chamber  C,  which  may  be  heated  or  partially  exhausted. 
The  pressure  is  regulated  by  a  valve  G,  a  safety  valve  Q,  being  also  pro- 
vided. The  unvolatilized  liquid  passes  from  the  chamber  C  at  K,  and  the 
v&por  passes  through  the  primary  condenser  H  to  water  cooled  condenser  J. 

Krey,^  in  the  same  year,  took  out  a  patent  in  which  he  used  pressure 
of  from  2  to  4  atmospheres. 

Dewar  and  Redwood,*  in  1889,  developed  a  very  interesting  process  for 

'Eng.  Pat.  4769(1877). 

» Eng.  Pat.  1922  (1887);  U.  S.  Pata.,  342,564,  342,565  (1886). 
'  G«r.  Pat.  37,728  (1886). 

*U.  S.  Pate.  419.931,  426,173  (1890);  Ei^.  Pate.  10,277  (1889),  13,016  (1890); 
5071  (1891);  Ger.  Pat.  53,.552  (1889). 
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distilling  oil  UDder  pressure  to  increase  the  yield  of  illuminating  oil.  In 
their  apparatus  there  is  free  communication  between  the  still  and  the 
condenser,  and  the  cracked  products  are  condensed  under  pressure,  see 
Fig.  266. 

The  still  is  charged  about  half  full  through  charging  line  E,  and  all  other 
space  not  occupied  by  the  oil  is  chained  with  carbonic  or  other  fixed  gas 


ELEV^Tlori 
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through  gas  line  F.  The  pressure  is  maintained  by  closing  control  valve  D 
on  the  condenser  outlet  line.  The  vapor  is  condensed  in  the  condenser 
coil  G,  the  condensate  passing  to  a  receiving  tank  H,  which  may  be  emptied 
at  intervals. 

The  cover  C  is  removed  occasionally  to  clean  out  the  residue. 

The  foregoing  methods  were  all  designed  to  increase  the  yield  of  illumi- 
nating oils  from  less  valuable  distillates.  In  the  operation  of  these  processes, 
the  production  of  kerosene  would  be  accompanied  by  a  production  of  gaso- 
hne,  but  up  to  that  time,  1S90,  there  was  practically  no  demand  for  gaso- 
line, and  the  manufacturers  left  in  the  kerosene  what  is  now  known  as  the 
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gasoline  fraction,  and  the  finished  kerosene  oil  had  to  stand  specified  flash 
teste.  The  internal  combuation  ei^ne  has  reversed  this  condition,  so 
that  to-day  gasoUne  has  specified  boiling-point  limite  to  prevent  its  adulter- 
ation with  kerosene. 

Laing,'  in  1892,  took  out  a  patent  for  cracking  mineral  oils  under 
atmospheric  pressure.  In  his  apparatus,  Fig.  267,  oil  is  pumped  contin- 
uously into  the  first  compartment  Si;  the  vapors  thus  pass  Li  to  the  con- 
densing coil  Ml  and  fall  into  compartment  B2.  This  same  process  is 
repeated  through  compartment  B3  and  £4- 

The  vapors  pass  from  ocnnpartment  S4  through  vapor  pipe  Af  to  a  con- 
denser coil.    The  residue  flows  continuously  through  outlet  T  and  cooler 
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U  to  the  receiving  tank  and  is  said  to  have  the  consistency  of  pitch  when 
cold,  ft  is  a  water  jacket  to  prevent  overheating  of  the  end  compart- 
ment £4- 

This  process  is  more  a  continuous  distillation  process  than  a  cracking 


Cowper-Coles,^  in  1906,  passed  paraffin  oil  vapors  through  small  tubes 
heated  to  1700°  F.  (926°  C),  in  order  to  decompose  them  for  the  pro- 
duction of  motor  fuel. 

In  1906,  Day  ^  patented  a  process  for  distilling  petroleum  under  pres- 
sure in  the  presence  of  hydrogen  and  a  catalyst,  mentioning  palladium 
black  or  spongy  platinum  as  suitable  catalytic  agents. 

'  U.  S.  Pat.  «8,7e7  (1892). 
>Eng.  Pat.  27.945(1906). 
•U.S.  Pat.  826,089(1906). 
*Fr.  Pat.  400,141  (1008). 
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patented  a  catalytic  cracking  and  hydrogenation  process,  in  which  the 
heavy  oil  vapors  first  decomposed  by  passing  them  over  finely  divided 
metals  at  400°  C.  were  then  combined  with  hydrogen  and  again  passed 
over  finely  divided  metals  at  a  temperature  of  IW-SOO  C. 

In  t90S  Noad  and  Townsend  '  passed  oil  mixed  with  water  over  highly 
heated  scrap  iron. 

Testelin  &  Renard,  ^  in  1908,  obtained  a  patent  for  spraying  petroleum 
into  a  coil  by  means  of  steam,  heating  to  400-450°  C.  under  a  pressure  oi 
5  atmospheres,  and  then  passing  through  a  coil  filled  with  burnt  clay. 

In  1909  Wassmer  ^  used  electrically  heat«d  conductors  to  crack  petro- 
leum vapors;  and  in  1910  Adams*  proposed  an  incandescent  electric  heater. 

Burke, ^  in  1911,  decomposed  oil  at  low  pressure  and  condensed  the 
cracked  vapors  at  high  pressure 

In  1912,  LefTer  ^  distilled  petroleum  in  the  presence  of  an  inert  gas  imder 
a  pressure  of  10  to  It  atmospheres  and  a  temperature  of  410°  C. 

Lamplough,^  in  1912,  decomposed  oil  in  the  presence  of  steam  and 
nickel  in  a  retort  at  dull  red  beat  under  pressure,  using  20  to  60  parte  of 
water  to  lOO  parts  of  oil. 

Ellis  ^  in  1912,  injected  heavy  oils  with  a  small  amount  of  air  throu^ 
nozzles  into  a  retort  charged  with  fire-brick,  or  other  refractory  material, 
under  a  pressure  of  30  to  50  pounds.  - 

Turner,^  in  1912,  passed  water  and  oil  through  a  coil  heated  at  400- 
800°  F.  and  60  pounds  pressure  where  vaporization  took  place;  he  then 
passed  the  vapor  through  another  coil  heated  to  1000-1400°  F.  and  con- 
densed it  under  atmoepheric  pressure. 

In  1913  Renard'"  patented  a  process  for  converting  petroleum  into  low 
boiling-point  products  by  decomposing,  under  pressure,  and  distilling  at 
atmospheric  pressure. 

G.  W.  Gray,"  in  1913,  cracked  oils  by  heating  them  in  the  presence  of 
anhydrous  aluminium  chloride,  ferric  or  other  metallic  chlorides,  at  a 
temperature  below  the  final  boiling-point  of  the  product  desired. 

In  1913  Moeller  and  Woljerick''  developed  a  cracking  process  in  which 

'  EuK.  Pat,  13,676  (1908). 

•Eng-Pftt.  16,881  (1908);  U.S.Pat.  1,138,260  (1915);  Pr.  I^ta.  393,554  (1908), 
416,244  (1910);  Ger.  Pats.  288,176  (1008),  226,958  (1909). 

>  Eng.  Pat.  26,936  (1909). 

*  U.  S.  Pat.  976,975  (1910). 

'Eng.  Pat.  16,931  (1911);  Fr.  Pat.  432,782  (1911). 

■Eng.  Pats.  2329  (1912);  19.051  (1912);  4140  (1913);  Fr.  Pat.  454,580  (1913). 

'Eng.  Pats.  19,702,  28,101  (1912);  Fr.  Pat.  457,877  (1913);  Int.  Conv.  Aug.  28 and 
Dec,  15,  1912. 

•Eng.  Pat.  25,631  (1912);  IdI.  Conv.  Apr.  1,  1912. 

•U.S.  Pate.  1,M6,683  (1912);  1,151,422(1915);  Eng.  Pat.  25,832  (1912);  Pr.  Pat. 
451,162  (1912). 

"  Eng.  Pat.  3413  (1913);  Fr.  Pat.  462,286  (1913). 

"Eng. Pat.  17,838-9(1913);  U.S.Pat.  l,193,5«)-l  (1916);  Int.Conv.  June 23, 1913. 

"Eng.  Pat.  1611  (1913). 
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oil  vapors  mixed  with  steam  superheated  to  700-800°  C.  were  passed  over 
coke  heated  to  600-800°  C. 

Snelling,^  in  1913,  proposed  to  heat  low-grade  crude  oil  and  heavy  oils 
in  a  still. one-eighth  to  one-half  full  until  a  pressure  of  600  to  800  pounds 
per  square  inch  was  obtained,  producing  thereby  a  "synthetic  crude  oil." 

William  M.  Burton,^  in  1913,  patented  his  process  for  the  manufacture 
of  gasoline,  which  to-day  is  the  best  known  and  most  widely  used  of  all 
cracking  procrases.  In  his  apparatus  communication  is  maintained  between 
the  still  and  condenser,  which  fact  differentiates  it  from  other  processes  now 
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in  commercial  use,  Dr.  Burton  claims  high  yields,  less  fixed  gas,  a  sweeter 
product  and  a  highly  saturated  gasoline.  In  this  process.  Fig.,  268,  the 
still  1  is  charged  with  gas  oil  and  raised  to  a  pressure  of  4  to  5  atmos- 
pheres with  a  still  temperature  of  about  650-850*  F.  The  vapore  pass 
through  vapor  lines  2  to  air  condenser  3  where  the  heavier  products  are 
condensed  and  flow  back  to  the  still  through  vapor  line  2?  The  uncon- 
densed  vapors  pass  through  the  condenser  coil  5,  while  the  condensate 

■  Eng.  Pftt.  18,119  (1914);  100  (1916);  Int.  Conv.  Nov,  11,  1913. 

>U.  8.  Pats.  1,019,667,  1,055,707  (1913);  1,105,961  (1914);  Under  Int.  Conv. 
July  3,  1912;  Eng.  Pat.  29,862  (1912);  Fr.  Pat.  469,689  (1914);  Can.  Pat.  155,567 
(1914). 

'Humphrey's  Pate.  U.  S.  111,970,  1,122,0(»,  1,122,003  (1914);  Ft.  Pat.  476,782 
(1914);  Eng.  Pata.  21,273  (1914);  7541  (1915). 
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passes  to  meteriog  tank  11,  and  thence  to  the  receiving  tanks  15  and  16. 
About  50  per  cent  of  the  charge  is  distilled  while  the  residue  is  pumped 
through  the  cooler  7  to  the  receiving  tank  8.  The  pressure  is  maintained 
by  the  valve  13,  When  Burton  stills  are  run  in  batteries,  ths  pressure 
is  usually  maintained  throv^hout  the  entire  system  by  means  of  fixed  still 
gas. 

The  Standard  Oil  Co.  uses  the  Burton  process  extensively,  and  has  used 
in  conjunction  with  it  several  other  patented  installations,  such  as  the 
Clark  tube  still  (similar  to  the  Heire  water-tube  boiler),  in  which  all  oil 
exposed  to  direct  fire  is  contained  in  4-in.  tubes,  the  large  drum  acting 
as  a  circulation  and  expansion  chamber.  The  efficiency  of  this  still  is 
evidently  due  to  the  increased  heating  surface  and  circulation.  Where 
this  still  is  employed,  it  is  customary  to  conduct  the  run  as  a  semi-con- 
tinuous operation  by  feeding  fresh  gas  oil  into  the  still  as  the  distillation 


The  Burton  process  as  conducted  in  the  shell  stills  produces  approxi- 
mately 30  per  cent  of  60°  B6.  gasoline  and  about  3  per  cent  of  fixed  gas. 
The  gasoline  is  raUier  highly  unsaturated,  and,  before  treatment  with 
sulphuric  acid,  possesses  a  strong  "  cracked  "  odor. 

The  shell  still  used  in  the  Burton  plants  was  patented  by  Humphreys  > 
(see  Fig.  269).    Still  A  Is  provided  with  false  bottom  B,  which,  it  is  claimed, 


acts  as  a  catalyst.  Humphreys  claims  that  stills  equipped  with  false 
bottoms  greatly  accelerate  the  conversion  of  heavy  oils  into  lighter  products, 
and  that  65  to  75  per  cent  of  the  charge  may  be  distilled  off  before  cleaning 
the  still,  whereas  with  stills  not  so  equipped,  only  one-third  of  the  charge 
can  be  driven  over.  Plan  Fig,  289  shows  the  Humphreys  vapor  lines  for 
condensing  and  returning  to  the  still  that  part  of  the  vapor  which  is  heavier 
than  gasoline.  For  a  still  8  ft.  in  diameter  and  30  ft.  in  length,  vapor  pipes 
40  ft.  long  are  recommended. 

'  U.  S,  PfttB.  1,119,700,  1,112,003  (1«4)- 
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Id  1914,  BacoQ  and  Clark '  decomposed  heavy  hydrocarbona  by  dis- 
tilling them  under  a  pressure  of  100-300  pounds  per  square  inch.  J.  L. 
Gray,^  passed  gas  oil  or  other  heavy  oil  into  molten  lead  maintained  at  a 
high  temperature,  thus  producing  low  boiling-point  hydrocarbons. 

lu  1915,  Bacon,  Brooks  and  Clark  ^  proposed  a  vertical  retort,  dis- 
tilling under  a  pressure  of  60-300  pounds  per  square  inch  and  at  a  tem- 
perature of  350-500°  C. 

In  1915,  The  New  Process  Oil  Co.*  decomposed  oi!  by  distilling  it  with 
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water  in  a  retort  at  340-510°  C.  and  condensing  the  resulting  vapors  under 
a  pressure  of  3  to  5  atmospheres. 

In  1915,  Thompson  ^  decomposed  heavy  oil  under  pressure  in  the 
presence  of  hydrogen  and  finely  divided  nickel. 

Danckwardt,"  in  1915,  proposed  to  spray  a  heated  liquid  such  as  molten 
lead,  sodium  nitrate  or  hydroxide  into  the  oil  contained  in  the  distillii^ 
vessel,  under  a  pressure  of  125  pounds  per  square  inch  and  at  a  tempera- 
ture of  400°  C.  The  molten  metal  or  fused  salt  is  continuously  withdrawn, 
reheated  and  delivered  to  the  distilUng  vessel  (see  Fig.  270).  The  lead  ia 
heated  in  the  coil  2  and  forced  in  the  form  of  a  spray  through  the  pipe  20 

'U.S.  Tut.  1,101,482  {1914). 

•Can.  Pat.  153.966(1914). 

•U.S.  Pat.  1,131.309(1916). 

•U.S.  Pat.  1,138.266  (1915);  Eng.  Pat.  4856  (1916). 

'U.S.Pat.  1,160,670,  (1915). 

•U.S.  Pat.  1,141,529(1915). 
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into  the  still  5.  The  oil  enters  the  atiti  5  also  in  the  form  of  a  spray  through 
feed  pipe  21  and  conuninglea  with  the  molten  metal  trickling  through  the 
grating  7,  thu»  causing  a 
destructive  diatillation,  of 
the  oil.  Carbonic  acid  gas 
at  the  same  time  is  forced 
through  the  condenser  coils 
29  and  35  to  dispel  the  air 
and  permit  expansion  of 
the  gases. 

The  heavier  hydrocar- 
bons (mostly  burning  oils) 
are  condensed  in  condenser 
29  and  pumped  to  renin 
tank  24.  The  naphtha  is 
condensed  in  condenser  35 
and  run  to  the  receiving 
tank. 

In  1916  Wells'  patented 
a  process  in  which  the  oil 
vapors  are  passed  into  a 
bath  of  mdlten  lead  heated 
to  540°  C. 

In  1916,  Palmer^  de- 
composed the  oil  under  a 
pressure  of  60-400  pounds 
per  square  inch  at  a  tem- 
perature below  200"  C, 
then  released  the  preasure 
and  distilled  under  ordi- 
nary pressures. 

The  Rittman  ^  process 
/J/flMMT  ^  ^osffxf  CMMKT/affA  for  the  manufacture  of  gas- 

Fio.  271,  oUne,  benzene,  and  toluene 

from  petroleum  has  re- 
ceived much  attention  durit^  the  past  few  years.  This  process  baa  been 
granted  letters  patent  in  England.  Previous  to  this  time  patents  were  taken 
out  by  others  for  the  production  of  aromatic  hydrocarbons  by  cracking.* 

'  U.  S.  Pat.  1,187,874  (1916). 

'U.S.  Pat.  1,187,380(1916). 

>BuU.  114,  Bureau  of  Mines  (1916);  J.  lad.  Eng.  Chem.  8  (1916),  351;  On 
Paint  and  Drug  Reporter,  89  (1916),  7,  8;  J.  Ind.  Eng.  Chem.  7  (1915),  946;  J.  Ind. 
Eng.  Chcni.,8  (1916),  20. 

*  HIawaty  and  Friedman,  Eng.  Pat.  2242  (1820);  Cer.  Pat.51,553  (1888).  Dvoricoviti, 
Eng.  Pats.  7983,  19,641,  21,617  (1892).  Smith,  Eng.  Pat.  7605  (1893).  Young,  Eng., 
Pat.  12,356  (1893).    Meikle,  Eng.  Pat.  23,649  (1896).     Meffert,  Ger.  Pat.  90,254  (1897). 
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.  The  app««tU3  as  origmally  planned.  Fig.  271,  conaista  of  furnaces 
heated  by  22  gas  bumere,  with  2  rows  of  5  vertical  cracking  tubes  8  in. 
diameter  by  11  ft.  6  in.  long.  Each  tube  ib  connected  to  a  aeparate  oil 
supply  and  condenser.  The  carbon  formed  on  the  tube  walls  is  removed 
by  means  of  chains  fastened  spirally  to  the  rotating  stirring  shaft  and 
falls  to  the  bottom  when  it  is  collected  in  the  carbon  pots.  A  fan  attached 
to  the  lower  end  of  the  stirring  shaft  prevents  carbon  from  filling  the 
bearings. 

The  oil  is  fed  into  the  top  of  the  tubes  at  a  rate  of  30  gallons  per  hour 
and  subjected  to  a  temperature  of  700°  C.  at  a  pressure  of  150  pounds  per 
square  inch.  The  vapors  pass  throt^  the  vapor  line  to  the  primary  sep- 
arator where  the  heavier  products  are  condensed. 

The  lighter  vapor  thus  passes  throi^  the  condensing  coil,  and  from 
this  into  the  secondary  separator  where  it  is  stored  until  the  run  is  com* 
pleted.  A  gate  valve  is  placed  between  the  tar  neck  and  carbon  pot, 
which  may  be  closed  in  order  to  maintain  the  pressure  while  the  carbon 
pot  is  being  cleaned.  The  laige  percentage  of  fixed  gas  given  ofT  is  usually 
8u£Scient  to  run  ihe  burners. 

Both  apparatus  and  process  have  been  improved  since  the  construction 
of  the  first  unit  and  at  this  writing  several  commercial  plants  are  being 
operated. 

The  Rittman  process  wbep  operating  on  kerosene  is  said  to  yield 
35  per  cent  of  51°  B£.  gasoline  which  contains  10  per  cent  of  unsaturated 
hydrocarbons  and  has  the  following  distillation  temperatures. 

Initial  boiling-^int 60°  C. 

6  per  cent  off  at 100° 

35  per  cent  off  at 150° 

80  per  cent  off  at 180° 

Dry  point 205° 

When  operated  on  33°  B4.  gas  oil  this  process  is  said  to  produce  27  per 
cent  of  motor  fuel  of  52°  B£.  and  420°  F.  final  boiling-point,  with  a  gas  loss 
of  8  per  cent  and  a  loss  of  3  per  cent  on  treatment  with  sulphuric  acid. 

In  the  Greenstreet  ^  patent,  oil  and  live  steam  are  sprayed  through  an 
atomizer  19,  Fig.  272  into  a  beating  coil  1  which  coil  is  enclosed  in  a  fire- 
brick jacket  and  heated  to  a  cherry  red  heat  by  means  of  an  oil  burner  2, 
Expansion  takes  place  in  the  condensing  tanks  3,  4,  5,  6,  7,  the  condensate 
falling  to  the  bottom  from  whence  it  is  piped  to  collection  tank  8. 

The  vapor  from  the  condensing  tank  7,  passes  through  the  condenser 
coil  9  where  it  is  partially  condensed,  thence  to  the  gasoline  separating 
tank  10  where  a  further  separation  takes  place.  The  remaining  gasoline 
vapor  passes  through  the  condenser  coil  13  where  final  condensation  takes 

'Eng.  Pats.  16,452,  17.057  (l»i2);  Fr.  Pate.  446,475  (1912);  462,484  (1913); 
1,110,923-4-5  (1914);  U.  8.  Pat.  1,166,982  (1916). 
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plsce.    The  non-condensable  gas  is  trapped  at  14  and  absorbed  by  the 
heavy  oil  in  tanks  15  and  16. 

The  condensate  from  10  is  emptied  at  intervals  into  the  still  tank  11 
where  the  temperature  ie  raised  by  means  of  a  steam  coil  12.    The  residue 


is  emptied  at  intervals  into  collection  tank  S  while  the  vapors  pass  through 
condensing  coil  13. 

The  fraction  in  tank  S  is  vaporized  through  condenser  coil  17,  the  con- 
densate received  in  tank  18  and  emptied  at  intervals  into  collection  tank  8. 
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H&ll '  devised  a  proceae  for  the  manufacture  of  motor  fuel  of  low 
boiliDg-point,  for  which  he  claims  greater  mileage,  flexibility  and  ease  in 
starting.  His  process  consists  of  cracking  heavy  oil  at  a  temperatiuv  of 
540"  0.-600°  C.  at  70  pounds  pressure,  in  the  tubes  4,  Fig.  273.     After 


primary  beating  in  coils  2,  the  vapors  are  expanded  in  a  defl^mator  0, 
where  the  free  carbon  is  caught  by  broken  pottery  and  the  vapor  further 
cooled  in  the  second  deflegmator  14.  The  uncracked  condensate  obtained 
by  this  method  may  be  reprocessed  or  otherwise  used. 

The  vapor  of  the  light  hydrocarbons  passes  to  the  separator  16,  and 
thence  to  compressor  17,  where  the  pressure  is  raised  to  100-125  pounds 

•Eng.  Pats.  17,121,  24,491  (1913);  437,  7282,  2948,  12,962  (1914);  6069,  1S94 
(1915);  U.  S.  Fata.  1,175,909-10  (1916);  1,194,289  (1916);  Int.  Conv.  May  11,  1914; 
Ft.  Pata.  467,381  (1914);  Int.  Conv.  Oct.  28,  1913. 
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per  square  inch.  An  endothennic  reaction  occurs  with  the  decteaae  in 
temperature,  and  the  condensed  producta  pass  to  a  receiver  21,  where  the 
fixed  gas  is  separated  and  released. 

The  Hall  water  fuel  is  said  to  be  quite  stable,  but  is  yellow  in  color 

and  has  a  disagree- 
able varnish  -  hke 
odor.  It  leaves  a 
dark  orange  non- 
drying  substance  on 
evaporation.  It  can, 
however,  be  deodor- 
ized and  rendered 
water  white  by  agi- 
tating with  sulphuric 
acid  or  fuller's  earth. 
This  process  is  being 
used  commercially  in 
England  and  America 
for  the  manufacture 
of  "Motor  Spirit." 
S;  In  1916  Roth  >  de- 
ls vised  a  process  of 
^  cracking,  in  which  the 
crude  oil  is  pumped 
continuously  into  still 
1,  Fig.  274,  through 
charging  line  3.  The 
tight  distillates  pass 
through  a  vapor  line 
4  to  a  condenser  coil. 
The  residue  over- 
sows to  still  6  and  9, 
.  where  the  intermedi- 
ate and  heavy  vapors 
pass  through  vapor 
lines  7  and  10  to  con- 
denser coils  13  and 
16,  the  condensate 
flowing  to  tank  15. 
I  H  Anywater,if  present, 

isseperate'i  w'ilethe 
heavy  oU  rises  to  the  top,  and  overflows  to  the  pump  19  wher  forced 

in  form  of  spray  into  another  cracking  still  12.     Here  it  i      tts  the  hot 
residue  which  has  overflowed  from  still  9.     The  vapor  from  i.  .ill  12  passes 
» U.  S.  Pat.  1,208,214  (1916). 
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through  a  condenser  coil  22,  where  the  cooling  medium  is  kept  at  about 
15"  C,  below  zero.  The  fixed  gas  escapes  through  pipe  24,  while  the 
condensate  flows  to  the  receiver  26. 

In  1914  and  1915,  McAffee '  obtained  several  patents  in  which  be  used 
anhydrous  aluminium  chloride  as  a  catalytic  agent.  In  his  process,  Fig. 
275,  the  distillation  is  conducted  at  atmospheric  pressure.  The  aluminium 
chloride  is  introduced  into  the  still  1  through  the  manhole  25  and  kept  in 
suspension  by  means  of  stirring  apparatus  6.     The  oil  previously  dried  is 


FIG.  276. 


pumped  into  the  still  through  feed  pipe  2.  The  vapors  pass  through  the 
vc^r  hue  7  to  the  chamber  8  where  any  aluminium  chloride  carried  over  is 
arrested  and  drops  back  into  the  still.  The  vapors  formed  continue  through 
this  air  condenser  10-12,  where  a  partial  condensation  takes  place. 

The  condensate  from  10  (consisting  of  heavy  oils)  nm  back  to  the  still, 
while  the  condensate  from  12  (mostly  solvents  and  burning  oils)  may 
be  returned  to  the  still  or  run  through  the  cooler  24.  The  vapors  from  12 
pass  throi^  a  condenser  coil  16,  where  a  final  condensation  takes  place. 

This  process  is  similar  to  that  of  Abel's  patented  in  1877  and  Gray's 
patented  in  1913. 

■  J.  Ind.  Enft  Chem.,  7  (19X5).  737.  U.  8,  Pata.  1,099,096,  1.127,  465,  1,144,304 
(1914);  Edr.  Pats.  22,243-4,  A924  (1914);  Ind.  Coqv.  F*.  12,  1914;  Fr.  Pat,  477,668 
(1916). 
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CHAPTER  XXIII 

THE  DESTRUCTIVE  DISTILLATION  OF  WOOD 

W.  B.    HARPER 

Chemical  Engineer,  in  Charge  iff  Tar  Products,  Atlanta  Gat  Linht  Co.,  Atianta,  Ga. 

The  Distillatimi  of  Wood.  Wood  is  a  material  that  is  found  widely 
distributed.  In  some  sections  the  various  woods  are  equally  intermingled, 
while  in  other  sections  large  areas  are  covered  by  only  one  species,  with 
but  few  trees  of  other  kinds.  In  the  United  States  there  is  a  yellow 
pine  belt  reaching  from  North  Carolina  to  Texas,  the  northern  limit  being 
Central  Alabama,  and  extending  south  to  within  a  few  miles  of  the  coast. 
The  fir  belt  is  found  on  the  Pacific  Slope  and  extends  from  northern  Cali- 
fornia into  British  Columbia.  In  Michigan  are  found  large  tracts  of  maple, 
and  in  other  States  other  kinds  of  wood  are  found  in  quantity. 

For  distillation  purposes,  usually  but  two  classes  of  woods  are  used — ■ 
the  hard  woods,  such  as  oak,  beech  and  maple,  and  resinous  woods,  such 
as  the  yellow,  pine  and  Douglas  fir.  The  hard  woods  yield  larger 
quantities  of  acetic  acid  and  alcohol  and  the  resinous  woods  more  tar 
and  oils.  To  obtain  the  highest  yields  of  the  various  products  sought, 
the  proper  kind  of  wood  must  be  selected,  and  the  supply  should  be  large. 

Treatiueiit  <rf  the  Material  Preparatory  to  DistillatioD.  In  hard  wood 
distillation  In  the  United  States,  the  wood  is  cut  into  lengths  of  about 
4  ft.,  like  ordinary  cord  wood.  In  Europe  the  wood  b  often  cut  into 
short  billets  and  then  distilled.  As  the  distillation  of  hard  wood  is  now 
carried  on  mostly  in  connection  with  iron  furnaces,  large  pieces  of  wood 
must'be  used  in  order  to  make  a  suitable  charcoal. 

The  practice  with  resinous  woods  is  very  variable.  Some  plants 
use  cord  wood,  some  billets,  and  some  chips  from  a  chipping  machine 
called  a  "  hog." 

In  all  destructive  distillation  processes,  the  finer  the  wood  is  cut  the 
more  quickly  the  distillation  proceeds.  To  distil  very  fine  material 
special  apparatus  is  needed  on  account  of  the  tendency  of  the  material 
to  pack,  thus  preventing  the  heat  from  paseiog  through  and  also  preventing 
the  gases  from  escaping.  Usually,  in  a  stationary  retort  the  wood  should 
not  be  cut  in  pieces  less  than  a  foot  in  length.  As  the  cutting  of  the  wood 
requires  power,  labor  and  apparatus,  the  advantages  of  rapid  distillation 
are  often  offset  by  the  expense  of  preparation.    For  the  extraction  of 
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turpentine,  the  finer  the  particles  of  wood,  the  larger  the  yield,  the  quicker 
the  distillation  and  the  better  the  quality  of  the  oil  produced.  If  the 
residue  is  to  be  used  for  paper  making,  the  chips  should  be  of  a  suitable 
size  to  make  the  proper  fiber. 

Manufactoring  Processes.  For  the  production  of  charcoal  only, 
the  simplest  and  crudest  form  of  distillation  is  the  common  charcoal  pit, 
Fig.  276.  This  method  conmsts  of  stacking  up  a  lot  of  wood  in  a  circle  of 
30  to  50  ft.  in  diameter  and  covering  it  with  earth.  These  pits  are  made 
in  various  shapes  and  sizes.  Often  the  wood  is  cut  into  billets  and  placed 
on  end  to  form  a  circular  stack  of  several  layers,  the  diameter  of  each, 
upper  layer  being  less  than  the  one  immediately  below  it,  thus  forming 
a  mound  or  "  meiler."  A  passageway  ia  left  to  the  middle  of  the  pile  so 
that  a  fire  can  quickly  reach  the  center.  The  pile  is  covered  with  turf 
and  sand,  except  near  the  bottom,  where  vents  are  left  for  the  admission 
of  air  and  also  for  the  escape  of  the  vapors.  In  this  form  of  distillation 
part  of  the  wood  is  carbonized  by  the  heat  formed  by  the  combustion  of 
the  other  part.  The  water  vapor  is  driven  off  first  and  the  oxygen  of 
the  air  present  in  the  interstices  of  the  wood  is  consumed.    After  dia- 


Fio.  276.— Charcoal  pit. 

tillation  gets  under  way  the  air  is  carefully  excluded  to  such  an  extent 
that  only  sufficient  is  admitted  to  thoroi^hly  char  the  wood  without  burn- 
ing too  much  of  it.  Any  part  exposed  by  the  earth  falling  in  is  quickly 
covered  and  only  cracks  enough  allowed  to  permit  the  gases  to  escape. 
The  charring  is  finished  when  the  gases  become  light  blue  in  color.  The 
earth  is  then  removed  tn  small  sections  at  a  time  and  the  charcoal  quenched 
with  water. 

In  a  Charcot  Hln  the  wood  is  stacked  either  on  end  or  lying  down. 
A  firing  passage  is  left  as  in  the  case  of  the  charcoal  pit.  The  kiln  itself 
consists  of  a  brick  chamber,  either  beehive  in  shape  or  rectangular.  They 
are  usually  made  large  enough  to  hold  from  60  to  80  cords  of  wood.  Some 
are  lined  with  firebrick  part  way  up  the  side.  Doors  are  left  in  the  top 
and  bottom  for  charging  the  wood.  Openings  are  left  in  the  bottom  for 
the  admission  of  air,  and  some  have  a  flue  connection  with  a  stack  so 
as  to  encourage  the  draft  Those  having  stacks  can  be  forced  so  as  to 
complete  the  distillation  in  two  or  three  days  if  necessary.  Usually  it 
takes  about  eleven  days  to  chai^,  distill  and  to  cool  with  forced  draft  and 
twenty-one  days  without. 
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Aa  illustratioD  of  the  most  common  form  of  kiln  is  ahown  witb  stack 
in  Fig.  277.  The  method  of  operating  a  kihi  is  similar  to  that  followed  with 
a  pit.  The  fire  is  led  to  the  middle  of  the  pile  and  the  whole  allowed  to 
heat  slowly  to  drive  out  the  water,  then  the  holes  at  the  bottom  are 
cloaed  and  opened  in  such  a  manner  as  to  cause  the  fire  to  spread  over  the 
entire  kiln  so  as  to.  avoid,  as  far  as  possible,  the  formation  of  brands  or 
uncharred  pieces.  As  with  the  pit,  the  presence  of  the  light-blue  vapors 
denotes  the  fact  that  most  of  the  volatile  matter  has  been  driven  off.  The 
kiln  is  then  closed  up  tightly  with  lime  and  allowed  to  cool.  In  both  the 
I»t  and  the  kiln  the  vapors  are  lost,  although  someti|ne8  a  condenser  is 
uced  with  a  kiln.  On  account  of  the  lai^  amount  of  firs  gases,  which 
mii^e  with  the  vapors,  these  condensers  must  be  laige  and  supplied 
with  plenty  of  cooling  water.  The  yield  of  valuable  products  is  much 
less  than  when  retorts  are  used. 

To  manufacture  tar  from  resinous  woods  by  means  of  kilns  or  pits, 
it  is  customary  to  have  a  trough  leading  from  the  bottom  of  the  wood  to 
a  pit  underground.  The  wood  is  cut  up  much  finer,  and  is  more  thoroughly 
burnt,  leaving  but  little  charcoal,  the  object  being  to  obtuu  as  much 
tar  as  possible. 

Fia.  277.— ChuwMl  kiln  with  Block. 

Retorts.  To  save  the  volatile  matter  coming  from  the  wood,  various 
retorts  have  been  devised,  varying  within  wide  limits,  according  to  the 
kind  of  wood  to  be  distilled.  As  already  stated,  with  kilns  and  pits  the 
volatile  matter  is  lost  or  partially  destroyed,  owing  to  the  admission  of 
air  directly  to  the  wood. 

The  simplest  form  of  apparatus  for  saving  the  vapors  formed  by 
distillation  consists  of  an  inclosed  vessel,  called  a  retort,  surrounded  by  a 
suitable  furnace,  to  which  beat  can  be  applied  by  means  of  coal,  wood, 
oil,  gas  or  electricity,  the  vessel  to  be  supplied  with  a  vapor  pipe  connecting 
with  some  form  of  a  condenser.  Some  kind  of  tank  is  also  needed  in  which 
to  collect  the  condensed  products.  Where  there  is  acid,  the  retorts  are 
made  of  iron,  the  comiecting  pipes  and  condenser  tubes  of  copper,  and  the 
receiving  tanks  of  wood  or  copper  lined.  To  distil  with  steam  to  obtain 
turpentine,  a  furnace  would  not  be  required,  but  the  other  apparatus 
would  be  similar. 

The  retorts  used  are  of  two  distinct  types,  those  placed  horizontally 
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Fig,  278.— Steel 


in  the  furnace  and  those  set  vertically.  Of  the  horizontal  type  there 
are  two  classes,  the  rectangular  ovens  and  the  cylindrical  retorts.  Of 
the  vertical  type  there  are  three  classes,  the  fixed  retort,  the  removable 
retort  and  the  fixed  retort  with  removable  cage. 

Most  of  the  retorts  are  made  of  boiler  plate  of  a  thickness  of  J  in.  or 
more.  Formerly  cast-iron  and  clay  retorts  were  used,  but,  although  they 
do  not  bum  out  as  readily  as 
wrought  iron,  they  must  be 
made  thicker  to  have  the  same 
strength,  and  have  the  further 
disadvantage  of  cracking  when 
heated. 

Of  the  horizontal  retorts 
the  ovens  are  the  most  numer- 
ous —  Fig.   278.      They    are 
rectangular  in  shape,  flat  on 
the     bottom     and     slightly 
arched  on  top.    The  bottom 
is  supplied  with  rails.    On  the 
sides  or  back  are  one  or  more  openings  for  the  exit  of  the  vapors  to  be 
condensed.     The  wood  is  loaded  on  steel  cars  holding  about  two  cords 
each   and  rolled  into  the    retort.     The  ovens   are   about  6  ft,  wide 
and    7    ft.    high   and   of   various  lengths  to  hold  two,  three  or   four 
cars  each.      One  or  two  coolers  are  used   with  each  of  these  ovens, 
of  similar  shape  to  the  ovens 
but  of  lighter    material,  into 
which  the   car  of  charcoal   is 
withdrawn  soon  after  the  end 
of  the  distillation. 

Some  of  the  cylindrical 
retorts,  Fig.  279,  are  made  9 
ft.  long  by  50  ins.  in  diameter 
and  will  hold  about  a  cord 
each.  These  retorts  are 
charged  and  emptied  by  hand.  An  iron  box  mounted  on  wheels  is 
used  to  hold  the  hot  charcoal,  and  when  full  it  is  covered  with  a 
sheet^iron  cover  and  the  edges  luted  with  sand  or  clay. 

Of  the  vertical  retorts  no  particular  type  seems  to  have  the  preference. 
The  retorts  are  usually  made  cylindrical  and  hold  from  i  to  5  cords  of 
wood.  A  convenient  size  is  about  2  cords.  The  fixed  retorts  remain  in 
the  brickwork  and  are  attached  to  the  vapor  pipe  of  the  condenser  by 
one  or  two  pipes,  preferably  one  at  the  top  and  one  at  the  bottom.  The 
movaMe  retorts  are  so  arranged  that  they  can  be  pulled  out  of  the  furnace 
when  the  wood  is  charred  and  allowed  to  cool  unopened.  Instead  of  hoist- 
ing the  retort  itself  some  types  use  a  retort  with  removable  cage,  Fig.  280. 


Fic.  279. — Cyiindrical  retort  and  condeaser. 
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Only  the  cage  is  removed,  and  as  the  cage  does  Dot  have  to  stand  the 
direct  heat  of  the  fire,  it  can  be  made  of  lifter  material  than  the  retort 
and  the  removing  of  the  cage  instead  of  the  retort  saves  the  wear  and  tear 
of  the  brickwork.     In  addition  to  this  the  vapor  pipes  are  not  disturbed. 

The  larger  sizes  of  vertical  retorts  require  suitable  hoisting  apparatus 
in  order  to  charge  the  wood,  and  there  is  always  danger  of  a  rope  breaking, 
thus  causing  much  damage.  The  vertical  retorts  are  much  easier  to  charge 
and  are  easier  to  clean  out  than  the  horizontal  ones,  particulariy  while 
hot.    They  have  been  used  for  making  chareoal  o'  high  carbon  content. 

Condensers.  The  condensers  used  are  generally  of  one  type,  although 
other  kinds  might  be  used.  The  most  satisfactory  seems  to  be  the  vertical 
tubular  condenser  which  is  shown  in  Fig.  280.  It  consists  of  a  vapor  pipe, 
leading  to  an  expanding  chamber  at  the  top  of  the  condenser;  the  neces- 
sary condensing  tubes,  and  a  bottom  chamber  for  collecting  the  condensed 
matter  from  the  tubes— these  parts  all 
made  of  copper.  The  whole  is  contained 
in  an  iron  or  wooden  shell  which  holds 
the  condensing  water.  The  top  of  the 
condenser  is  supplied  with  a  cap  or 
removable  top  fastened  by  means  of  a 
yoke  or  bolts  so  that  the  tubes  can  be 
easily  reached  and  cleaned.'  To  the 
lower  chamber  is  connected  an  outlet 
pipe  which  is  usually  supplied  with  a 
"  goose  neck  "  or  U  bend,  to  hold  back 
the  gases,  and  a  top  opening  to  permit 
the  gases  to  escape  to  the  furnace. 
The  bottom  of  the  condenser  is  made 
sloping  so  as  to  drain  out  the  tar. 
A  few  fractionating  elements  have  been 
tried  to  remove  the  tar  from  the  vapors,  so  as  to  make  the  pyro- 
tigneous  acid  free  from  tar,  thus  saving  one  distillation  when  making  gray 
acetate  of  lime. 

Worm  condensers  have  been  used,  and  also  tubes  set  one  above  the 
other,  with  removable  ends,  but  they  are  not  as  satisfactory  as  the  tubular 
condenser. 

Hardwood  Distillation.  Using  hard  wood,  destructive  distillation 
is  practised,  the  products  being  chareoal,  acetates  and  wood  alcohol. 
Most  of  the  lat«ly  erected,  large  sized  plants  use  the  oven  type  of  retort 
while  some  of  the  earlier  constructed  plants  continue  to  use  the  small 
cylindrical  type,  and  one  or  two  the  vertical  type.  Some  lai^e  installa- 
tions are  BBid  to  have  been  made,  udng  an  oven  type  with  chambers  on 
each  side  of  the  oven  for  receiving  and  dischargii^  cars  of  wood  and 
charcoal  respectively.  An  attempt  is  beii^  made  to  introduce  special 
retorts  for  distilling  sawdust. 
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Fig.  280. — Vertical  retort  witK 
removable  o^e. 
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To  carry  out  the  operation  of  destrudive  distiUation  no  definite  rule 
caa  be  followed.  Some  operatois  find  tliat  the  temperature  required  varies 
with  the  different  woods,  and  the  time  of  distillation  varies  with  the 
temperature.  Some  woods  distil  easily  and  others  with  difficulty.  The 
yield  of  condensed  products  varies  greatly  with  the  method  ot  firing. 
The  charcoal  made  at  a  given  temperature  also  varies  in  composition, 
according  to  the  kind  of  wood  used  The  proper  conditions  should  always 
be  determined  by  experiment  when  a  new  variety  of  wood  is  used. 

To  operate  to  the  best  advantage  it  is  best  to  heat  slowly  after  the 
liquid  starts  to  Sow  from  the  mouth  of  the  condenser,  &s  overheating 
causes  a  loss  of  volatile  matter.  After  reaching  a  certain  temperature, 
which  can  be  ascertained  by  the  use  of  suitable  pyrometers,  the  heating 
can  be  increased  quite  rapidly  in  order  to  drive  out  the  heavy  tars. 
The  first  distillate  begins  to  come  over  at  about  320"  F.  and  consists  of 
furfural,  water  and  very  little  acid.  The  wateiy  distillate  is  known  as 
"  pyroligneous  acid."  The  percentage  of  acid  increases  with  the  tem- 
perature until  the  tar  be|pns  to  distil,  then  it  begins  to  drop  off  slightly. 
Meanwhile  uncondensable  gases  are  formed  and  these  are  piped  to  the 
furnace  and  burned.  Durii^  the  early  stages  of  the  distillation  the  color 
of  the  flame  of  the  burning  gases  is  blue,  due  to  the  carbon  monoxide 
present,  while  later  the  color  becomes  yellow,  due  to  the  presence  of  the 
heavier  hydrocarbons.  The  end  of  the  operation  is  indicated  by  the  falling 
off  of  the  quantity  of  the  distillate  at  the  mouth  of  the  condenser,  by  the 
temperature  inside  the  retorts  (about  800°  F.),  Mid  by  the  color  of  the  shell 
of  the  retort.  The  character  of  the  distillate  also  indicates  the  end  of  the 
distillation,  the  tarry  products  being  strongly  in  evidence.  When  ears 
or  cages  are  used  the  charcoal  is  withdrawn  hot,  thus  saving  the  heat  of 
the  brickwork  for  the  next  chai^.  The  conditions  should  be  regulated 
-  so  that  each  retort  can  be  charged  oncfe  Bvery- twenty-four  hours. 

The  Distillation  of  Resinous  Wood.  The  distillation  of  *reunouB 
woods  requires  retorts  varying  in  size  and  shape  with  the  methods  of  oper- 
ation and  the  products  sought.  The  chief  commercial  products  obtained 
by  the  distillation  of  resinous  woods  are  turpentine,  tar  and  charcoal. 
Soft  woods  yield  an  acid  solution  much  weaker  in  acetic  acid  and  alcohol 
than  hard  woods,  thus  the  proportion  of  water  distilled  is  greater.  On 
this  account  the  pyroligneous  acid  from  resinous  woods  is  not  usu^Iy 
saved. 

There  are  several  methods  of  treating  resinous  woods  to  obtain  the 
various  products.  The  apparatus  in  the  various  cases  varies  somewhat. 
The  methods  are  as  follows:  1.  Destructive  distillation,  with  or  without 
steam.  2.  Steam  distillation,  3.  Distillation  of  turpentine  by  means 
of'hot  rosin.  4.  Extraction  by  means  of  hot  water.  5.  Extraction  by 
iBrrtnn  of  volatile  solvents. 

The  destructive  distillation  of  resinous  woods  is  carried  on  in  a  very 
r  mannn-  to  the  treatment  of  hard  wood.     So  far,  both  horizont^ 
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and  vertical  retorts  have  been  used,  varying  in  capacity  from  1  to  5  cords. 
VariouB-shaped  retorts  have  been  used,  and  points  of  advantage  claimed 
for  each  one.  Often  the  ratorte  have  been  fitted  with  pipes  and  valves,  so 
that  the  vapors  can  be  drawn  off  successively  at  different  levels  according 
to  the  relative  gravity  of  the  condensed  products. 

Several  unsuccessful  plants  have  operated  with  retorts  arranged  in 
this  manner,  the  idea  being  to  draw  ofE  the  tarry  vapors  at  the  bottom 
during  the  later  stages  of  the  operation,  the  light  vapors  having  been 
previously  drawn  off  at  the  top.  One  of  the  few  successful  distillation 
plants  has  used  a  modified  arrangement  of  this  system. 

The  greatest  variation  seems  to  be  in  the  method  of  extracting  the 
turpentine.     As  this  substance  is  apt  .to  become  contaminated  with  tarry 

A  A.  Retorte; 

BB.  Condensere; 

CC.  Pipe  for  condensed  products; 

HU.  Receiving  tank,  crude  liquors; 

E.  Oil  tank; 

FF.  Acid  uid  lime  lee  stitls; 

G.  Neutralizing  tank  and  filt«r  press; 

BH.  Steam  pana  tor  acetate; 

J.  Finishing  pan  (or  acetate; 

J3.  Rectirying  still  for  alcohol; 

K.  Crude  oil  and  tar  still; 

L.  Washer  for  crude  oil; 

M.  Column  still  to  refine  turpentine  from  crude  «DOd  oil. 


u 
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Fig.  281.— Plan  of  complete  plant  tor  distillation  of  resinoua  woods. 


products,  giving  it  a  bad  odor  and  color,  considerable  care  I 
produce  it.  To  avoid  this  contamination,  some  use  two  condensers,  one 
for  the  turpentine  and  the  other  for  the  tar  and  pyroligneous  acid.  Others 
collect  the  turpentine  in  one  tank  and  the  other  products  in  another. 
Usu^ly  the  change  from  turpentine  to  the  other  products  is  made  when 
the  temperature  renches  320°  F.,  or  when  the  wood  begins  to  decompose. 
''    The  operation  is  carried  on  at  first  at  a  low  temperature  so  as  not  to 

D,uMZK;l;,V.OOglC 


THE  DESTRUCTIVE  DISTILLATION  OF  WOOD 


641 


char  the  wood.  The  turpentine  and  reain  exist  already  formed  and  are 
not  products  of  the  decomposition  of  the  wood.  By  the  influence  <rf  heat 
the  turpentine  distills,  carrying  with  it  part  of  the  resin.  Sranetimes 
steam  is  added  to  help  carry  over  the  vapors  by  lowering  the  boiling- 
point.  As  the  heat  increases  part  of  the  re»a  decomposes  and  rosin  oil 
distills  over.  When  the  wood  begins  to  char,  the  pyroligneous  acid  begins 
to  form  and  the  distillation  is  carried  on  from  this  stage  exactly  as  in  the 
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case  with  hard-wood  distillation  and  the  products  all  collected  in  one  tank. 
See  Figs.  281  and  282  for  complete  details  of  plant  for  destructive  dis- 
tillation of  wood. 

Flans  of  an  American  hard-wood  distillation  plant  are  shown  in  Fig. 
283.    Furnaces  with  two  ovens  each  are  shown  at  1,  1,  1,  1.    The  wood 
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,  is  brought  to  the  turntables  6,  in  special  cars.  These  cars  are  shoved  into 
the  ovens  and  the  doors  of  the  ovens  closed.  The  vapors  from  the  dis- 
tilling wood  are  condensed  in  tubular  condensers  4,  and  the  condensed 
liquors  collected  in  tanks  5.  The  cars  of  charcoal  are  pulled  whUe  hot 
and  taken  to  a  series  of  coolers,  2,-2.  The  charcoal  stays  in  each  cooler 
twenty-four  hours.  It  is  then  dumped  into  shed  3.  At  7,  8,  is  the  boiler 
house  contuning  boilers,  engines  and  prnnps. 
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Id  the  refinety  buHding  at  10  are  the  collecting  and  settling  vats.  At 
11  are  shown  the  acid  and  tar  stills  with  condecserB.  The  lime  lee  stills 
are  shown  at  12.  The  alochol  tanks  are  shown  at  13  and  the  alcohol  stills 
at  14. 

The  Steam  Process.  To  extract  the  turpentine,  which  is  already 
present  in  the  wood,  it  is  only  necessary  to  employ  such  agents  as 

will  volatiUze  it.  A 
mixtore  of  turpen- 
tine and  water  boils 
at  95"  C,  so  if 
steam  be  passed 
through  chipped 
wood  in  a  suitable 
retort  and  the  tem- 
perature maintain- 
ed above  95"  C,  a 
mixture  of  oU  and 
water  Vapor  will 
distill  and  can  be 
condensed  in  the 
ordinary  manner. 
Tills  is  an  old 
method  of  distilling 
finely  divided  wood 
that  has  been  given 
much  attention  re- 
cently. Much  in-- 
genuity  has  been 
used  to  devise  suit- 
able mechanical  ar- 
rangements for  car- 
rying on  the  proc- 
ess successfully. 
The  requirements 
are  a  wood  chipping 
and  elevating  sys- 
tem that  will  de- 
liver the  wood  to 
the  retorts;  an  easy, 
method  of  discharge  from  the  retorts,  for  the  steamed  wood;  and  the 
proper  conveying  machinery  to  remove  the  discharged  chips  to  a  bin  or 
to  the  boilers.     Considerable  steam  is  needed  for  this  process. 

Usually,  a  vertically  placed  or  slanting  retort  (see  Figs.  284  and 
285)  is  used  with  an  opening  on  top  for  the  entrance  of  the  wood, 
and  with  a  lai^  discharging  device  at  the  bottom.    Various  forms  of 
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rotating  retorta  are  also  used.    The  retorts  are  connected  to  suitable 

condensers. 

The  resdnouB  wood  ia  hogged,  then  elevated  by  means  of  a  conveyor 

to  the  retorta  or  to  a  bm  above  the  retorts.    The  retort  is  filled  nearly 

full  with   wood    and    the 

opening  at  the  top  cloeed. 
Steam  ia  allowed  to  enter 
and  when  the  retort  becomes 
warm  enough  the  steam  and 
oil  vapors  are  led  off  to  the 
condenser. .  A  pressure  of 
from  5  to  20  lbs.  is  generally 
maintained,  so  as  to  force  the 
steam  into  contact  with  all 
parts  of  the  wood.  As  the 
temperature  is  not  high 
enough  to  affect  the  wood 
fiber,  this  process  presents 
one  of  the  b^t  methods  for 
obtaining  a  clear  white  oil 
If  enough  steam  be  used  all  the  turpen- 
The  commercial  importance 


FiQ.  286- — Slanting  retort  for  turpentine. 


from  the  wood  ifi  a  short  time. 

tine  can  be  extracted  in  less  than  one  hour. 

of  the  process  seems  doubtful,  as  the  yield  is  not  sufficient  to  pay  for  the 

increased  cost  necessary  to  obtain  selected  wood.     Where  a  market  can 

be  obtained  for  the  chips  the  process  can  be  operated  to  advantage. 

However,  the  resin  is  lost  and  a  process  is  desirable  where  the  resin  can 

be  extracted  with  the  tui:peritine. 

During  the  digesting  process,  while  making  paper  from  yellow  pine 
by  the  soda  process,  the  turpentine  from  the  blow-off  at  the  top  is  condensed 
and  recovered  very  economically.  The  product  is  not  as  good  as  when 
made  by  the  steam  process  direct,  the  pressure  being  too  high.  With 
the  sulphate  process,  the  turpentine  is  badly  contaminated  and  it  is  only 
recently  that  the  oil  has  been  purified.  The  oil  from  the  sulphite  process 
is  mostely  para  cymene. 

Resin  Process.  To  avoid  the  local  overheating  during  the  early  stages 
of  the  destructive  distillation  process,  which  causes  part  of  the  wood  to 
distil  before  the  temperature  of  the  whole  reaches  320°  F.,  some  have 
attempted  to  distil  the  wood  in  a  bath  of  rosin.  The  process  is  s^d  to 
work  well,  but  it  is  doubtful  if  continued  operation  confirms  first  impres- 
sions. The  distilling  point  of  the  resin  is  too  close  to  that  of  wood,  the 
rosin  itself  is  liable  to  be  decomposed  by  local  overheating,  and  being  solid 
at  ordinary  temperatures,  difiBculty  would  be  experienced  in  pumping 
it  and  removing  it  from  the  wood  at  the  end  of  the  operation.  It  will 
probably  have  no  future. 

Hot  Water  Process.    Although  almost  entirely  experimental,  this 
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process  is  of  interest  as  -it  may  lead  to  a  method  of  extracting  oieo-resina 
from  wood  without  the  use  of  expensive  solvents  and  the  entailed  loss. 
It  conMsts  in  simply  heating  the  wood  in  a  bath  of  hot  water  until  the 
oleo-resins  melt  and  float  on  top  of  the  water;  the  water  and  resin  are 
made  to  flow  over  into  a  tank.  Although  large  yields  have  been  claimed 
for  it,  it  is  quite  evident  that  the  process  would  be  slow  at  the  temperature 
of  boiling  water  at  atmospheric  pressure.  The  process  may  be  capable 
of  development. 

ExtractioD  Processes.  Of  all  the  proposed  methods  for  producing 
valuable  product*  from  reainous  wood,  the  extraction  processes  seem  to 
promise  the  best.utiUzation  of  raw  material.  The  oleo-resins  contuned  in 
resinous  pine  and  fir  wood  seem  to  consist  of  light  oils,  heavy  oils  and  resins. 
The  light  oils  correspond  closely  with  turpentine,  the  heavier  qils  or 
pine  oils  seem  to  be  oxidation  products,  chiefly  terpineol,  and  the  rosin 
mostly  colophony.  The  presence  of  small  quantities  of  other  products 
has  a  marked  effect  upon  the  physical  properties  of  the  chief  ingredients, 
particularly  the  odor.  At  the  present  time  the  oleo-resins  seem  to  be  the 
most  valuable  products  of  the  extremely  resinous  woods,  although  pulp 
and  paper  are  being  made  from  the  less  resinous  wood. 

So  far  the  steam  process  has  been  considered  the  best  method  for  extracts 
ing  the  light  oils  and  part  of  the  pine  oils.  By  the  destructive  process, 
the  remaining  heavy  oils  and  resins  are  converted  into  tar  and  tar  oils, 
but  usually  these  resins  are  of  more  value  in  the  form  of  colophony. 

There  have  been  several  processes  advanced  to  extract  the  rosin, 
varying  from  one  another  in  some  details,  but  all  based  on  the  solvent 
power  of  some  alkali  or  volatile  oil.  The  alkali  process  consists  in  dis- 
solving the  resin  in  soda  solution  and  neutralizing  the  solution  with 
acid  to  regain  the  rosin.  This  was  tried  on  a  semi-commercial  scale  but 
abandoned  in  favor  of  the  volatile  solvent  process.  The  alkali  process 
was  found  to  be  cheaper  so  the  plant  is  expected  to  change  back  to  the 
alkali  process.  When  solutions  of  alkali  are  used  a  substance  cdled 
"  humus  "  is  extracted  with  the  resin.  It  is  only  recently  that  a  method 
has  been  found  of  separating  this  from  the  rosin. 

Tlie  extraction  with  volatile  solvents  has  been  carried  out  on  a  lat^ 
scale  by  one  company  and  on  a  ranaller  scale  by  other  companies.  This 
process  consists  in  grinding  the  wood,  steamii^  out  the  turpentine,  and 
extracting  the  remaining  pine  oil  and  resin  with  a  neutral  volatile  hydro- 
carbon such  as  gasolene.  The  gasolene  solution  is  distUled  in  direct 
steam  heat  to  remove  the  light  oils,  followed  by  live  steam  to  remove 
the  heavy  mineral  oils  and  pine  oils,  a  comparatively  high  temperature 
being  maintained  by  steam  in  a  closed  coil.  All  the  gasolene  is  not 
recovered,  the  loss  being  one  of  the  chief  items  of  expense  attending  the 
operation. 

The  method  of  extracting  with  volatile  sol  cuts  has  been  known  for  a 
long  time,  but  the  low  price  of  rosin  prevented  its  successful  application. 
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For  a  few  years  the  price  of  rosin  was  bo  high  that  the  Bucceasful  develop- 
ment of  the  process  became  a  commercial  fact,  but  a  slump  in  value  of 
the  rosin  and  turpentine  produced  caused  at  one  time  most,  if  not  all, 
the  plants  to  fail.  With  the  increase  in  value  of  these  products  some 
of  these  plants  have  resumed  operations. 

To  Obtain  Refined  Products.  The  condensed  liquor  from  the  de- 
structive distillation  processes  conosts  of  three  layers,  the  upper  layer  of 
tarry  oils,  the  intermediate  layer  of  pjroligneous  acid,  and  the  bottom 
layer  of  tar.  Sometimes  with  resinous  woods  the  line  of  demarcation 
is  not  very  well  defined.  In  such  cases  the  separation  is  difficult,  with- 
out distilling.  A  centrifugal  separator  could  be  used  to  advantage. 
By  heating  the  mixture  a  complete  separation  will  usually  take  place. 

The  crude  product  coming  from  the  wood  in  the  steam  process  con- 
sists of  crude  turpentine  as  an  upper  layer  and  of  water  as  a  lower  layer. 
In  all  the  processes  the  separation  is  effected  as  far  as  possible  by  gravity, 
the  different  products  being  drawn  off  at  the  respective  levels,  or  one 
drawn  off  after  the  other. 

Crude  Acetates.  The  pyroligneous  acid  contains  fatty  acids,  chiefly 
acetic,  varying  from  3  to  4  per  cent,  about  1  to  12  gals,  of  wood  alcohol  to 
the  cord  of  wood  used,  some  acetone,  light  oil,  metacetone  and  other  ketones, 
aldehydes  and  tarry  products.  To  obtain  the  various  products,  different 
means  are  pursued  accordii^  to  the  quahty  of  products  to  be  made. 
These  are  brown  acetate  of  Ume  or  lead,  gray  acetate  of  lime,  acetate  of 
soda,  acetic  acid  and  refined  wood  alcohol. 

To  make  brown  acetate  of  lime,  the  acid  is  simply  neutrahzed  with 
lime  and  the  insoluble  tarry  products  produced  skimmed  off.  The  solu- 
tion of  acetate  is  distilled  in  an  iron  or  copper  still  until  the  wood  alcohol 
is  collected,  then  the  remaining  liquor  is  evaporated  to  dryness  and  par- 
tially charred  to  destroy  tarry  matters. 

To  make  gray  acetate  of  lime,  the  liquor  is  sent  to  an  acid  still,  a 
copper  still  without  special  fractionating  column.  The  alcohol  and  acid 
are  distilled  and  condensed  together,  a  residue  being  left  in  the  still  amount- 
ing to  about  5  per  cent  of  the  pyroligneous  acid.  This  residue  is  called 
"  boiled  tar  "  and  is  removed  at  intervals  as  it  accumulates. 

The  add  condensate  is  neutralized  with  lime  and  allowed  to  settle. 
The  clear  liquor  is  distilled  in  a  "  lime  lee  "  still,  an  iron  still  with  or  without 
a  special  fractionating  column.  In  this  atill  the  alcohol  is  distilled  from 
the  acetate  liquor,  the  distillate  containing  about  8  to  10  per  cent  of  wood 
alcohol.  The  acetate  liquor  is  withdrawn  from  the  still  and  evaporated 
in  an  open  steam  pan  to  a  thick  paste,  which  is  removed  to  the  acetate 
floor  on  top  of  the  ovens,  where  the  heat  of  the  ovens  finishes  the  drying. 
Some  finish  the  drying  in  chambers  heated  by  the  waste  furnace  or  retort 
gases. 

It  is  possihle  to  make  acetate  liquor  direct  from  the  acid  still  by  pH8»- 
ing  the  vapors  through  vessels  containing  hme  and  this  is  sometimes  done. 
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By  keejHi^  the  acetate  liquor  thus  formed,  at  a  suitable  temperature,  the 
alcohol  vai)OF8  will  pass  on  and  can  be  condensed  separately. 

Further  improvements  in  manufacture  are  now  being  introduced, 
particularly  the  use  of  multiple-effect  evaporators  for  the  evaporation  and 
distillation  of  the  acetate  liquor  and  pyroligneous  acid.' 

Acetate  of  soda  is  made  in  a  similar  manner  to  acetate  of  lime.  SodiiuQ 
carbonate  is  added,  in  small  portions  at  a  time  to  avoid  too  much  effer- 
vescing, to  distilled  wood  vinegar  until  the  acid  is  neutralized.  The  tany 
substances  appearing  on  the  surface  are  removed  and  the  brown  fluid, 
after  clarifying  by  standii^,  is  drawn  off  into  shallow  iron  pans  which  are 
heated  by  the  fire  gases  from  the  retorts  or  by  steam.  The  liquid  is  boiled 
down  to  1.23  sp.gr.  then  crystallized  in  sheet-iron  boxes.^  The  crystals 
are  drained  from  the  mother  lye  and  then  centrifuged.  By  calcining  these 
cyrstals,  redissolving  and  recrystalUzing  a  very  pure  salt  is  obtained. 
Sometimes  the  solution  is  filtered  through  bone-black  or  boiled  with  10 
per  cent  of  bone-black  and  after  recrystalUzing  and  centrift^ng  an  entirely 
pure  salt  is  obtained. 

The  simple  method  to  produce  crude  sodium  acetate  is  to  neutralize 
pyroligneous  acid  with  sodium  carbonate,  then  to  evaporate.the  solution 
to  dryness  and  to  bum  off  tany  matters.  By  dissolving  the  melted  talt 
in  water,  filtering  and  crystallizing  as  above,  a  satisfactory  product  is 
obtained.  The  pure  salt  would  be  best  made  by  using  pure  acetic  acid 
solution  with  sodium  carbonate,  evaporating  the  solution  and  crystal- 
lizing, 

Wood  AlcohoL  The  crude  wood  alcohol  is  treated  with  lime  and 
settled,  the  clear  Uquor  being  redistilled  in  column  stills  until  of  about 
82  per  cent  by  volume.  By  again  redistilling,  a  product  of  92  to  95  per  cent 
can  be  easily  obtained.  However,  to  make  alcohol  that  is  miscible  with 
water,  it  is  advisable  to  dilute  the  alcohol  with  water  until  the  specific 
gravity  reaches  0.934  and  allow  the  mixture  to  rest  for  a  few  days,  when 
the  greater  portion  of  the  hydrocarbons  separate  as  an  oily  layer  on  the 
top  and  can  be  drawn  off.  The  alcoholic  fiuid  left  is  redistilled  over  lime 
and  makes  strong  alcohol  that  does  not  become  turbid  upon  the  addition 
of  water.  The  oily  fractions  are  mixed  together  and  redistilled  separately, 
when  a  further  quantity  of  alcohol  is  obtained.  By  treatment  of  the  strong 
alcohol  with  chemicals,  such  as  caustic  soda  and  sulphuric  acid  before 
redistilling  a  great  many  of  these  impurities  can  be  removed.  The  ace- 
tone and  allyl  alcohol  can  be  separated  from  the  wood  alcohol  by  repeated 
fractional  distillation  being  found  in  the  first  and  last  runnings  respec- 
tively. Only  the  portion  miscible  with  water  is  saved,  the  other  portions 
being  worked  over.  The  first  runnings  of  the  distillate  are  more  or  less 
colored,  but  the  middle  fractions  are  colorless  and  yield  good  alcohol. 
After  the  middle  portion  distills  the  alcohol  begins  to  contain  oil  and  it 
'  Forest  Service  Circular,  "  Distillation  of  Hardwood,"  R.  C,  Palmer. 
'  Brannt,  "  MciiiufactuTe  of  Vinegar." 
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becomes  non-miscible.  Subsequently,  the  distillate  becomes  turbid  and 
finally  a  mixture  of  oil  and  water  comes  over,  which  separates  into  two 
layers.  To  remove  all  traces  of  acetone  the  following  methods  can  be 
used.  One  Ib  to  form  a  compound  of  wood  alcohol  and  calcium  chloride, 
which  is  Btable  at  100°  C.^  By  gently  heating,  the  acetone  is  driven  off, 
and  then  by  adding  water  and  raising  the  temperature  to  100°  C.  the 
calcium  chloride  compound  decomposes  and  the  methyl  alcohol  distills. 
Another  method  is  to  add  caustic  potash  and  iodine  until  the  yellow  color 
disappears,  then  to  distill.^  The  watery  alcohol  is  repeatedly  rectified 
over  lime,  and  finally  over  metallic  sodium  or  phosphoric  anhydride  to 
remove  the  last  traces  of  water. 

The  Crude  Tarr  The  tar  from  hard  woods  is  usually  burned  for 
fuel,  but  that  which  is  to  be  utilized  is  washed  with  water  or  dilute  milk 
of  lime,  in  order  to  wash  out  the  acid.  It  is  then  ready  for  further  treat- 
ment. The  tar  from  resinous  woods  is  distilled  with  live  steam  in  a 
copper  tar  still  until  the  oils  are  removed.  If  these  oils  contain  turpen- 
tine as  they  would  when  the  distillate  is  collected  together,  they  are 
specially  refined.     When  thick  enough  the  tar  is  ready  for  barreling. 

Tar  Oils.  There  is  a  small  but  increasing  demand  for  tar  oils  aa 
insecticides  and  disinfectants.  To  obtain  tar  oil  from  the  tar  it  is  distilled 
in  a  wrought  or  cast-iron  vessel  sometimes  provided  with  a  stirrer.  The 
general  shape  of  the  still  may  be  simitar  to  a  turpentine  still.  Fig.  291, 
or  the  still  may  be  a  horizontal  cylinder  set  in  brick  work.  The  still 
is  heated  slowly  and  the  distillate  collected  until  the  specific  gravity 
of  the  tar  oil  reaches  about  0.98  when  the  receiver  is  changed  Some  of 
the  oils  present  in  the  tar  distill  unchanged  while  the  heavier  products 
are  broken  up  to  a  greater  or  lesser  degree,  forming  coke  and  gas.  Follow- 
ii^  the  light  oils,  a  heavy  oil  comes  over,  having  a  specific  gravity  of 
upwards  of  1.01  and  of  a  yellowish  green  color.  The  distillation  is  some- 
times carried  on  until  nothing  but  coke  is  left  in  the  still  but  it  is  usually 
Letter  to  stop  with  the  production  of  pitch  which  can  be  drawn  out  hot  from 
the  still.  This  is  run  out  on  iron  plates  to  cool,  care  being  taken  to  prevent 
^nition.  The  condensate  is  sometimes  divided  according  to  the  temper- 
ature of  distillation,  the  light  oils  beii^  collected  up  to  240°  C.  and  the 
'  heavy  oils  between  240  and  290°  C.^  The  heavy  oil  contains  most  of  the 
creosote,  which  is  extracted  from  the  heavy  oil  by  means  of  caustic  lye 
of  about  1.2  8p.gr.  The  hydrocarbons  are  boiled  out  and  the  creosote 
separated  by  neutndizing  with  sulphuric  acid.  The  treatment  is  repeated 
and  the  final  creosote  distilled,  the  product  coming  over  between  200  and 
220"  C.  being  called  commercial  wood  creosote.  To  further  purify  it, 
it  is  oxidized  with  a  mixture  of  dichromate  of  potassium  and  sulphuric 
add  and  agiun  distilled. 

'  Thorpe,  "  OuUineH  of  Industrial  Chemistry." 
>  Bramit,  "  Manufacture  of  Vinegar." 
•Thorpe,  "  Diet,  of  Applied  Chemistry.'' 
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The  crude  oil  in  the  distillate  frcHn  the  steam  treatment  of  pine 
tar  13  often  saved.  It  varies  in  color  from  light  yellow  to  brown, 
exposure  to  the  fur  causing  the  color  to  become  much  darker.  A  number 
of  substances  are  present,  indudii^  the  oils  coming  from  the  distillation  of 
the  turpentine  and  from  the  destructive  distillation  of  the  resin  in  the 
wood.  Tlie  crude  oil  also  contains  considerable  quantities  of  creosote  and 
tar  products.  To  remove  these,  the  oil  is 
redistilled  in  a  still  of  similar  shape  and 
construction  as  the  tar  still — only  smaller. 
Fig.  286.  The  oil  comes  over  with  only  a 
slight  coloration.  To  prevent  this  color,  the 
crude  oil  is  sometimes  treated  with  chemi- 
cals such  as  caustic  soda,  lime,  perman- 
ganate, sulphuric  acid  and  the  like  before 
being  distiUed.  These  substances  usually  p^^  286. -Turpentine  »>d  t« 
fail  to  remove  either  odor  or  color  to  any  gtill. 

great   extent.       When  the    percentage   of 

turpentine  in  the  wood  oil  is  lar^,  the  crude  oil  is  washed  with  water  or 
alkaU  in  an  agitator  and  often  distilled  in.  a  column  still  similar  to  the  still 
used  in  refining  wood  alcohol. 

Turpentine.  The  crude  wood  turpentine  caught  separately  when 
wood  is  distiUed  by  any  method,  is  usually  refined  in  order  to  make  a 
marketable  article.  When  the  oil  is  very  impure  a  still  with  a  short 
column  is  desirable.  When  the  oil  is  relatively  pure  and  almost  colorless 
like  that  obtained  in  the  steam  distillation,  a  simple  distillation  is  all  that 
is  needed.  Fig.  286.  The  oil  should  be  tested  as  it  comes  from  the  still 
and  when  the  specific  gravity  reaches  0.876  the  receiver  should  be  changed 
or  the  distillation  ended.  The  distillate  is  often  divided  into  three  por- 
tions, the  first  fraction  consisting  of  the  light  oils,  corresponding  to  tur- 
pentine, the  second  fraction  being  a  mixture  of .  turpentine  and  light 
pine  oils  and  the  third  fraction  being  very  heavy  pine  oils.  The  middle 
fraction  is  redistilled  and  yields  an  additional  amount  of  turpentine. 
A  heavy  oil  called  pine  oil  remains  behind,  which  can  be  distilled  at  a  higher 
temperature.  This  oil  should  not  be  mixed  with  the  turpentine,  as  the 
mixture  does  not  dry  readily. 

Sometimes  the  turpentine  is  treated  like  crude  oil,  with  caustic  soda, 
sulphuric  acid  and  permanganate,  but  such  treatment  is  not  desirable 
if  it  can  be  avoided.  The  crude  oil  is  sometimes  washed  in  a  vessel  fitted 
with  stirrers. 

Pine  Oils.  The  heavy  oils  accompanying  wood  turpentine  are  called 
pine  oils.  They  are  divided  into  two  grades,  water  white  and  yellow. 
The  darker  grades  are  heavier  and  arc  of  the  most  value.  They  are  used 
in  medicine  and  as  solvents.     Terpineol  is  one  of  the  chief  ingredients. 

Acetic  Acid.  This  acid  is  not  usually  prepared  directly  from  wood 
vinegar,  although  it  could  be  with  considerable  trouble  and  expense.    It 
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is  usually  prepared  by  the  decompositioD  of  some  acetate  by  means  of  a 
mineral  acid. 

Although  fonneily  hydrochloric  acid  was  extensively  used  for  this 
purpose,  owing  to  the  disadvantages  of  using  sulphuric,  at  present  sul- 
phuric acid  is  used.  Sulphuric  acid  with  acetate  of  lime  leaves  a  residue 
of  gypsum  which  is  a  poor  conductor  of  heat  and  very  insoluble  In  water. 
The  gypsum  also  retains  considerable  acetic  acid  at  moderate  heats. 
To  gain  all  the  acid  it  was  necessary  to  use  a  high  temperature  in  a  fire- 
heated  still.  This  caused  decomposition  of  the  sulphm-ic  acid  and 
distilled  part  of  the  tarry  substances. 

To  overcome  these  difficulties  the  gray  acetate  of  lime  is  placed  in  a 
shallow  cast-iron  stjll  heated  by  means  of  h^h-pressure  steam.  The 
still  is  supplied  with  scrapers  and  stirrers.  A  vacuum  is  maintained 
toward  the  end  of  the  operation  and  thus  the  acetic  acid  is  removed  at  a 
lower  temperature.  If  properly  worked  such  a  still  will  make  a  yellow 
acid  showing  as  much  as  80  per  cent  total  acid. 

The  acid  is  not  pure.  Further  distillation  in  a  simple  still  improves  it. 
For  the  manufacture  of  stronger  and  better  acid,  the  distillation  is  carried 
on  in  column  stills.  The  firsi  runnings  will  be  weakly  acid,  containing 
acetic,  propionic  and  butyric  acids.  A  middle  fraction  wOl  yield  99  per 
cent  acetic  acid  with  a  melting-point  of  14  to  16°  C 

To  pass  the  pharmaceutical  test  it  is  necessary  to  add  potassium  per- 
manganate to  the  glacial  acetic  acid  and  again  distill.  The  perman- 
ganate oxidizes  empyreumatic  substancea  and  also  any  sulphurous  acid 
that  may  be  present. 

Usually,  it  is  best  to  start  with  acetate  of  lime  or  soda  and  to  distill 
with  concentrated  hydrochloric  acid  in  a  copper  still,  care  being  taken  to 
have  an  excess  of  the  salt  in  the  still.  When  brown  acetate  of  lime  is 
used,  it  is  previously  roasted  at  a  low  temperature.  The  acid  formed  is 
colored  and  contains  about  50  per  cent  of  anhydrous  acid.  With  dilute 
hydrochloric  acid  in  the  still,  the  acetic  acid  is  purer,  but  contains  only  30 
per  cent  anhydrous  acid.  Often  the  acid  is  distUled  in  Marx  vessels  and 
filtered  in  towers  through  freshly  burned  charcoal.  To  obtain  stronger 
acid,  the  weak ,  liquor  is  redistilled  in  column  stills  and  the  stronger 
parte  of  the  distillate  caught  separately.  Any  HCl  that  may  be  found 
in  the  distillate  can  be  removed  by  rectifying  over  acetate  of  lime  or  soda. 
Sulphuric  acid  could  be  used  to  effect  the  distillation,  but  the  operation  is 
not  so  smooth  and  the  distillate  is  apt  to  contain  sulphur  dioxide.' 

Glacial  acetic  acid  can  be  prepared  by  distilling  12  parts  by  weight 
of  pure  anhydrous  sodium  acetate  with  11  parts  of  concentrated  sulphuric 
acid  in  cast-iron  stills  provided  with  stirrers  and  scrapers  and  preferably 
under  a  vacutmi.  The  strong  acid  is  distilled  in  column  stills.  The  first 
portion  of  the  distillate  is  rectified  over  sulphuric  acid  and  pyroiusite  to 
remove  traces  of  sulphurous  acid.  The  last  portion,  which  is  frequently 
empyreumatic,  is  collected  by  itself.    The  water  in  the  50  per  cent  acid 
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can  be  ronovMl  by  distilling  with  anhydrous  calcium  chloride  and  cool- 
ing the  distillate,  whereby  one  portion  crystallizes.  The  liquid  portion 
is  drawn  off  and  again  distilled  over  calcium  chloride.  By,  distiUing 
strong  acid  over  fused  and  coarsely  powdered  potassium  acetate  and 
changing  the  receiver  at  120°  C.  the  glacial  acetic  acid  will  pass  over 
in  the  last  portion.  This  is  again  rectified  over  potassium  acetate  and  the 
distillate  cooled  to  about  16°  C.  to  crystallize  the  acid.  Stoneware  vessels 
are  needed  to  carry  on  the  distillation,  as  the  acid  strongly  attacks  metab. 
Sometimes  copper  stills  are  used  with  silver  necks  and  worms.  An  attempt 
is  also  beit^  made  to  use  aluminum. 

Acetone.  On  a  commercial  scale,  acetone  is  made  by  the  dry  distil- 
lation of  gray  acetate  of  lime  at  290  to  400°  C.  in  retorts  which  are  con- 
nected with  a  cooling  apparatus.  These  retorts  may  be  fitted  with 
Selves  or  may  be  of  cast  iron  and  provided  with  scrapers  and  sUrrers. 
When  brown  acetate  is  used  it  is  previously  roasted  at  230°  C.  The  first 
runnings  are  weak  in  acetone  but  the  percentage  increases  with  the  tem- 
perature. The  distillate  separates  into  two  layers,  the  "  heavy  acetone 
oils  "  on  top  and  the  lighter  oils  dissolved  in  water  on  the  bottom.  The 
yield  is  about  20  per  cent  of  the  calcium  acetate.  The  crude  acetone  is 
treated  with  a  small  quantity  of  caustic  alkali  or  sulphuric  acid  or  both 
and  distilled  in  column  stills  in  a  similar  manner  to  wood  alcohol,  a  neariy 
pure  product  being  obtained. 

The  nearly  pure  acetone  can  be  purified  by  treatment  with  sodium 
bisulphite  and  crystallizing  the  compound  formed. 

Chemical  Iheoiy  and  Reactions  Involved  in  the  Distillation  of  Wood. 
Wood  consists  essentially  of  ligno-cellulose,  with  resins,  sap  and  coloring 
matter.  Green  wood  contains  varying  amounts  of  water  up  to  about  50 
per  cent  by  weight.  Air  dried  wood  contains  about  20  per  cent  of  moisture 
which  can  be  eliminated  by  heat,  but  Is  reabsorbed  by  exposure  to  the  air. 
Various  chemicals  affect  cellulose,  but  it  is  usually  a  very  resistive  sub- 
stance. When  burned,  wood  leaves  an  ash  varying  in  amoimt  with  the 
kind  of  wood.  Resinous  woods  contain  in  addition  to  the  woody  fiber, 
a  large  amount  of  resins  and  oils  which  can  be  extracted  by  solvents, 
leaving  the  fiber  intact.  The  oil  ia  chiefly  pinene  the  principal  ingredient 
of  turpentine,  and  the  resin  is  chiefly  colophony. 

Cellidose  being  a  complex  oi^anic  substance  the  chief  influence  of  heat 
is  naturally  to  decompose  it  into  simpler  compounds.  From  its  composi- 
tion, it  would  be  expected  that  by  driving  off  the  water,  44.45  parts  by 
weight  of  charcoal  would  be  obtained.  It  breaks  down,  however,  into 
more  complex  substances  than  water  and  carbon.  A  relatively  high  tem- 
perature is  needed  to  start  the  decomposition  and  the  temperature  must 
be  continually  increased  during  most  of  the  distillation'  in  order  to 
continue  the  decomposition. 

Cellulose  may  be  considered  a  hexahydric  alcohol  Ci3Hi404(OH)6. 
From  the  yield  of  charcoal  the  final  products  of  distillation  might  he  written 
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C12H20O10  =  SC+CiHjoOio 
100=29.6+70.4. 

The  C4HZ0O10  may  be  considered  to  have  arranged  itself  in  varioue  ways 
in  order  to  form  the  tar,  acetic  acid,  methyl  alcohol  aad  gas.  For  examples 
of  the  possible  changes  the  foUowi:^  are  given.' 

1.  C*H2oOio     =     2C2H402     +     6H3O. 

2.  C2H4O2     =     CH4O     -f-     CO. 

3.  CaHiOa     =     CH*     +    CO2. 

Acelio  add  nunh  gn       OKrboD  dtoiida 

4.  bCsHiOs  -     CsHsO     +    CO2    +    HaO. 

■ceCis  add  uetoos  earbaii  dioiida         waejf 

5.  2(C3HeO)     -     CsHioO    +    HsO. 


6.  CjH»Oj    +    CO     -     CiH,0    +    COi. 

•calic  tad  ■Idehyde 

7.  2CH4     =     C2H2     +     He. 

nutkuie  uetrlsna 

8.  lOCH.     -     CioHs    +    Ha2. 

D>phtha1ene 

The  products  of  distillatioa  seem  to  be  water,  fatty  acids,  hydro- 
carbons, phenols,  guaiacol,  alcohols,  aldehydes  and  ketones.  The  methyl 
group  seems  to  predominate.  The  method  of  decomposition  is  difficult  to 
determine  and  at  present  the  yields  of  the  various  substances  are  the  only 
guide.  These  vary  much  when  the  wood  is  heated  rapidly  and  the 
influence  of  local  heating  is  a  disturbing  factor.  An  increase  of  tem- 
perature inside  of  the  retort  over  that  in  the  furnace  indicates  that 
at  one  stage  of  the  distillation  at  least,  heat  is  evolved  by  the  decomposition 
of  the  material  inside  of  the  retort.  The  analysis  of  the  wood  partly 
charred  leads  to  the  conclusion  that  while  some  of  the  acetic  acid  is  coming 
off  the  decomposition  takes  place  according  to  the  following  equation: 


The  gas  formed  at  the  same  time  comes  from  the  acetic  acid  as  in  2,  3,  4, 
6  and  7,  and  the  excess  water  from  the  moisture  still  present  in  the  wood. 

Ligno-cellulose  seems  to  be  homc^neous  ccnnpound.  The  lignone 
has  been  given  the  formula  CibHsOzs.  It  acts  hke  a  ketone  with  a  hexene 
constitution,  being  apparently  an  unsaturated  compound.  Ligno-cellulose 
seems  to  contain  the  meth-oxy  group  (O-CHs)  and  a  residue  which  is 
easily  hydrolysed  by  both  acids  and  alkaUes  to  acetic  acid.  This  acid 
funounts  to  5  to  7  per  cent  of  the  ligno-cellulose.' 

'  Brannt,  "  MaoufactuTe  of  Vinegar." 
'  "Cellulose,"  C.  F.  Cresa. 
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Much  progreaa  is  being  made  toward  the  solution  of  the  problem  of 
detennining  the  composition  of  wood.  A  method  of  analysis  ia  being  pre- 
pared by  the  Forest  Service. 

When  wood  and  most  other  cellulose  nmteiials  are  decomposed  by  heat, 
is  seems  imi>ossible  even  by  the  use  of  great  heat  to  drive  off  entirely 
the  hydrogen  and  oxygen  to  produce  pure  carbon. 

The  refined  products  are  made  in  accordance  with  better  known 
theories.     The  acetates  are  made  according  to  the  well-known  formula. 

ROH     +     CH3COOH     =     CH3COOR     +     HaO.  • 

The  wood  alcohol  is  refined  when  distilled,  according  to  the'theory 
pertaining  to  miscible  liquids,  which  in  the  case  of  alcohol  and  water 
would  be  that  the  boiling  point  is  higher  than  the  temperature  at  which 
the  sum  of  the  maximum  or  saturation  tensions  of  the  two  separate  vapors 
ia  equal  to  the  external  pressure  and  that  at  any  given  stf^  of  the  dis- 
tillation, the  alcohol  is  more  abundant  in  the  vapor  than  in  the  mixed 
liquids  in  the  still.  Thus  the  percentage  of  alcohol  increases  with  repeated 
distillations. 

The  turpentine  distils  with  steam  according  to  the  law  of  immiscible 
Uquids,  which  states  that  distillation  will  take  place  at  the  temperature 
at  which  the  sum  of  their  vapor  pressures  is  greater  than  that  of  air.  The 
quantity  of  each  liquid  found  in  the  distillate  is  proportional  to  the  vapor 
density.  With  crude  liquors,  the  temperature  and  proportions  would  be 
different  because  the  impurities  may  or  may  not  be  immisdble  with  water 
and  the  system  would  be  altered. 

The  distillat'on  of  the  other  products  such  as  wood  oil  from  tar  is 
similar  to  that  of  turpentine,  but  the  system  is  comprised  of  three  sub- 
stances, tar  and  oil  miscible  with  each  other  in  nearly  all  proportions  and 
water,  which  is  not  miscible  with  either  the  tar  or  the  oil. 

Acetone  is  formed  by  the  destructive  distillation  of  acetate  of  lime 
(or  other  acetate)  according  to  the  formula. 

(CH3-CO-0)2-Ca(CH3-CO-0)2Ca=2(CH3-CO-CH3)-|-2(CaO-C03). 

The  destructive  distillation  of  the  tar  presents  more  difficulties  from 
a  theoretical  standpoint  than  that  of  wood.  The  substances  constituting 
it  are  more  varied  and  the  reactions  would  be  more  complex.  It  might 
be  posdble  that  by  distillii^  with  steam  and  under  a  vacuum,  these 
tar  bodies  might  be  distilled  and  separated  without  decompositicHi. 
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CHAPTER  XXIV 
OILS,  FATS  AND  WAXES 

CARLETON  ELLIS 
Coruuitinf  Chemut,  MorUclair,  N.  J. 

Classiflcatioii  of  Fats.  The  term  oU  is  used  for  substaxtces  difiFerii^ 
widely  both  in  compositJon  and  properties  aud  in  this  chapter  the  fatly 
oils  only  will  be  con^dered.  Fats  and  fatty  oils  consist  essentially  of 
compounds  of  the  higher  fatty  adds  in  combination  with  glycerol  and 
are  termed  glycerides.  Their  compodtioa  was  first  placed  on  a  scientific 
basis  by  Chevreul,  who  in  the  early  part  of  the  last  century  showed  that 
when  a  fat,  such  or  tallow  or  lard,  was  converted  into  soap  by  the  action 
of  sodium  or  potassium  hydroxide,  the  fat  was  decomposed  into  glycerine 
and  fatty  acids,  the  latter  combining  with  the  alkali  to  form  the  soap, 
while  the  glycerine,  remmning  free,  waa  separated  in  the  lyes.  The 
three  most  commonly  occurring  glycerides  are  stearin  and  palmitin 
(of  which  tallow  chiefly  consists)  and  ol^  (the  principal  -constituent  of 
olive  oil).  The  conclusions  of  Chevreul  as  to  the  composition  of  fats  were 
subsequently  confirmed  by  Berthelot,  who  succeeded  in  producing  the 
glycerides  synthetically  by  heating  the  fatty  acids  with  glycerine  under 
pressure  in  sealed  tubes.  Heating  together,  for  example,  stearic  acid 
and  glycerine,  he  obt^ned  stearin,  according  to  the  equation: 

3Ci8H3502H+C3Hfi(OH)3  =  C3H6(Ci8H8jO!)3  +  3HzO. 

From  their  physical  appearance  it  is  not  possible  to  ^ve  a  definite 
classification,  for  what  would  be  considered  a  solid  fat  in  a  temperate 
climate  might  be  a  liquid  in  a  warmer  locality.  Roughly,  however,  we 
may  class  certain  ones  as  liquid  fats  or  oils,  and  others  as  solid  fats,  or 
fats. 

"  Hie  most  convenient  classification  of  fats  (fatty  oiU  and  solid  fats) 
for  practical  purposes,  appears  to  be  given  by  arranging  them  according 
to  the  mapiitude  of  the  iodine  value.  This  principle  leads,  without  unduly 
forcing  it,  to  a  natural  subdivision  into  liquid  fats  and  solid  fats,  the  former 
being  differentiated  from  the  latter  by  the  considerably  higher  iodine  value. 
Hence,  an  arrangement  based  on  the  magnitude  of  the  iodine  value  would 
include  the  older  system  of  classification  according  to  consistency.    Inas- 
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much  as  the  magnitude  of  the  iodine  value  stands  in  close  relationship 
to  the  absorption  of  oxygen,  or,  in  other  words,  to  the  drying  power, 
classification  on  the  iodine  value  would  also  include  the  older  subdivision 
into  drying  and  non-drying  oils."  (Lewkowitsch.) 

Arranged  in  this  manner  are  the  following  subdivisions: 

I.  lA^id  Fats  and  Fatly  Oils. 

A.  Vegetable  oils  B.  Animal  oils 

1.  Drying  oils  1.  Marine  animal  oils 

2.  Semi-drying  oile  (a)  Fish  oib 

3.  Non-drying  oils  (6)  Liver  oils 

(c)  Blubber  oils 
2.  Terrestri^  animal  oib 

n.  Sdid  Pais. 

A.  Vegetable  Cats  B.  Animal  fats 

1.  Drying  fats 

2.  Non-drying  fats 

ClasstflcRtum  of  Wures.  Our  comprehension  of  the  generic  term 
"  wax  "  is  based  in  considerable  measure  on  the  phymcal  characteristics  of 
the  oldest  known  wax ;  namely,  common  beeswax.  It  has  been  su^ested 
that  the  term  wax  is  defined  as  applied  to  more  or  less  unctuous,  fusible, 
variably  viscous  to  solid  substances,  having  a  characteristic  "  waxy  "lustre, 
which  are  insoluble  in  water  but  usually  soluble  in  carbon  di-sulphide, 
benzol,  etc.,  and  which  are  extremely  suspectible  to  changes  in  temperature 
and  whose  origin,  composition  and  color  are  variable. 

Thus  under  this  definition  are  included  the  class  of  waxy  bodies  which 
consist  of  mono  or  dihydric  alcohols  united  with  the  higher  fa^ty  acids 
to  form  esters  (beeswax,  camauba  wax,  etc.),  as  well  as  glycerides  of  a 
"  waxy  "  appearance,  such  for  example  as  Japan  wax;  and  the  hydro 
carbon  waxes  paraffin,  ceresin,  ozocerite  and  the  like. 

Waxes  may  be  grouped  as  follows: 

A.  Liquid  waxes  B.  Solid  waxes 

1.  Vq^table  waxes 

2.  Animal  waxes 

Constitution  of  the  Fats.  The  fats  as  stated  are  combinations  of 
glycerol  with  fatty  acids.  Glycerol  being  a  tri-hydric  alcohol  will  com- 
bine with  one,  two,  or  three  acid  radicals,  thus  forming  mono-glycerides, 
di-glycerides,  and  tri-glycerides.  The  last  class,  however,  is  the  most 
important,  as  it  is  this  condition  which  is  supposed  to  exist  in  the  neutral 
fats.  TTie  following  graphic  formulas  will  more  clearly  emphasize  the 
three  possible  combinations: 
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H 

In.    C17H35COO-C-H 

HO-C— H 

HO-C— H 

I 

H 

H 

C1TH35COO— C— H 

C17H35COO— C— H 

I 

HO-C— H 

I 

H 

H 

I 
C17H35COO— C— H 

I 
C17H3SCOO— C— H 

C17H36COO— C— H 
I 
fl- 


it will  be  seeD  that  not  only  is  it  pos^ble  to  have  compouads  in  which 
one  acid  enters  into  the  combination,  but  also  others,  known  as  mixed 
glycerides,  in  which  two  or  even  three  different  acid  radicals  may  be  joined 
to  one  glycerol  group.  This  is  thought  by  some  to  account  for  the  fact 
that  practically  all  of  the  common  oils  are  mixtures,  rather  than  simple 
esters.  Our  present  knowledge,  however,  does  not  warrant  any  definite 
conclusion  in  this  matter. 

The  fatty  acids  occurring  in  the  more  common  oils,  together  with  a 
few  of  their  constants,  will  be  found  in  the  table  on  the  following  page. 

The  fatty  acids  are  all  lighter  in  weight  than  water,  "niose  having 
less  than  ten  carbon  atoms  may  be  distilled,  and  are  known  as  the  volatile 
fatty  acids.  Those  containing  more  than  ten  carbons  cannot  lie  distilled 
without  decomposition  and  are  known  as  non-volatile  fatty  acids.  The 
oils  containing  the  saturated  acids  do  not  undergo  any  marked  change  when 
exposed  to  the  Mr.  On  the  other  hand  those  which  contain  the  unsaturated 
acids  become  gummy,  and  in  certain  instances  when  exposed  in  thin 
layers  form  dry,  hard  films.  This  change  is  called  drying,  and  is  most 
marked  in  the  case  of  those  oils  contaming  glycerides  of  linoleic,  linolenic, 
clupanodwic  and  ricinoleic  acids. 
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Butyric. . . 
Isovaleric . , 
Caproic. . . 
Caprylic. . , 
Capric. . .. 

Myriatic. . , 
Pfdmitic  . . 

Stetiric 

Cerotic 

Tiglic 

Oleic 

Enidc 


Sattthatbd  Acids,  C, 

CiH»COOH 

C,H,COOH 
COIiiCOOH 
CHiiCOOH 
C,Hi,COOH 
CHuCOOH 
CuH„COOH 
C„H„COOH 
CiHbCOOH 
CH«COOH 

Unbatdrated  Acidb,  CnHjn-iCOOH 
1      C,H,COOH      I  I  0.9641  I     84.5 

CHbCOOH                  0.898  14 

j      CnHtiCOOH     |.....| I      34 

Other  Unbatubated  Acids 


30 

20 

0,531 

-51 

20 

0.924 

-8 

•21) 

0.910 

18.  B 

4(1 

31-4 

a> 

0.883 

43.6 

m 

0.8584 

53.8 

fiO 

0.8527 

62.6 

RO 

0.8386 

69,3   - 

7« 

0.8359 

78 

R«f .  lodox  C 


1-4183  " 
1.4282  " 
1-4285  " 
1-4286  " 
1.4307  " 
1,4269  " 
1.4300  " 


Unoleic  

CHbCOOH 

CHbCOOH 

C„H,/>HCOOH 

Cx,HnCOOH 

14    0.9206 

0.9228 

15.5    0.9509 

rjiwJoniK 

4 

Liquid  Fats 

Vegetable  OQs,  The  usual  method  of  obtaining  the  oils  is  by  crush- 
ing that  part  of  the  plant  richest  in  oil,  and  subsequently  pressing  the 
ground  pulp  thus  obtained.  Extraction  with  benzine  or  other  solvent 
is  also  employed.  The  crushing  may  be  secured  by  means  of  the  edge- 
numer,  or  by  means  of  heavy  steel  rollers  arranged  in  vertical  series. 
The  crushed  material  is  then  placed  in  canvas  bags,  and  subjected  to 
hydraulic  pressure.  The  first  pressmg  is  usually  done  in  the  cold,  as  a 
lighter  color  and  better  quality  b  thus  obtained.  During  the  second 
pressing  the  pulp  is  heated,  thereby  producing  a  larger  yield  but  of  an  infe- 
rior quality.  By  further  heating  a  final  oil  is  obtained  known  ccomnercially 
as  "  foots."  The  extraction  process  consists  in  treating  the  ground  pulp 
contained  in  closed  vessels,  with  benzine,  naphtha  or  other  solvents. 
The  extract  is  subjected  to  distillation  in  order  to  recover  the  solvents, 
leaving  the  fats  in  the  still.  Although  this  method  gives  a  lai^r  yield 
than  is  possible  by  pressing,  it  is  not  generally  employed  on  account  of 
the  risk  from  fire,  the  cost  of  installation,  and  impossibility  of  directly 
using  the  press  cake  as  a  cattle  food. 

Vegetable  Drying  Oils.  Drying  oils  are  characterized  by  their  power 
to  absorb  oxygen  from  the  air,  thus  forming  an  elastic  film.  The  amount 
of  this  absorption  in  the  main  is  in  proportion  to  the  iodine  value;  so 
that  we  may  roughly  judge  of  the  drying  qui^ity  of  an  oil  fr(»n  its  iodine 
number. 
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TABLE  OF  CONSTANTS  FOR  DRYrao  OIIS 


Name  (d  Oil. 

OilCon- 

v:iz 

V^" 

Refrutire  Indai. 

Perilla 

35.8 
38-40 
4(M1 
30-35 
41-50 
21-22 
38-40 

0.9306 

0.9315-45 

0.9360-432 

0.9255-80 

0.9240-70 

0.9240-58 

0.9232 

20°  C 
15°  C 
16°  C 
15°  C 
15°  C 
15°  C 
15°  C 

189.6 

192-195 

193. 

192.5 
195. 
193.5 
170. 

206.1 

171-201 

150-165 

148 

133-143 

119-136 

118.6 

Linseed 

1.4835 
1..5030 
l.*780 
1.4586 
1.4611 

22°  0 
19°  C 
15.5°C 

Hemi) 

Sunflower 

Tobacco  seed .  .  , , 

60"  C 

PeriUa  OH.  This  oil  occurs  to  the  extent  of  35.8  per  cent  in  the  nuta 
of  the  PeriJlx  oeymordea,  a  plant  indigenous  to  East  India,  Manchuria, 
and  Japan.  It  has  the  highest  iodine  value  of  any  known  oil,  and  in  odor 
and  taste  resembles  linseed  oil.  Its  drying  quality,  however,  is  inferior 
to  linseed  oil,  due  to  its  peculiar  property  of  forming  drops  when  spread 
on  a  hard  surface. 

Linseed  OH.  This  oil  has  been  discussed  more  at  length  in  the  second 
section  of  this  chapter.  It  is  obtained  from  the  seeds  of  the  flax  plant,  grown 
extensively  m  Russia,  India,  Argentina,  Canada  and  the  United  States. 
On  cold  pressing,  a  light  yellow  oil  is  obtained,  used  to  a  limited  extent 
as  an  edible  oil.  By  far  the  greatest  quantity,  however,  is  used  in  the 
manufacture  of  paint  and  varnish.  The  chemical  composition  of  linseed 
oil  is  not  well  known,  although  indications  point  to  about  10  per  cent  of 
glyceridea  of  solid  fatty  acids,  equal  parts  palmitic  and  myristic  acids. 
The  liquid  glyceridea  consist  of  approximately  5  per  cent  of  oleic  acid,  15 
per  cent  of  linoleic  acid,  15  per  cent  of  Unolenic  acid,  and  65  per  cent  of 
isolinolenic  acid.  When  the  price  permits,  linseed  oil  is  converted  by 
hydrogenation  into  a  solid  fat,  which  serves  as  a  substitute  for  tallow  in 
soap  making.  It  ia  less  readily  hydrogenated  than  some  other  fatty 
oils. 

Tung  Oil.  This  oil  is  often  spoken  of  as  "Chinese  Wood  Oil."  It 
is  obtained  frcnn  the  seeds  of  Aleurites  cordtUa,  a  tree  indigenous  to  China 
and  Japan.  'The  oil  varies  to  some  extent  according  to  its  source.  The 
seeds  are  usually  roasted,  broken  into  a  powder  and  pressed.  The  cold 
pressed  oil  is  pale  yellow,  and  is  known  in  the  trade  as  "  white  tung  oil." 
Iliat  resulting  from  hot  pressing  is  dark  in  color,  and  termed  "black' 
tung  oil."  The  raw  oil  has  a  peculiar  odor  suggestive  of  ham-  Its 
chemical  constitution  differs  from  linseed  in  that  it  consists  almost  wholly 
of  glycerides  of  oleic  and  elaeomargaric  acids- 
Tung  oil  is  used  principally  in  the  manufacture  of  varnishes  and 
linoleum.  When  incorporated  with  ordinary  roan  and  suitably  thinned, 
a  varnish  is  obtfuned  which  is  not  affected  readily  by  water,  while  varnish 
made  with  rosin  and  linseed  oil  alone  is  quickly  turned  white  by  contact 
with  water.     In  consequence  of  this  behavior  of  tung  oil,  it  has  become 
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very  popular  with  the  varnish  maker  as  a  means  of  producing  cheap  but 
good  varnish.  Varnishes  made  with  this  oil  and  rosin  ester  (glyceride 
of  the  acids  of  colophony)  are  extensively  oaed.  When  heated  to  230°  C. 
and  over,  the  oil  coagulates  to  a  transparent  solid  which  is  elastic  under 
compression,  and  this  product  has  been  recommended  as  a  rubber  sub- 
stitute or  factis.  Hydrogenated  tung  oil  expands  in  a  noteworthy  manner 
on  solidifying, from  the  molten  state. 

Hemp  Seed  Oil.  The  source  of  this  oil  is  the  hemp  plant,  Cannabis 
aaiiva.  The  color  of  the  fresh  oil  is  light  green,  becoming  brownish  yellow 
on  standing.  The  solid  glycerides  of  hemp  oil  are  claimed  to  be  those  of 
stearic  and  palmitic  acids.  The  liquid  glycerides  contain  linoleic,  oleic, 
linolenic,  and'  isolinolenic  acids.  It  is  used  as  a  paint  oil,  for  making  soft 
soaps,  and  low  grades  are  employed  for  certain  varnishes. 

Poppy  Oil.  To  obtain  this  oil  the  seeds  are  pressed  cold,  thus  pro- 
ducing a  product  almost  colorless,  or  very  pale  golden  yellow,  known  in 
the  trade  as  "  white  poppy  seed  oil."  That  expressed  at  a  higher  tem- 
perature is  known  as  "  red  poppy  seed  oil."  It  is  cultivated  lai^ly  in 
Asia  Minor,  Persia,  India,  Egypt,  and  Russia.  It  is  used  largely  as  a 
salad  oil,  and  in  the  manufacture  of  artists  colors. 

Sunflower  Oil.  This  oil  is  obtained  from  the  seeds  of  the  Helianthus 
annuua.  It  is  of  a  mild  taste,  pleasant  odor,  and  a  pale  yellow  color.  It 
b  raised  extensively  in  Russia,  Hungary,  India,  and  China.  It  is  employed 
in  soap  making,  and  for  the  manufacture  of  varnish.  This  oil  does  not 
dry  as  readily  as  those  previously  mentioned. 

Tobacco  Seed  Oil.  The  oil  obtuned  from  the  seed  of  the  tobacco 
plant  k  of  a  pale  greenish  yellow  color,  and  dries  very  readily.  On  account 
of  its  high  price  it  has  never  found  any  commercial  application. 

Vegetable  Semi-drying  Oils.  These  oils  form  a  connecting  link 
between  the  drying  oils  and  the  non-dryii^  oils,  although  it  is  difficult 
to  say  to  which  class  they  belong.  Chemically  they  differ  from  the  drying 
oils  by  the  presence  at  the  most  only  of  small  amounts  of  linolenic  acids; 
and  from  the  non-drying  oils  by  the  linoleic  acid  they  contain, 

TABLE  OF  CONSTANTS  FOR  SEMI-DRYING  OILS 


Refmotlvs  Iiid». 


Sojabean 18  0.9242-70     IS'C    192.7  121.7      1.4762 

Pumpkin  seed.  .  35-37  0.9237            15°Cl    188.4  123-130     1,4723-38 

Com 610  0.9213-65  15. 5''Ci  188-193  r3-125     1.4750-70 

Cottonseed...  24-26  0.9220           IS'C  193-195  106-110     1.4743-52 

50-57  0,9230-37!     IS'C  189-193  103-108.  1.4748-62 

Croton I  53-56  0.9500      j     15''Cl210-225  102-10411.4768 

Rape I  33-43  |0.9132-68|15.5°C|  170-1791  94-102     1.4720-57 

Castor 46-53  0.9600-79 15, 5''C  183-186  83-86      1.4799 


15  S'C 
25"  C 
15.5'C 
15°  C 
15°  C 
27°  C 
16°  C 
15°  C 
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S<^  Bean  OH.  Thia  oil  is  also  known  as  soy  bean  and  soja  oil.  It 
is  obtained  from  the  seeds  of  several  varieties  of  the  Soja  kispida  (glycine 
soja  and  soja  max.),  a  plant  growing  in  China,  Manchuria  and  Japan. 
The  whole  fruit  consists  of  a  hairy  pod.  containing  small  round,  yellow 
seeds,  slightly  smaller  than  the  ordinary  pea.  Green  and  black  varieties 
eiao  exist.  The  seed  or  bean  contains  16-19  per  cent  of  oil  and  the 
commercial  yield  is  about  13  per  cent.  The  raw  oil  is  deep  bix>wn  in  color 
and  is  not  much  improved  by  alkali  treatment  except  when  bleached. 
The  odor  and  flavor  are  alight  and  not  unpleasant,  but  the  keeping 
qualities  of  the  oil  are  not  particularly  good,  and  on  storage  a  nauseous 
taste  is  likely  to  develop  aft«r  a  time.  The  oil  is  employed  for  edible 
purposes,  although  in  a  limited  way.  It  is  used  in  soap  making,  and 
has  been  tried  as  a  paint  oil,  but  its  "  greasy  "  properties  have  not  led  to 
extensive  use  in  this  field.  Soja  oil  hydrogenafes  readily,  forming  a  hard 
fat.    The  hydrogenation  of  this  oil  is  extensively  practiced. 

Pumpkin  Seed  Oil.  In  South  Kussia  the  seeds  of  the  Cucurfnto  pepo 
are  roasted,  and  the  oil  expressed  in  the  hot  condition.  This  produces  a 
viscous  product  of  a  deep  red  color.  The  cold  pressed  oil  has  a  greenish 
color  and  a  slight  red  fluorescence.  The  cold  pressed  oil  is  used  for  edible 
purposes,  while  the  inferior  grades  serve  as  burning  oils. 

Corn  Oil.  This  oil  is  obtained  from  the  germ  of  the  maize  plant, 
Zea  mays,  during  the  manufacture  of  com  starch.  The  freshly  prepared 
oil  has  a  pale  yellow  color,  and  may  be  readily  identified  by  its  taste, 
which  is  similar  to  that  of  com  meal. 

The  keeping  qualities  of  the  oil  are  very  good  when  refined,  but  the 
crude  oil  la  rapidly  hydrofized  if  meal  be  present.  By  careful  refining 
and  deodorizing  with  superheated  steam,  an  edible  product  is  obtained 
which  has  a  very  pleasant  taste  and  whose  keeping  quahties  are  good. 
This  grade  of  oil  is  used  in  cake  and  biscuit  mi^ng  and  for  oihng  baker's 
pans,  also  in  margarine  and  as  a  salad  oil.  Hydrogenated  com  oil  serves 
as  a  satisfactory  stiffening  ingredient  in  lard  compound.  Although  some* 
what  diflicult  to  saponify  com  oil  b  used  quite  extensively  in  soap  making 
and  to  a  more  limited  degree  in  the  manufacture  of  paint.  The  output 
of  com  oil  is,  however,  abnost  insignificant  in  comparison  to  that  of  cotton 
seed  oil. 

Cotton  Seed  Oil.  This  oil  is  obtained  from  the  seed  of  the  cotton 
plant  {Gossypium  kerbaceum  and  other  species  of  gossypium),  exten- 
sively cultivated  in  the  United  States,  Egypt,  East  India,  and  other 
countries.  The  oil  as  it  comes  from  the  hydraulic  press  varies  in  color 
from  yellowish  brown  to  a  dark  ruby  or  blackish  red,  depending  on  the 
nature  and  condition  of  the  seed  from  which  the  oil  has  been  expressed. 
It  contains  mucilage,  fine  meal  or  "  mealy  matter,  "  coloring  and  tarry 
material.  Some  of  these  impurities  are  due  to  the  effect  of  moisture 
and  heat  in  pressing  the  oil  from  the  cooked  seed.  Crude  oils  con- 
taining under  1  per  cent  of  free  fatty  acid  and  derived  from  selected 
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seed  are  used  in  the  manufacture  of  butter  oils.  Great  care  has  to 
be  taken  in  the  preparation  of  butter  oils  to  preclude  the  development 
of  any  unpleasant  taste  or  odor.  When  about  1  or  2  per  cent  of  fatty 
acid  is  present  in  the  crude  oil,  refining  is  carried  out  to  produce  what 
'  is  known  aa  prime  yellow  oil.  Above  2  per  cent  of  fatty  acids,  there 
is  more  difficulty  in  removing  the  color,  and  the  oil  is  not  as  suitable 
for  edible  purposes.  Crude  oil  may  contain  as  high  as  7  or  8  per  cent 
of 'free  fatty  acids  in  case  the  seed  has  become  damaged  by  heating, 
etc.  The  losses  occurring  in  the  refining  of  the  crude  oil  varies  with  the 
proportion  of  free  fatty  acids  and  usually  runs  from  7  to  10  per  cent. 
Improved  methods  in  refining  are  tending  to  reduce  this  loss. 

Rejmijig  of  Cotton  Seed  OH.  While  the  procedure  of  refining  varies 
considerably  with  different  operators,  in  general  the  method  consists 
in  adding  to  the  oil  a  quantity  of  a  solution  of  caustic  soda,  sufficient  to 
combine  with  the  free  fatty  acid  to  form  a  soap.  The  latter  in  separating 
from  the  oil  occludes  and  dr^s  down  much  of  the  foreign  matter,  leaving 
the  oil  much  lighter  in  color  and  substantially  free  from  fatty  acids. 

The  soap  also  carries  with  it  a  certain  amount  of  the  neutral  oil,  and  this 
mixture  of  soap,  oil  and  coloring  matter,  etc.,  is  called  soap  stock.  It 
settles  to  the  bottom  of  the  refining  kettle  and  is  drawn  off  to  be  worked 
up  into  soap  or  fatty  acids.  The  refinii^;  kettle  is  equipped  with  a 
mechanical  agitator  or  a  coil  through  which  compressed  ^r  may  be  admitted 
to  the  bottom  of  the  kettle  so  as  to  stir  the  oil  vigorously  when  the  alkali 
is  added.  When  the  lye  is  being  added  to  the  oil,  the  operation  is  closely 
watched  to  ascertain  when  sufficient  alkali  has  been  introduced.  An 
initial  temperature  of  85-95°  F.  is  maintained  during  the  period  of  addition 
of  alkali.  A  few  minutes  after  the  introduction  of  the  caustic  solution 
the  appeu-ance  of  the  oil  changes.  The  oil  becomes  more  fluid,  and  turns 
to  a  brownish  or  black  shade  in  the  course  of  15  or  20  minutes.  When  a 
sample  shows  a  clear  bright  oU  carrying  blackish  flock,  it  has  reached  the 
stage  of  "  breaking,"  and  the  caustic  soda  supply  is  shut  off.  The  oil  is 
now  heated  with  gentle  agitation  to  a  temperature  of  about  100-120°  F. 
or  so  and  the  fiocks  or  clots  collect  so  that  the  oil  will  settle  clear.  The 
time  required  for  the  refinii^  operation  is  ^proximately  30  to  45  minutes. 

The  clear  oil  is  drawn  from  the  refining  kettle  into  a  finishing  or 
settling  tank.  In  some  cases  the  oil  is  washed  with  water  to  remove  tracea 
of  alkali.  With  oils  of  medium  quality  this  usually  is  not  done,  and  it 
suffices  to  add  a  small  amount  of  fuller's  earth  to  absorb  moisture  and 
brighten  the  oil  and  to  then  pump  it  through  a  filter  press  when  it  goes 
to  the  ston^  tanks. 

Fig.  287  shows  the  arrangement  of  refining  apparatus,  L  bdng  the 
lye  tank,  R  the  refining  kettle,  .S  the  settling  tank  and  F  the  foots  or 
soapstock  tank. 

The  refined  oil  may  be  bleached  as  described  under  the  bleaching 
of  oils  with  fuller's  earth.    Chemical  bleaches  likewise  may  be  used,  but 
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these  usuaUy  impair  the  flavor  of  the  tnl  and  are  not  generally  looked 
upon  with  favor  by  manufacturers  of  edible  oils.  Sometimes*  the  crop 
of  seed  is  so  poor  that  fuller's  earth  proves  ineffective  as  a  bleaching  agent 
and  has  to  be  supplemented  by  a  chemical  ble^h.  Treatment  with 
chloride  of  lime  and  mineral  add,  followed  by  thorough  washing,  affords 
a  bleached  oil  which  satisfies  many  industrial  requirements.  In  some 
refineries  carbon  black  is  used  to  remove  the  red  coloring  agents  from 
oil  which  does  not  bleach  readily  with  fuller's  earth.  Chlorophyll  in 
small  quantity  is  acHnetimee  added  to  improve  the  odor.    To  obtfun  a 
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"  red  "  oil  for  margari&e  manufacture  affordii^  the  desired  shade  <rf 
yellow  to  the  finished  margarine,  without  use  of  dyes,  the  oil  is  treated 
with  sulphur,  or  nitric  oxide. 

The  market  brands  "  summer  oil  "  and  "  winter  oil  "  differ  from  each 
other  in  that  the  latter  has  most  of  the  stearine  removed;  so  that  the  oil 
does  not  solidify  during  the  colder  months.  Winter  oil  is  sometimes 
epokeo  of  as  " demargarinated."  The  "cotton  seed  stearine"  is  of  a 
li^t  yellow  color  of  the  consistency  of  butter.  It  is  manufactured  on  a 
very  extensive  scale  in  this  country  by  cooling  the  oil,  filtering  off  the  solid 
deposit  and  pressii^. 

Apparatus  for  making  winter  oil  is  shown  diagrammatically  in  fig. 
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288.  An  insulated  tank  A  contains  a  series  of  cooling  coils  indicated  by  B. 
In  the  low^r  part  of  the  tank  is  an  air  pipe  C.  D  is  a  draw-off  communicat- 
ing with  a  distributing  tank  E.  The  outlet  F  at  the  bottom  of  the  latter 
tank  serves  to  distribute  the  chilled  oil  to  filter  presses  where  the  stearine 
is  removed.  The  operation  of  making  high  grade  winter  oil  colls  for 
great  care  and  watchfulness.  In  brief,  the  procedure  coneists  in  chilling 
the  summer  oil  in  the  tank  A  while  taking  temperature  observations  at 
regular  intervals.  Analogous  to  the  titer  test,  control  may  be  had  by 
ascertuning  the  fall  and  subsequent  rise  ia  temperature  which  occurs 
durii^  the  operation.  At  first  the  temperature  falls  until  stearine  com- 
mences to  separate,  then  a  rise  occurs  due  to  such  separation.  At  inter- 
vals air  is  blown  through  the  oil  to  agitate  it  thoroughly.  Finally  when 
the  thermometer  remains  stationary  for  a  sufficient  interval  the  chilling 
stage  is  ended  and  the  oil  b  dischai^ed  into  the  distributii^  tank  £?  and 
is  passed  onward  to  filtw  presses  where  the  stearine  is  removed  and  winter 
oil  collected.  In  some  plants  it  is  the  practice  to  expose  the  oil  in  tanks 
placed  in  a  refrigerator  room,  but  this  is  not  as  economical  a  method  as 
the  foregoing. 

Deodorizing  Cotton  Seed  Oil.  The  better  grades  of  edible  oil  require 
deodorization,  which  ia  usually  effected  by  subjecting  the  well  refined 
oil  to  the  action  of  superheated 
steam  under  reduced  atmospheric 
pressure.  An  apparatus  for  ctirry- 
ing  out  this  operation  is  shown  in 
Fig.  289. 

A  is  &  deodorizing  tank  having 
the  heating  coils  B  and  a  steam 
inlet  C  terminating  in  the  distribu- 
ter D.  E\s&  pipe  for  the  admission 
of  oil  and  F  is  a  draw-off  pipe  frr 
the  deodorized  product.  C?  is  a 
cooler  for  quickly  reducing  the 
temperature  of  the  finished  deodo- 
rized product.  A  vacuum  ia  secured 
by  the  water  leg  K  which  is  of 
sufficient  height  to  "  pull "  a  vacuum 
of  about  20  inches  mercury.  In 
place  of  the  water  leg  a  pump  may 
be  employed  to  secure  the  reduction 
in  pressure.  The  higher  the  vacuum 
produced  the  better  the  result  and 
in  fact  more  dependence  is  usually 
placed  on  high  vacuum  than  on  the 
effect  of  the  superheated  steam.  A  chaise  of  oil  is  heated  in  the  tank 
A  to  a  temperature  of  say,  400"  F.,  the  temperature  varying  more  or 
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less  accordiD);  to  the  nature  of  the  oil.  Superheated  steam  is  passed 
through  the  oil  at  such  a  rate  that  the  vacuum  gauge  indicatea  a  degree 
of  exhaustioQ  of  20  inches  or  more. 

When  the  oil  has  been  sufficiently  freed  from  odoriferous  constituents 
it  is  withdrawn  through  the  cooler  Q  and  discharged  from  the  outlet  H 
into  storage  tanks.  Sometimes  two  deodorizing  tanks  are  coupled  in 
such  a  maimer  that  they  may  be  operated  in  series  which  enables  a  saving 
ia  steam  to  be  made.  The  deodorizing  operation  also  has  been  carried  out 
as  a  continuous  process.  B^ore  the  withdrawal  of  the  oil  from  the  tank 
A  the  valve  /  should  be  closed  and  not  opened  until  a  fresh  charge  of  oil 
has  been  introduced.  It  is  desirable  to  keep  air  from  entering  the  tank, 
because  any  residual  oil  therein  would  quickly  become  rancid  and  render 
frequent  cleaning  of  the  apparatus  necessary.  Also  it  is  desirable  to 
quickly  cool  the  oil  after  its  withdrawal  from  the  deodoriser  in  order 
that  the  flavor  may  not  be  impaired.       * 

Cotton  seed  oil  is  used  in  large  quantities  for  edible  purposes,  but  owing 
to  popular  prejudice  io  the  past  it  has  seldom  appeared  under  i\s  true  name. 
Of  late,  this  prejudice  has  greatly  diminished.  We  may  find  it  on  the 
open  market  as  "  table  oil,"  "  salad  oil,"  "  sweet  nut  oil "  as  well  as  a 
score  or  other  designations.  Large  quantities  of  the  cotton  seed  ttearine 
are  employed  in  the  manufacture  of  "  oleomargarine,"  butter  compounds, 
butter  substitutes,  lard  compounds,  and  lard  substitutes.  Cotton  seed 
oil  being  cheap  is  often  used  as  an  adulterant  for  the  more  expensive  oils 
such  as  olive,  peanut  and  other  edible  oils.  One  of  its  most  important 
uses  is  in  the  manufacture  of  toilet  and  laundry  soaps. 

Sesame  Oil.  This  oil  is  obtained  from  Seaamum  orientale,  extensively 
grown  in  India,  China,  Japan,  the  Levant,  and  West  Africa,  l^e  cold 
pressed  oil  is  of  a  light  yellow  color,  with  a  pleasant  taste,  sm  that  it  is  used 
to  some  extent  for  edible  purposes.  In  some  countries  the  legal  require- 
ment is  made  that  sesame  oil  form  a  constituent  of  margarine  in  order 
to  facilitate  the  detection  of  margarine  in  butter.  -The  hot  pressed  oil 
is  used  largely  in  soap  making. 

Croton  Oil.  Croton  oil  is  obt(un^  from  the  seeds  of  CroUm  tiglum, 
a  tree  grown  on  the  Malabou  Coast,  in  Southern  Asia,  and  in  China. 
The  oil  varies  in  color  from  yellow,  orange,  or  brown  according  to  age. 
It  has  a  nauseating  odor,  a  burning  taste,  and  a  very  powerful  purgative 
action.     Its  chief  use  is  in  pharmaceutical  preparations. 

Rape  Oil.  There  are  several  varieties  of  this  oil,  dependingupon  the  place 
of  cultivation.  The  oil  is  obtained  from  the  seeds  of  Brassica  campe^ns. 

In  the  trade  this  oil  is  called  colza  oil.  The  crude  oil  is  dark  brown 
and  may  contain  a  considerable  proportion  of  free  fatty  acids.  The 
refined  oil  is  pale  yellow  and  is  very  viscous,  depositing  more  or  less 
st«arine  on  standing.  The  taste  is  unpleasant  and  the  odor  characteristic. 
Refined  cold  drawn  oil  is  sometimes  used  for  edible  purposes,  while 
the  inferior  qualities  find  an  outlet  as  lubricants  and  illuminants.    Rape 
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oil  as  weU  as  cotton  and  corn  oil  are  converted  into  rubber  sub- 
stitutes or  factis  by  treatment  with  auli^ur  chloride  or  by  heating  with 
sulphur.  Rape  oil  also  is  "  blown  "  witii  air  to  produce  thickened  pro- 
ducts. 

Castor  Oil.  This  oil  is  obtuued  from  the  seeds  of  Ridnua  communis, 
a  plant  grown  extensively  in  East  India,  Java,  the  Mediterranean  coun- 
tries, and  the  United  States.  The  cold  pressed  oil  is  used  for  medicinal 
purposes.  The  lower  grades  are  used  very  extensively  in  manufacturing 
operations,  such  as  leather  dressings,  and  in  the  sulphonated  conditicm  is 
known  as  "  soluble  oil  "  "  Turkey  red  oil  "  or  "  monopol  oil."  Castor 
oil  is  a  colorless  or  pale  greenish  oil  with  a  mild  taste. 

It  has  a  high  viscosity  and  finds  some  application  in  lubricants, 
althoi^h  by  no  means  devoid  of  gumming  properties.  The  oil  is  prized 
as  a  lubricant  for  aeroplane  engines.  Sulphur  unites  readily  when  heated 
with  it  forming  rubber-like  coThpounds.  When  hydrogenated  at  a  rela- 
tively low  temperature,  the  hydroxy!  groups  present  are  not  affected,  but 
at  higher  temperatures  these  are  replaced  by  hydn^en.  The  hydrogenated 
product  is  very  hard  and  has  found  a  use  in  the  manufacture  of  insulating 
materials.  A  peculiar  property  of  castor  oil  is  its  miscibility  with  alcohol. 
Unlike  most  other  oils  it  does  not  dissolve  readily  in  petroleum  ether. 
By  heating  to  a  rather  high  t^nperature  the  oil  becomes  polymerised 
and  is  then  miscible  with  petroleum  ether  and  mineral  oils. 

Vegetable  Non-diylng  Oils.  The  oils  in  this  class  have  a  lower  iodine 
number  than  those  of  the  two  precedii^  classes.  Hiey  do  not  become 
gummy  when  exposed  to  the  air  at  ordinary  temperature;  although  they 
all  thicken  on  heatii^. 
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Peach  Kemd  OH.  This  oil  is  obtuned  from  the  kernel  of  the  peach, 
is  of  a  pale  yellow  color,  and  greatly  resembles  ahnond  oil.  Its  chief  use 
is  as  an  adulterant  for  almond  oil. 

Almond  Oil.  Almond  oil  is  expressed  from  bitter  almtmds,  which 
yield  more  oil  than  sweet  almonds,  although  both  oils  are  practically 
identical.     The  source  of  this  oil  is  Morocco,  Canary  Islands,  Portugal, 
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Spain,  France,  Italy,  Sicily,  Syria,  and  Persia.  Its  chief  use  is  in  pharma- 
ceutical preparations. 

Peanut  Oil.  This  product  b  also  known  as  earthnut  oil  and  arachis 
oil'  It  is  obtained  from  the  seeds  of  Arachis  kypogaea,  commonly  known 
as  peanut.  It  is  lar^ly  cultivated  on  the  West  Coast  of  Africa,  India,  and 
the  United  States.  The  nuts  are  shelled  and  the  inner  red  skin  separated 
as  completely  as  possible  from  the  true  kernel.  The  kernels  are  then 
pressed.  The  oil  has  a  golden  yellow  color  and  the  edible  varieties  are 
usually  bleached  to  a  very  pale  color.  The  cold-pressed  oil  is  nearly 
colorless,  has  a  pleasant  flavor  and  is  largely  used  as  a  salad  oil.  The 
inferior  qualities  are  used  in  soap  making. 

Olive  Oil.  The  oil  is  prepared  from  the  fruit  of  the  olive  tree,  both  by 
expression  and  extraction.  The  commercial  product  varies  from  color- 
less to  golden  yellow  and  dark  green,  according  to  the  variety  of  tree, 
degree  of  ripeness,  manner  of  gathering,  and  method  of  expression.  "  Vii^ 
oil,"  considered  the  best  quality  for  edible  purposes,  is  obtained  from  the 
hand-picked  fruit,  by  crushing  in  such  a  manner  as  not  to  break  the  kernel. 
The  pulp  is  then  treated  with  water  and  pressed  agiun.  By  this  process 
salad  oils  are  obtained.  The  pulp  is  then  removed  from  the  press,  treated 
with  hot  water  and  again  subjected  to  hydraulic  pressure;  the  oil  obtained 
bemg  employed  for  lubricating,  soap  making,  and  for  other  technical 
purposes.  The  final  expression  comes  into  the  market  as  "  olive  oil 
foots,"  extensively  employed  in  the  manufacture  of  "  castile  "  soap. 

The  best  quaUty  of  the  oil  is  greenish  yelk>w.  The  consistency  is 
that  of  a  iimpid  oil  at  ordinary  temperatures  and  b^pnning  to  deport 
"  stearin  "  below  10°  C.  The  oil  is  valued  more  particularly  on  its  Savor. 
The  finest  edible  oil  has  practically  no  smell  and  very  little  taste,  but 
with  inferior  grades  there  is  a  distinct  odor  and  the  taste  becomes  sharp 
and  unpleasant,  due.in  part  to  increasing  proportions  of  free  fatty  acids. 
The  best  edible  oil  contains  only  0.3-0.5  per  cent  of  free  fatty  acids,  and 
anything  much  exceeding  this  precludes  its  use  as  a  salad  oil.  The  acidity 
is  sometimes  removed  by  treatment  with  alkali,  and  oils  treated  in  this 
way  do  not  show  the  absorption  bands  of  chlorophyll  which  are  often 
clearly  given  by  the  fresh  oil. 

Olive  Kernel  Oil.  This  oil  is  obtained  by  pressing  or  extracting  the 
seeds  fi»m  oUve  stones.  The  cold-pressed  oil  is  golden  yellow  in  color, 
while  the  hot-pressed  oU  has  a  greenish  cast-  The  extracted  oil  is  dark 
green  in  color,  probably  due  to  the  presence  of  chlorophyll.  This  oil  in  a 
way  is  the  by-product  in  the  manufacture  of  olive  oil,  and  resembles  it 
very  closely  in  all  of  its  properties. 

Animal  Oils.  These  oils  are  obt^ed  by  heating  the  fatty  matter  with 
Uve  or  dry  steam  in  open  kettles  or  closed  digesters;  the  old  method  of 
heating  over  the  open  fire  is  now  used  but  infrequently.  One  of  the  most 
modem  processes  consists  in  heating  the  stock  with  water,  at  a  pressure 
sufficiently  h^  to  cause  a  complete  separation,  but  not  high  enough 
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to  decompose  the  stock.  When  tbis  "  rendering  "  is  complete  tiie  contents 
of  the  digester  is  filtered  to  remove  solid  matter,  and  the  liquid  portion 
ellowed  to  stand  so  that  the  oil  may  rise  to  the  top.  The  liquid  portion 
remaining  after  the  oil  has  been  removed,  may  be  used  again,  or  may  be 
concentrated  for  use  as  glue  stock.  The  solid  matter  is  usually  dried  and 
sold  for  use  in  fertilizers.  In  some  forms  of  rendering  tanks  the  oil  is 
allowed  to  rise  to  the  top,  where  it  is  removed  by  tap  valves  along  the 
side.  The  oil  obtained  by  the  above  methods  is  usually  sufficiently  pure 
for  commercial  purposes.  If  it  is  to  be  used  for  edible  purposes,  it  is 
customary  to  further  purify  it  by  bleaching.  This  is  accomplished  by 
passing  the  oil  or  fat  throt^h  bone-black  or  fuller's  earth. 
Animal  oils  may  be  divided  into  two  classes : 

1.  Marine  animal  oils,  2.  Terrestrial  animal  oils. 

Marine  Animal  Oils.  The  marine  animal  oils  are  characterized  by 
their  high  iodine  vEilues,  which  in  a  way  resemble  the  vegetable  drying 
oils.  As  with  vegetable  oils,  we  have  a  gradual  lowering  of  the  iodine 
value  through  drying,  semi-drying,  and  non-drying  oils,  until  we  approach 
the  constitution  of  the  terrestrial  animal  oils.  The  members  of  this  class 
of  oils  are  liquids  at  the  ordinary  temperature,  and  will  be  considered  under 
the  three  following  groups: 

Fish  oils  Liver  oils  Blubber  oils 

Viah  Oils.  The  fish  oils  are  obtamed  from  various  parte  of  the  body 
of  such  fish  as  menhaden,  herring,  sardine,  salmon,  etc.  The  fish,  or  oily 
portion,  is  placed  in  rendering  tanks,  boiled  and  the  oil  drawn  off  from  the 
top.  The  soluble  portion  is  used  for  making  fish  glue,  isinglass,  and  the 
solid  portion  sold  as  a  fertiUzer  under  the  name  of  fish  scrap. 

TABLE  OF  CONSTANTS  FOR  SOME  COMMON  FISH  0115 


Nome  ol  OU. 

Bpecififl  Gravity. 

'^^^. 

ViJue. 

Rrfrncti™  iDcin. 

Sardine 

0.927-0.933 
0  933 
0.9253 

15.6°C 
15     "C 
i5.5°C 

190,6 

'l82!8 

139-lSO 
161-193 
161.4 

1.480 

1.479 

15°C 
I5°C 

Menhaden  Oil.  This  oil  is  prepared  from  the  body  of  the  fish,  which 
in  appearance  resembles  herrii^,  although  it  is  somewhat  larger.  The 
time  of  tishing  for  menhaden  is  determined,  of  course,  by  the  habits 
of  the  fish.  Since  they  appear  in  northern  waters  in  April  and  disappear 
in  November,  the  fishing  season  is  limited  by  those  months.  As  one 
goes  farther  south,  the  season  is  lengthened;  in  the  Carolinas  the  boats 
are  not  put  out  of  commission  until  the  latter  part  ot  December,  though 
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fishing  does  not  begin  much  earlier  there  than  in  the  northern  regions. 
In  the  southern  region,  the  spring  and  fall  fishing  furnishes  most  of  the 
raw  material,  there  being  a  dull  season  in  mid-summer  when  catches 
are  rare  and  unimportant.  In  Florida  waters  the  fish  are  present  through- 
out the  winter.  To  illustrate  some  of  the  methods  employed  in  rendering 
oils  of  this  character  the  following  detailed  description  is  gjven: 

ConkiT\g.  (Old  Method.)  The  old  method  of  cooking  in  open  vate 
is  still  in  vogue  in  such  a  number  of  factories  as  to  justify  its  description 
here.  The  vats  employed  are  usually  mtuated  on  the  second  fioor  of  the 
factory  so  that  the  mixture  of  wl  and  .water  subsequently  to  be  pressed 
from  the  cooked  fish  can  follow  its  prescribed  course  through  ttie  plant 
without  the  assistance  of  pumps.  They  are  constructed  of^  wood  or 
cement,  with  a  false  bottom,  beneath  which  are  placed  steam  pipes.  The 
individual  vats  may  have  a  capacity  of  abo:t  20,000  fish,  and  the  entire 
set  of  Tats,  300,Q00  fish.  They  asvi  arranged  generally  in  two  adjacent 
lon^tudinal  rows.  Above  them  runs  the  truck  conveying  the  tram  cars 
or  the  automatic  conveyor  which  supplies  the  fish  to  be  cooked,  while 
along  either  side  of  the  double  row  are  placed  other  tracks  runnii^  t^  the 
presses. 

Fish  are  dumped  into  the  vats  in  quantities  depending  on  the  capacity 
of  the  vats,  usually  50  to  100  barrels,  some  water  is  added  and  the  steam  is  ^ 
turned  on.  They  are  cooked  about  20  minutes,  or  a  sufficient  length 
of  time  to  cause  them  to  break  up  easily,  but  not  long^enougb  to  dis- 
int^^ate  them  entirely.  The  object  of  the  cooking  is  to  break  the  oil 
cells  or  to  bring  about  that  condition  which  admits  of  a  more  ready  express- 
ment  of  the  oil.  If  the  cooking  is  too  prolonged  this  is  accomplished 
also,  but  the  flesh  is  so  thoroughly  disintegrated  that  it  becomes  a  mush 
from  which  it  is  difficult  to  separate  the  oil :  the  oil,  water,  and  fine  particles 
of  flesh  would  then  squeeze  out  of  the  presses  tc^ether. 

Pressing.  (Old  Method.)  The  cooked  fish  are  thrown  from  the 
vats  into  the  curbs  of  the  presses  by  means  of  a  modified  shovel  which 
retuns  the  solid  matter  and  permits  the  water  to  run  back  into  the  vats. 
The  escaping  water  and  oil  is  caught  by  the  properly  slantii^  floor  as 
is  also  that  escaping  from  the  curb  during  charging,  and  conveyed  to 
the  oil  room  for  settling  and  further  treatment.  When  the  maximum 
pressure  has  been  applied  and  no  more  liquid  is  being  forced  out,  the  pres- 
sure is  released  and  the  curb  is  rolled  over  an  opening  in  the  floor  for 
emptying.  The  bottom  is  then  released  and  swings  downward,  and  the 
mass  of  fish  scrap  falls  in  a  solid  cake  to  the  floor  below.  The  slantii^ 
sides  of  the  curb  are  designed  to  facilitate  the  dischai^  of  this  cake; 
the  curb  being  larger  at  the  bottom  than  at  the  top,  the  cake  falls  out 
more  readily.  At  this  stage,  the  scrap  contains  about  50  per  cent  water, 
by  wdght,  and  about  6  or  9  per  cent  of  oil. 

Cooking.  (New  Method.)  The  new  method  of  cooking  fish  largely 
has  supplanted  the  old  because  of  its  speed  and  eflicienGv  and  the  saving 
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in  labor  which  it  effects.  The  apparatus  employed  is  essentif^ly  a  long, 
narrow,  iron  cylinder,  of  varying  lengths,  but  frequently  about  40  feet, 
and  about  2  feet  in  diameter,  through  which  the  iish  are  passed  by  means 
of  a  screw  conveyor,  being  subjected  the  while  to  the  cooking  action  of 
steam.  There  are  several  forms  of  this  apparatus,  differing  from  each 
other  principally  in  the  manner  in  which  the  steam  is  admitted  to  the 
cylinder.  Thus,  it  may  he  admitted  through  perforations  in  the  boUow 
shaft  of  the  screw  conveyor;  the  blades  of  the  conveyor  may  be  sub- 
stituted for  by  sections  of  iron  pipe,  arranged  screw-wise  around  the  axis,  ■ 
through  perforations  in  which  the  steam  may  enter  the  chamber;  or  it  may 
be  admitted  throii^h  numerous  pipes  projecting  from  the  outside 
through  the  casing  aloi^  its  bottom. 

The  second  and  third  methods  mentioned  are  regarded  by  the  opera- 
tors as  more  efficacious,  as  they  admit  the  steam  within  the  mass  of  fish, 
instead  of  above  it,  and  thus  effect  more  thorough  and.  uniform  cookii^ 
The  fish  are  conveyed  automatically  from  the  storage  bins'  and  are  dumped 
continuously  into  the  hopper-like  mouth  of  the  cooker.  This,  is  certain 
forms,  is  provided  with  a  special  device  for  regulating  sad  asmstingthe 
feedii^.  The  cooked  fish,  together  with  the  water  and- oil  cooked  from 
them  and  the  water  resultit^  from  the  condensed  steam,  are  passed  from 
the  end  of  the  cooker  into  the  buckets  of  a  conveyor  and  are  transported 
to  the  presses. 

Pressing.  (New  Method.)  The  modem  power  press  employed 
in  fish  scrap  industry  partakes  of  the  shape  of  a  truncated  cone  placed 
in  a  horizontaJ  position.  It  is  e^ntially,  a  curb,  constructed  of  iion, 
with  slatted  sides.  Through  its  center  passes  a  horizontal  shaft  on  which 
is  built  up  a  screw,  tapered  to  fit  closely  indde  the  cone-shaped  curb. 
The  rotation  of  the  screw  carries  the  fish  forward  into  the  smaller  end  of 
the  curb;  and  as  the  material  cannot  rotate  with  the  screw,  or  slip  on  the 
curb,  it  is  subjected  to  pressure.  By  adjusting  the  size  of  the  opening 
in  the  smaller  end,  through  which  the  expressed  material  is  ejected,  the 
pressure  on  the  mass  may  be  increased  or  decreased.  The  pressure  is 
gradual,  increasing  from  the  larger  and  toward  the  smaller.  The  water 
and  oil  are  squeezed  out  between  the  slats  and  are  caught  by  the  met^ 
shield  surrounding  the  press  and  are  conducted  thence  into  pipes  leadii^ 
to  the  oil  room.  The-mouth  of  the  press  is  hopper-shaped.  The  fish  are 
fed  into  this  by  a  mechanical  conveyor.  In  some  forms  of  the  press,  a 
chopper  is  placed  in  the  mouth  to  reduce  the  size  of  the  pieces  of  fish 
entering.  From  the  smaller  end  of  the  press  the  fish  scrap  usually  is  allowad 
to  fall  into  the  buckets  of  a  conveyor. 

One  hundred  pounds  of  the  mass  coming  from  the  cookera  contUQ 
22  pounds  of  fish  solids  and  78  pounds  of  water.  In  the  press,  56  pounds 
is  removed.  This  leaves  a  mass  of  44  pounds  of  which  about  one  half  is 
water. 

The  press  cake  is  dried  usually  in  hot  air  driers  which  are  iron  cylindera 
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about  6  feet  in  diameter  and  about  30  or  40  feet  in  length.  On  the  inside 
are  a  series  of  iron  Qangfis  or  shelves  about  8  inches  wide  and  running  the 
length  of  the  cylinder.  These  are  designed  to  lift  the  scrap  and  charge 
it  through  a  stream  of  hot  air.  The  drier  is  slightly  inclined  and  is  rotatable 
so  the  wet  fish  scrap  when  charged  at  the  upper  end  moves  along  the 
barrel  of  the  drier  and  is  discharged  at  the  lower  end.  The  heating  furnace 
is  arranged  at  the  upper  end,  hence  the  hot  gases  travel  in  the  same  direc- 
tion as  the  scrap  and  the  forced  draft  which  is  employed  serves  also  to 
blow  the  scrap  through  the  kiln.  ■ 

Menhaden  oil,  the  true  fish  oil,  is  by  far  the  most  important  oil  pro- 
duced on  the  Atlantic  Coast  of  the  United  States.  The  annual  production 
exceeds  two  million  gallons. 

Technology.  The  mixture  of  oil  and  water  running  from  the  cooked 
fish  in  the  presses  is  conducted  into  the  first  and  uppermost  of  a  set  of 
tanks,  arranged  one  somewhat  above  the  other.  In  this  vat  the  mixture 
on  standing  a  short  time  separates  into  a  stratum  of  oil  floating  on  an 
aqueous  layer.  The  separation  may  be  assisted  by  heating  the  mixture. 
For  this  purpose  steam  coils  are  provided.  The  oil  is  allowed  to  flow 
thence  by  a  suitable  arrangement  of  weirs  successively  through  the  aeries 
of  receptacles,  in  which  by  means  of  stronger  heating  by  steam  it  is 
gradually  purified  from  its  contained  water  and  small  particles  of  flesh. 
The  greater  part  of  the  fine  particles  of  flesh  separate  in  the  first  vat, 
aetthng  to  the  bottom.  This  fine  mush  is  known  as  "  gurry,"  and  some- 
times is  sold  to  the  manufacturers  of  soap  without  further  treatment, 
and  in  some  cases  is  placed  in  stout  canvas  bags  and  subjected  to  pressure 
to  recover  the  oil  which  it  still  conttuns.  The  residual  solid  matter  is 
added  to  the  scrap.  As  this  is  free  from  bones,  its  nitrogen  content  is 
correspondingly  higher  that  that  of  the  ordinary  scrap. 

Yidd.  The  yield  in  oil  varies  (I)  with  the  year,  (2)  more  decidedly 
with  the  locality  from  which  the  fish  are  taken,  and  (3)  most  widely  with 
the  time  of  the  year  when  taken.  The  flsh  taken  in  northern  waters 
as  a  rule  are  fatter  than  those  from  southern  waters.  "  In  the  year  1900, 
for  instance,  the  yield  of  oil  at  the  Rhode  Island  factories  was  5.76  gallons 
per  1000  fish;  in  New  York  it  was  6.39  gallons;  in  Delaware  4.92  gallons; 
and  in  Texas  3.51  gallons  to  the  1000  fish."  When  the  fish  appear  in  the 
spring  they  frequently  are  so  thin  that  no  recoverable  oil  at  all  is  obtained 
from  them.  The  fish  taken  in  the  fall,  on  the  contrary,  yield  on  the  aver- 
age 12  gallons  per  1000  and  frequently  15  gallons  per  1000.  The  varia- 
tion in  average  yield  per  thousand  from  year  to  year,  therefore,  probably 
is  determined  by  the  relative  number  of  fish  caught  in  the  spring  and 
faU. 

Properliea  and  Uses.  Crude  menhaden  oil  varies  in  color  from  hght 
amber  to  dark  brown.  The  oil  comes  into  the  market  as  "  prime  crude," 
"  brown  struned,"  "  strained,"  "  bleached  winter  oil  "  and  "  bleached 
winter  white  oil."    Grade  is  also  indicated  by  letter  and  the  grading 
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is  carried  out  simply  by  color  observation.    The  classification  is  indicated 
by  tiie  following  table:  ~ 

Menhaden  Oil 


"1 1  I \ \ — i 

CD  A  B         C         D 

J  I  III 


Filtered  filtered 

The  northern  oil  is  regarded  as  slightly  better  than  the  Bouthera  oil 
for  the  reason  that  it  is  presumed  less  decompodtion  of  the  fish  b  likely 
to  take  place  prior  to  expressing  the  oil  when  the  catch  is  handled  in 
cooler  climates.  There  is  a  great  variation  of  the  iodine  number,  the 
maximiun  being  about  180. 

Standard  samples  of  crude  northern  menhaden  oil  show  a  glycerine 
value  of  slightly  over  10  per  cent  and  an  iodine  number  of  175.  Crude 
southern  menhaden  shows  a  glycerine  value  of  about  10  and  an  iodine 
number  of  168.  Filtered  northern  menhaden  shows  a  glycerine  value  of 
about  10.2  and  an  iodine  number  of  166  and  is  obtained  by  cold  pressing. 
Filtered'  southern  menhaden  shows  a  glycerine  content  of  about  9.9. 
and  an  iodine  number  of  167.  The  specific  gravity  raises  from  about 
0.927  to  0.933. 

Crude  menhaden  oil  runs  from  3  per  cent  and  upwards  in  fatty  acids. 
The  filtered  oil  is  usually  bleached.  The  southern  oil  is  popularly  supposed 
to  be  of  a  lower  iodine  value  and  not  so  good  a  paint  oil  as  the  northern 
product.  The  southern  oil  is  apt  to  be  higher  in  free  fatty  acid  due  to 
its  b^ng  obtained  in  a  hotter  climate. 

Formerly  menhaden  oil  was  used  principally  as  an  illuminant  and  in 
cunying  leather.  In  addition,  it  has  long  been  used  as  a  paint  vehicle, 
as  a  lubricant  and  as  a  soap-making  grease.  Its  use  in  currying  leather 
and  as  an  illuminant  has  been  supplanted  to  a  considerable  extent  by  that 
of  mineral  oils,  while  its  employment  in  the  other  manners  mentioned  has 
increased.  Large  and  increased  quantities  are  now  used  in  the  paint 
manufacturing  industry,  and  in  tempering  steel.  For  the  latter  purpose 
a  large  amount  is  sold  directly  to  the  manufactiners  of  steel  articles. 
Menhaden  oil  also  is  used  in  linoleum  or  oilcloth  manufacture  and  for 
making  hardened  oil  by  hydrc^enation.  The  lower  grades  of  fish  oil  are 
somewhat  difficult  to  hydrogenate  owing  to  the  impurities  present 
which  poison  the  catalyzer.  The  better  grades  of  oil  may  be  hardened 
to  products  of  excellent  quaUty  suitable  as  substitutes  for  tallow  in  soap 
makii^. 

For  paint  making  bleached  oil  usually  is  not  regarded  as  desirable, 
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Bleaching  is  thought  to  some  extent  to  effect  the  oil  for  paint  making 
purposes.  For  exterior  work,  3  parts  of  fish  oil  may  be  used  with  one  part 
of  linseed  ml.  Fish  oil  is  more  resistant  to  the  action  of  heat  than  linseed 
oil  and  hence  is  esfwcially  adapted  for  use  in  painting  iron  work,  such  as 
boiler  fronts  and  smoke  stacks.  Its  use  is  recommended  e^>eciaUy  for 
replacing .  linseed  oil  in  the  manufacture  of  patent  leather  and  similai 
products,  and  printing  ink.  The  patent  leather  resulting  is  more  flexible 
and  less  liable  to  crack  thoi^  it  poeaesaee  a  somewhat  less  glossy  surface. 
An  objection  to  iis  use  in  this  manner,  however,  is  a  peculiar  efflorescence 
which  its  presence  causes  to  form  on  the  surface  of  the  preparation.  Its 
moderate  use  in  the  manufacture  of  baked  japans  also  has  been  found 
highly  advantageous.  . 

■  Sardine  Oil.  This  oil  is  obtained  in  the  preparation  of  canned  sardines. 
It  is  also  made  on  a  large  scale  in  Jajum  by  chopping  the  fish  and  sub- 
jecting them  to  boiling  and  pressing. 

Salmon  Oil.  This  oil  is  obtuned  on  a  large  scale  as  a  by-product  in 
the  canning  industry  of  British  Columbia.  It  is  of  a  pale  golden  yellow 
color,  with  very  little  odor,  and  not  unpleasant  taste. 

Liver  Oils.  As  the  name  implies,  these  oils  are  obtained  from  the  liver 
of  various  species  of  fish.  They  form  a  natural  group  which  is  character- 
ized by  the  large  amount  of  cholesterol,  and  biliary  substances  present  in 
them.    The  iodine  values  bring  them  between  the  fish  and  blubber  oils. 

CONSTANTS   FOR   LIVER  OIIS 


Nun«  o(  oa. 

Spwifio  Gnvitr. 

*•" 

'^^:. 

Rdrmotive  Ind«i. 

0.9210-70 

0.9298 

0.9163 

Ib'C 
16°C 

15°C 

171-189 

188.8 

161 

167 

154.2 

1U.6 

1.4800-52 

Haddock  liver..... 

Shark  liver 

■ 

Cod  Liver  Oil.  There  are  many  grades  of  cod  liver  oil  on  the  market, 
obtuned  in  various  ways  from  the  liver  of  the  cod  fish.  The  purest  form 
of  oil  for  medicinal  purposes  is  that  prepared  from  fish  which  are  brought 
ashore  alive.  The  livers  are  heated  in  jacketed  kettles,  the  resulting 
oil  being  known  as  "  steamed  liver  oil."  When  it  is  impossible  to  bring 
in  the  live  fish,  they  are  opened  and  the  livers  collected.  Provided  no 
decomposition  has  taken  place  the  oil  obtained  from  this  stock  is  known 
as  "pale  cod  liver  oil"  and  is  used  to  some  extent  for  pharmaceutical  pur- 
poses. As  often  happens  these  livers  are  landed  in  a  more  or  less  putrid 
condition,  so  that  the  oil  from  them  becomes  unfit  for  medicinal  use,  and 
is  known  as  "light  brown  oil."  Should  the  product  become  very  putrid  the 
resulting  i»l  is  known  as  "brown  oil."  The  oil  not  suitable  for  medicinal 
purposes  is  used  in  the  currying  of  leather  under  the  name  of  "cod  oil." 
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What  is  known  as  dark  tank  cod  oil  comes  from  Newfoundland  and 
has  a  spetnfic  gravity  of  .9296;  an  iodine  niunber  of  129;  fatty  acid  content 
14  per  cent  and  saponification  number  190.  Dark  tank  cod  oil  is  made 
from  cod  livera  and  is  used  for  tanning. 

'  Cod  liver  oil  contains  quite  an  amount  of  stearine  which,  to  a  great 
extent,  settles  out  on  standing.  Oils  niiich  have  been  freed  from  stearine 
are  known  as  "  raked  "  oils. 

Shark  Liver  Oil.  This  oil  is  used  to  s(Hne  extent  as  an  adulterant  of 
cod  liver  oil;  it  is  obteuned  in  a  maimer  very  similar  to  that  empl(^ed 
for  cod  oil.  It  is  also  used  in-the  leather  industry.  The  oil  appears  on 
the  market  as  "  yellow  strwned,"  "  red,"  "  yellow,"  "  yellow  red,"  "  Japan- 
ese," "  crude,"  and  "  refined." 

Haddock  Liver  Oil.  The  oil  from  haddock  liver  closely  resemble! 
cod  liver  oil,  to  which  it  is  added  to  quite  an  extent  as  an  adulterant. 

Dog-JUk  Liver  Oil  is  an  ill-smelling  "  fishy  "  oil  which  requires  energetic 
refining  to  yield  an  acceptable  product. 

Blubber  Oils.  Under  this  headii^  will  be  included  those  oils  obtained 
from  the  blubber  of  various  fish.  They  differ  from  each  'other  quite 
widely  in  their  chemical  composition. 

CONSTANTS   OF  SOME  BUJBBER  0115 


Nmn»  of  Oa, 

Specific  Gnvity. 

"^dm. 

^^ 

0.9155-63 
0.9180 
too  9300 

0,9180 

0.9288 

IS'C 
15.5°C 

!5°C 
15°C 

189-198 
188 

197.3 
195 

127-146 

115-155 

99.5 

nio 

Seal  OH.  This  oil  b  obtwned  from  the  blubber  of  the  seal.  It  varies 
m  quality  depending  upon  the  method  of  extraction,  and  the  length  of 
time  the  oil  has  been  left  m  contact  with  the  animal  tisHue.  The  following 
brands  appear  on  the  market:  "water  white,"  "straw  seal,"  "yellow 
seal,"  "  and  brown  seal."  The  last  named  oil  is  the  result  of  long  contact 
with  animal  matter  and  extraction  at  high  temperatures. 

A  white  steam  refined  oil  is  produced  only  during  the  month  of  May 
in  Newfoundland.  It  resembles  whale  oil  but  is  not  as  "  fishy."  Its 
principal  use  is  as  a  soap  oii.    Analytically  seal  oil  resembles  whale 

Whale  Oil.  Formerly  the  whale  blubber  was  worked  up  on  board  the 
whaler,  but  now  it  is  generally  brought  into  the  "  trying  "  station.  The 
blubber  is  stripped  from  the  flesh  as  completely  as  possible  immediately 
when  it  arrives  at  the  works.  It  is  cut  into  strips,  delivered  to  the  melting 
pan,  and  boiled  with  steam.    The  best  quality  of  the  oil  is  of  a  very  pale 
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yellow  color,'and  is  known  in  the  trade  as  "  whale  oil  No.  0."  The  fishy 
odor  is  relatively  very  slight.  On  further  heating  the  next  quality, 
"  whale  oil  No.  1,"  is  obttuned,  which  jb  a  little  darker  in  color,  and  has 
more  of  a  fishy  odor  than  No.  0.  Bleached  No.  1  oil  is  Bometimes  sold 
as  No.  0.  The  residue  in  the  pan,  together  with  the  flesh  of  the  whale, 
is  heated  in  a  digester  under  pressure  of  about  SO  lbs.  to  the  square  inch. 
In  this  way  "  whale  oil-  No,  2  "  is  obtwned,  which  is  of  a  brown  color, 
and  strong  fishy  odor.  When  the  bones  are  worked  up  an  oil  is  obtained 
known  as  "  whale  oil  No.  3."  This  oil  is  darker  than  No.  2  and  has  a  very 
strong  odor.  From  the  flesh  which  has  undergone  putrefaction  "  whale 
oil  No.  4  "  is  obtuned,  this  is  still  darker  in  color  and  has  a  very  objection- 
able odor.  ^    - 

Nos.  2,  3  and  4  are  graded  by  coior. 

No.  1  is  pale  yellow.  No.  2  is  orange.  No.  3  oil  in  the  crude  state 
may  be  likeiwd  to  coffee  containing  cream.  No.  4  oil  ia  practically  a  btsok 
oiL 

About  60  per  cent  of  the  total  oil  from  whale  is  the  No.  1  grade. 
Thirty  per  cent  is  the  No.  2  grade  and  the  remainder  is  Nos,  3  and  4. 
No.  0  does  not  appear  on  the  market  in  material  quantities.  In  this 
country  No.  1  whale  oil  is  frequently  sold  with  an  acid  guarantee  of  not 
over  2  per  cent.  The  No.  2  oil  should  not  contain  more  than  about  5 
per  cent  free  fatty  acid.  No.  3  will  run  up  to  15  per  cent  or  so  of  fatty 
acid.  During  the  last  few  years,  there  has  been  an  increasing  tendency 
to  make  the  free  fatty  acid  test  a  basis  of  contracts.  As  a  matter  of 
experience,  it  has  been  found  that  an  oil  which  falls  below  the  highest 
figure  representing  the  limit  of  free  fatty  acid  for  a  particular  ^ade,  will 
also  conform  to  the  accepted  color  standard  for  that  grade.  There  are 
exceptions,  as,  for  instance,  when  an  oil  is  discolored  by  iron  compounds. 
The  specific  gravity  of  fish  and  whale  oils  ranges  from  .918  to  .930.  The 
iodine  number  of  crude  whale  oil  is  very  variable  and  ranges  between 
115  and  155  for  all  classes  of  these  oils. 

In  the  pressing  of  whale  oil  to  secure  products  of  the  proper  cold  test, 
a  quantity  of  so-called  stearine  is  obtuned  which  is  used  munly  in  the 
preparation  of  whale  oil  soap  and  for  making  railway  coach  lubricants. 

No.  1  filtered  whale  oil  has  a  flash  point  570°  F.  and  burning  point 
640°  F.  The  viscosity  at  100°  F.  is  166  seconds  in  the  Saybolt  instru- 
ment. No.  3  filtered  whale  oil  has  a  flash  point  of  about  380°  F.  and 
burning  point  of  424°  F. 

The  maximum  production  of  whale  oil  is  about  60,000  barrels  annually, 
this  being  obtained  mostly  in  Canada  especially  along  the  Canadian 
Pacific  Coast.  Only  a  small  proportion  comes  from  the  American  Pacific 
coast.  A  very  ranall  and  uncertain  supply  is  derived  from  the  Eastern 
coast,  but  the  whaling  industry  which  formerly  made  New  Bedford  aa 
important  port  no  longer  exists  and  the  industry  is  at  its  height  now  along 
the  Canadian  Pacific  shores. 
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A  small  amount  of  sea  elephant  oil  is  brought  into  this  country,  but 
ia  usually  sold  as  whale  oil. 

The  uses  of  whale  oil  are  confin^  lai'gely  to  the  foUdwing: 

For  hydrogenation  purposes  to  produce  edible  products  and  fats  suitable 
for  soap  making;  for  tempering.  It  is  not  used  in  tanning  to  any  great  ex- 
tent in  this  country  although  it  has  found  favor  for  this  purpose  elsewhere. 
Hydrc^enated  Norwegian  oil  is  a  clean  product  of  unusually  h^h  quality. 
The  water  white  and  pale  brands  of  whale  oil  are  used  for  burning,  and 
for  soap  making,  the  brown  quality  being  used  for  leather  dressings. 

Dolphin  Oil.  The  oil  obtained  from  the  blubber  of  the  black  fish, 
in  its  chemical  composition,  is  intermediate  between  wh^e  oil,  a  glyceride, 
and  sperm  oil,  a  wax.  There  are  two  varieties  of  this  oil,  body  oil  and  jaw 
oil.  Both  are  of  a  pale  yellow  color,  and  contain  large  amounts  of  glycer- 
ides  of  volatile  fatty  acids.  On  standing  spermaceti  deposits.  It  is 
used  for  lubricating  fine  machinery;  such  as  watches,  and  other  delicate 
instruments. 

Porpoise  Oil.  This  oil  is  obtEuned  by  boiling  the  entire  tissue  of  the 
brown  porpoise;  it  is  of  a  pale  yellow  color,  and  consistB  of  the  glycerides 
of  valeric,  palmitic,  stearic,  and  oleic  acids.  There  are  two  varieties  of 
the  oil,  body  oil,  and  jaw  oil.    It  is  used  as  a  lubricant  for  delicate  machines. 

Terrestrial  Animal  Oils.  The  oils^of  this  class  have  a  low  iodine  num- 
ber, and  therefore,  belong  to  the  non-drying  oils. 


CONSTANTS  FOR  TERRESTRUL  ANIMAL  OILS 


Nam*  of  Oil. 

Speeifle  Qnvity. 

«"^,^"™ 

lodiD*  Vilue. 

Sheep's  foot.  . . 
Horae'B  foot. . . 

Neat's  foot 

Egg 

0.9175 

0.913-27 

0,914-19 

0.9144 

0.916 

0.7ft4 

15°  C 
15"  C 
15' C 
15°  C 
15°  C 
100°  C 

194.7 
195.9 
194.3 
184,4-190.2 
193 

74.2 
73.8-90 
68.3-70.4 
68.5-81,6 

73 
55.8-56.7 

1.4713      25° C 

LardoU 

Sheep's  Foot  Oil.  This  oil  is  obtained  from  the  feet  of  sheep  in  very 
much  the  same  manner  as  described  for  neat's  foot  oil,  it  being  simitar 
to  neat's  foot  oil,  and  is  usually  sold  as  such. 

Horse's  Fact  Oil.  As  a  rule  this  oil  is  never  placed  on  the  market  under 
its  true  name,  but  b  usually  mixed  with  sheep's  foot,  or  neat's  foot  oil. 
What  is  sold  as  horse  oil  is  the  liquid  portion  of  horae  fat.  The  odor  ia 
rarely  of  a  pleasant  character. 

Neat's^oot  Oil.  This  oil  is  obtained  by  boiling  the  feet  of  cattle  with 
water.  It  is  of  a  pale  yellow  color  and  free  from  odor.  The  commercial 
product  usually  contains  small  amounts  of  sheep's  foot  and  horses'  foot 
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oils.  On  account  of  the  high  price  of  neat's  foot  oil  it  is  often  adulterated 
with  vegetable,  fish,  or  even  mineral  oils.  The  most  common  adulterants 
are  rape  oil,  cotton  seed  oil,  com  oil,  menhaden  or  other  fish  oils,  and 
mineral  oil.  True  neat's  foot  oil  is  an  excellent  lubricating  oil,  but  its 
chief  application  is  in  leather  manufacture. 

Egg  Oil.  This  oil  may  be  obtained  by  pressure  or  extractitm  from  the 
hard  boiled  yolk  of  hen's  eggs.  The  pressed  oil  has  a  yellow  color,  while 
the  extracted  oil  is  of  an  orange  shade.  The  nature  of  the  solvent  largely 
influences  the  properties  of  the  oil  obtained;  those  most  conunonly  used 
being  ether  and  petroleum  ether.  In  the  form  of  egg-yolk  it  has  very 
valuable  properties  in  cert^  tanning  operations. 

Lard  Oil.  This  oil  is  obtuned  by  subjecting  lard  to  hydraulic  pressure. 
It  consists  in  the  main  of  olein  with  a  small  proportion  of  the  glycerides 
of  sohd  fatty  acids,  chiefly  palmitic  acid.  The  quality  of  the  oil  varies 
greatly  according  to  the  pressure  and  temperature  maintained;  hence, 
the  constants  will  vary  within  a  considerable  range.  Its  principal  use 
is  as  a  lubricant,  and  in  cutting  oils. 

TaUow  Oil.  This  oil  is  the  fluid  portion  which  is  separated  on  sub- 
jecting tallow  to  expression.  The  processes  of  manufacture  and  the  prop- 
erties of  this  oil  are  similar  to  lard  oil.  It  also  resembles  neat's  foot  oil 
but  contains  a  larger  proportion  of  saturated  glycerides  and  is  regarded 
as  leas  valuable  as  a  lubricant.  • 

Solid  Fats 

V^etable  Fats:  To  this  class  of  fats  belong  those  which  rem^  solid 
at  the  ordinary  temperature.  They  differ,  however,  very  greatly  in  con- 
sistency, ranging  from  soft  to  very  hard.  This  variation  in  hardness  is 
dependent  upon  the  amount  of  glycerides  of  oleic  and  linoleic  acids  present; 
the  smaller  the  amount  of  these  glycerides  the  harder  the  fat. 


CONSTANTS  FOR  VEGETABLE  FATS 


Nmm  oI  F«t. 

Bpeoific  Onrity. 

u^rsiSs:: 

VJm* 

RefnwU™  lodei. 

Cotton  seed  atcarine 

Palm  oil 

Vegetable  tallow 

o.giss- 

0,9230 
0.921- 

0.9245 
0.918 
0.9500- 
0.976 
0.9520 
0  9115 
0.9700- 

0.9800 

15°C 

is-c 

15'K: 
15°C 

IS^C 
40-C 
15°C 

195 

192-202 

200.3 
193.5 

242-250 
246-200 

00-103 

51.5 

28-37 
32-41 

13-14 

8-9.5 

1,4510 

1.4496 

1.4431 
1.4410 

60°C 

t.v.oogic 
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Cotton  Seed  Stearine.  His  product  is  moaufactured  on  a  very  large 
scale  by  cooling  cotton  seed  oil,  and  coUectii^  the  resulting  solid  which 
separates  out.  It  is  of  a  light  golden  color,  of  about  the  consistency  of 
butter,  for  which  it  is  used  as  an  adulterant  and  it  is  also  used  in 
makit^  margarine.    It  has  also  been  employed  as  a  lard  substitute. 

Palm  Oil.  Until  recently,  the  only  soucpe  of  this  oil  was  fnHU  the 
coast  of  Africa,  but  at  present  considerable  quantities  come  from 
the  Philippines.  Hie  oil  .is  obtained  from  the  fleshy  part  of  the  fruit  of 
the  pabn  tree.  The  process  of  making  this  oil  is  very  orude.  Either  the 
fruit  is  stored  in  holes  in  the  ground,  when  by  fennentation  the  oil  separates 
and  rises  to  the  top;  or,  the  oil  is  pressed  out  by  hand.  The  kernels  are 
not  destroyed,  and  from  them  palm  nut  oil  is  obtained.  The  fresh  oil 
has  a  deep  orange  yellow  tint  not  destroyed  by  saponifioation,  a  sweetish 
taste  and  an  odor  of  orris  root  or  violet  which  is  also  imparted  to  soap 
made  from  it.  The  methods  by  which  the  natives  obtain  the  oil  are 
crude  and  depend  upon  a  fermentation  or  putrefaction.  Large  quantities 
are  sud  to  be  wasted  because  of  this  fact.  The  oil  contains  impurities 
in  the  form  of  fermentable  fibre  and  albuminous  matter,  and  consequently 
develops  free  fatty  acid  rapidly.  Samples  tested  for  free  acid  have  been 
found  to  have  hydrolized  completely  and  it  is  seldom  one  obtains  an  oil 
with  low  acid  content.  Because  of  this  high  peroeatfw«  of  h«e  fatty 
acid,  the  glycerine  yield  is  small,  though  the  neutral  oA  should  produce 
approximately  12  per  cent  of  glycerine. 

Since  soap  made  from  palm  oil  is  colored  orange,  bleaching  before 
saponification  is  usually  required. 

Oxidation  readily  destroys  the  colorii^  matter,  while  heat  and  light 
assist  materially.  The  methods  generally  employed  are  by  the  use  of 
oxygen  developed  by  bichromates  and  mineral  acid  and  direct  bleaching 
throt^h  the  agency  of  the  oxygen  of  the  Mr. 

Bleaching  of  P(Um  Oil  witk  Bickromate.  The  chrome  process  of 
bleaching  pahn  oil  is  more  rapid  and  the  oxygen  thus  derived 
being  more  active  will  bleach  oils  which  air  alone  Is  not  able  to 
decolorize.  For  the  best  results  an  oil  should  be  chosen  containing 
imder  2  per  cent  impt^rities  and  a  low  percentage  of  free  fatty 
acids.  The  grade  of  palm  oil  known  as  L^os  oil  is  best  adapted  - 
to  these  requirements.  The  oil  is  melted  ajid  filtered  to  remove  the 
fibrous  material  and  gross  impurities.  The  oil  thus  obtained  contains 
fine,  earthy  and  fibrous  material  and  albuminous  matter  which  should 
be  removed,  as  far  as  pos^ble,  since  chemicals  are  wasted  in  their  oxida- 
tion and  the  bleaching  is  retarded.  This  b  best  done  by  boiling  the  oil 
with  wet  steam  and  a  10  per  cent  solution  of  common  salt.  After  settling 
over  night  the  brine  and  impurities  are  removed  and  the  oil  is  run  into 
the  bleaching  tank.  This  tank  is  a  lead-lined  iron  vessel  of  the  approx- 
imate dimensions  4X4X4  feet,  having  a  content  of  about  I^  tons.  The 
charge  is   about   one   ton.     The   tank   is  equipped  with  a   steam   coil 
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and  a  coil  arranged  to  allow  thorough  air  agitation,  both  coils  being  of 
lead.  These  coils  should  extend  over  the  bottom  of  the  taok  and  have 
a  number  of  small  downward  perforations.  The  temperature  of  tbe 
oil  is  reduced  to  110°  F.  by  pasdi^  in  air,  and  40  pounds  of  fine  common 
salt  per  ton  are  added.  About  one-half  of  tiie  acid  (40  pounds  of  con- 
centrate commercial  hydrochloric  acid)  is  now  poured  in  and  this  is  fol- 
lowed  by  the  sodium  bichromate  in  concentrated  solution,  previously 
prepared  by  dissolving  17  pounds  of  bichromate  in  45  pounds  commercial 
hydrochloric  acid.  This  solution  should  be  added  slowly,  the  whole 
mass  meanwhile  b^ng  thoroughly  agitated  with  air  and  for  one  hour 
after  the  last  of  the  bleachii^  mixture  has  been  introduced.  The  batch 
is  allowed  to  settle  and  the  exhausted  chrome  liquors  are  then  run  off. 
Water  is  run  into  the  bleached  oil  and  the  temperature  r^sed  by  open 
steam  to  150°  to  160°  F.    The  mass  is  then  allowed  to  settle. 

Air  Bleaching  of  Palm  OH.  The  method  of  conducting  this  process  is 
identical  with  the  chrome  process  to  the  point  where  the  chemical  bleaching 
agents  are  to  be  added  to  tbe  oil.  In  this  method  these  are  unnecessary,  as 
the  active  bleachii^  agent  is  the  oxygen  of  the  air.  The  equipment  is  sim- 
ilar to  that  above,  except  that  a  wooden  tank  in  which  no  iron  is  exposed 
will  suffice  to  contfun  the  oil.  The  rapidity  of  the  process  depends  upon 
the  amount  of  air  blown  through  the  oil  and  its  even  distribution. 
Iron  should  not  contact  with  the  oil  during  bleaching,  as  it  retards  the 
process  conmderably.  After  the  impurities  have  been  removed,  as 
outlined  above,  the  temperature  of  the  oil  is  raised  by  open  steam. 
The  steam  is  then  shut  off  and  air  is  allowed  to  blow  through  the  oil  until 
it  is  sufficiently  bleached,  the  temperature  being  maintained  above 
150°  F.  by  occaaonally  passing  in  steam.  Usually'  the  oil  completely 
bleached  after  air  has  been  passed  through  it  for  18  to  20  houTB,  provided 
the  oil  is  thoroughly  agitated  by  a  sufficient  flow  of  air.  When  the 
oil  has  been  bleached  to  the  desired  color,  (which  can  be  determined 
by  removing  a  sample  and  cooling)  the  mass  is  allowed  to  settle,  the  water 
run  off  to  a  waste  tank  from  which  any  entruned  oil  may  be  skimmed 
off  and  the  supernatant  clear  oil  run  to  storage  tanks.  While  this 
process  consumes  more  time,  and  is  not  as  efficient  in  bleaching  the 
lower  grades  of  Oils,  the  cost  of  bleaching  is  less  and  with  a  good  oil 
success  is  more  probable,  as  there  are  no  chrome  liquors  present  to  con- 
taminate the  oil.  These,  if  present,  would  give  the  bleached  oil  a  green 
tint  when  the  chrome  method  is  improperly  conducted.  Instead  of 
blowing  the  fur  through  the  heated  oil  the  latter  may  be  brought  into 
contact  with  the  air,  either  by  a  paddle  wheel  arrangement,  or  by  pump- 
ing the  oil  into  an  elevated  vessel,  pierced  with  numerous  fine  holes  from 
which  the  oil  continuously  flows  back  into  the  vessel  from  which  it  is 
being  pumped. 

Palm  oil  is  much  prised  as  a  soap  material  and  finds  some  use 
as  a  flux  in  the  manufacture  of  tinned  iron  (sheet  tin).    It  has  been 
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proposed  aa  an  additioD  to  oleomargarine  to  tiot  the  latter  a  yellow 
color. 

Vegetable  TaUow.  ■  From  the  fruit  of  the  ChineBe  tallow  tree  is  obtuned 
a  hard  fat.  The  fruit  is  steamed  in  perforated  vessels,  in  which  the  fat 
melts  and  is  run  off.  Tlie  remaining  seeds  are  then  pressed  and  "  Stillingia 
oil  "  obtained-  Another  process  is  also  employed  in  which  the  whole 
fruit  is  crushed  and  pressed,  thus  yielding  a  mixture  of  vegetable  tallow 
and  Stillingia  oil.  , 

Cocoa  BiUler.  The  cocoa  beans  are  roasted,  ground,  treated  with 
sodium  carbonate  and  hot  pressed.  When  freshly  prepared  cocoa  butter 
has  a  yellowish  color,  but  it  turns  white  on  standing.  It  has  a  pleasant 
odor  and  agreeable  taste,  and  is  less  likely  than  almost  any  other  fat 
to  go  rancid.  It  is  used  in  confectionery,  medicine,  toilet  creams,  and 
soaps. 

Palm  Kernel  Oil.  This  oil  as  indicated  above,  is  obtained  from  the 
kernels  of  the  palm  tree  fruit.  After  the  fleshy  part  of  the  fruit  is  removed 
the  kernels  are  collected,  screened,  ground  to  a  pulp  and  subjected  to 
hydraulic  pressure.  It  is  a  white  oil,  and  when  fresh  has  a  pleasant 
odor  and  nutty  taste.  It  is.  used  very  lai^ely  for  soap  making,  and  in 
the  pure  condition  it  is  employed  for  edible  purposes.- 

"  Stearin "  from  palm  kernel  oil  is  produced  commercially  of  a 
somewhat  higher  meltii^  point  than  that  from  cocoanut  oil,  and  the 
"  olein  "  may  have  a  lower  melting  piont  than  that  of  cocoanut  "  olein." 
There  has  been  a  prevailing  belief  that  the  keeping  properties  of  palm 
kernel  products  were  not  as  good  as  those  of  cocoanut  oil,  but  owing  to 
improved  methods  of  refining,  this  difference  no  longer  exists. 

CocoaTiut  (HI,  The  source  of  this  oil  is  the  fruit  of  the  Cocos  nucif era 
(The  ordinary  cocoanut  tree).  The  husk  of  the  nut  is  removed  by 
hand.  The  nut  is  split  in  two  and  Is  dried  in  the  sun,  which  requires  two 
or  three  days.  The  shell  comes  off  soon  after  the  dry  ing  has  commenced. 
The  dried  meat  is  termed  copra.  Large  quantities  of  copra  are  pre- 
pared by  dryii^  in  kilns,  but  the  color  is  usually  darker  when  so  treated. 
The  copra  graierally  is  shipped  and  pressed  at  a  place  near  the  point 
of  consumption  to  avoid  loss  of  oil  by  leakage  In  tran^t  and  to  save  the 
expense  of  containers.  'Tlie  oil  is  a  solid,  white  fat  'at  ordinary  tem- 
perture,  having  a  bland  taste  and  the  characteristic  cocoanut  odor. 
It  is  rarely  adulterated  and  ia  very  readily  saponified.  In  recent  years 
the  price  of  this  oil  has  increased  nmterially  because  cocoanut  oil  is  now 
being  used  extenavely  for  edible  purposes,  es5)ecially  in  the  making  of 
oleomargarine  and  bakers'  fats.  Present  indications  are  that  shortly  very 
little  high  grade  oil  will  be  employed  for  soap  manufacture  since  the 
demand  for  it  in  oleomargarine  manufacture  is  steadily  increasing  and  since 
new  methods  of  refining  the  oil  for  this  purpose  are  constantly  b^ng  devised. 

The  oil  is  found  In  the  market  under  three  different  grades:  (1) 
Cochin  cocoanut  oil,  the  choicest  oil  coming  from  Cochin    (Malabar). 
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This  product,  being  more  carefully  cultivated  and  refined  than  the  other 
grades,  is  whiter,  cleaner  and  contuns  a  smaller  percentage  of  free  acid 
than  the  other  grades.  (2)  Ceylon  cocoanut  oil,  coming  chiefly  from 
Ceylon,  ia  usually  of  a  yellowish  tint  and  more  acrid  in  odor  than  Cochin 
oil.  (3)  Continental  cocoanut  oil  (copra).  This  product  is  geoerally 
superior  to  the  Ceylon  oil  and  may  be  used  ae  a  very  satisfactory  sub- 
stitute for  Cochin  oil,  in  soap  making  for  example,  provided  it  is  low 
in  free  acid  and  of  good  color. 

Cocoanut  oil  has  a  saponification  value  of  246~2C0,  an  iodine  value  of 
8-9.5  and  the  melting  point  ia  approximately  22°  C.  By  pressing,  cocoar 
out  oil  oleio  and  stearin  are  prepared  and  the  refined  stearins  are  lar^Iy 
used  as  cocoas-butter  substitutes  in  the  manufacture  of  chocolate  and 
biscuits,  also  for  pharmaceutical  purposes.  The  refined  olein  finds  use 
as  a  baking  fat  in  biscuits  and  pastry.  The  whole  oU  is  customarily 
used  in  making  margarine.  "  Nut  oil "  and  "  nut  butter  "  usually  have 
cocoanut  oil  as  their  basis. 

Japof}  Wax.    See  under  waxes. 

Shea  Butter  (Shea  nut  oil).  This  is  a  stiff,  plastic  fat  somewhat 
granular  and  occasionally  of  a  "  stringy "  nature.  It  contains  from 
5  to  10  per  cent  of  unsaponifiable  matter.  The  refined  fat,  which  can  be 
rendered  practically  tasteless  and  odorless,  finds  an  increasing  use 
abroad  for  edible  products. 

Animal  Fats.  Under  this  head  are  included  those  solid  fats  which  are 
derived  from  animal  tissues.  They  vary  in  d^ree  of  hardness  according 
to  the  amount  of  the  glycerides  of  unsaturated  fatty  acids  present,  those 
with  the  higher  amount  bmg  the  softer. 

Although  only  non-drying  fats  will  be  considered  it  may  be  well  to 
state  that  certain  animal  fats  have  quite  pronounced  drying  qualities. 

CONSTANTS  FOR  ANIMAL  FATS 


SuMolFtt. 

Specific  Omvity. 

i-iar 

RcfrMOve  Indni. 

0.9189 
0.934-0.938 
0.943-0.952 

0.937 
0.926-0,946 

15' C 
15°  C 
15-0 
15' C 
15°  C 

200.5 

193.5 

190.9- 

193.2-200 

192-195.2 

81-2 
66  7 
46-55 
38-46 
35-46 

1,4510 
1.4510 

l^rA 

Beef  tallow 

Mutton  talkm 

60°  C 
60°  C 

TaUow  is  the  name  given  to  the  fat  extracted  from  the  solid  fat  or 
"  suet "  of  cattle,  sheep  or  horses.  The  quality  varies,  depending 
upon  the  season,  the  food  and  age  of  the  animal  and  the  method  of  ren- 
dering. It  comes  to  the  market  under  the  classification  of  edible  and 
inedible,  and  is  more  ^}ecifically  identified  as  beef  tallow,  mutton  tallow 
or  horse  tallow.    The  better  quality  is  nearly  white  and  grows  whiter 


;,V.OOglC 


680  INDUSTRIAL  CHEMISTRY 

upon  exposure  to  air  and  light,  though  it  usually  has  a  slightly  yellowish 
tint.  It  has  a  well  defined  grain  and  clean  odor.  It  consists  chiefly  of 
stearin,  palmitin  with  some  olein.  Tallow  is  by  far  the  most  extensively 
used  and  important  fat  in  the  makii^  of  soap,  but  by  means  of  the 
hydrogenation  process,  tallow-like  products  are  now  being  made  from 
vegetable  oils  as  well  as  fish  and  whale  oils  which  are  beginning  to  replace 
tallow  in  soap  making. 

Beef  Tallow.  The  fat  from  different  parte  of  the  animal  are,  as  a  rule, 
not  kept  separate  during  the  rendering,  except  when  the  tallow  is  to  be 
used  in  making  oleomargarine.  In  this  case  selected  fat  is  rendered  at 
as  low  a  temperature  as  possible.  The  oleo  stock  which  is  obtained 
is  usually  clarified,  as  by  washing  with  weak  brine.  The  oil  is  allowed 
to  grain  and  is  then  pressed.  The  fat  which  is  expressed  sets  to  a  soft 
buttery  consistency  and  is  known  as  oleo  or  oleo  oil.  The  residue  is  in 
the  form  of  hard  cakes  and  is  termed  oleo  stearin  or  beef  stearin.  In 
cold  weather,  when  a  more  liquid  oleo  oil  is  required,  the  pres^ng  is 
not  as  thorough,  so  that  both  products  are  softer  and  the  yield  of  stearin 
is  greater.  All  the  other  fatty  portions  of  the  animal  are  rendered  to 
produce  the  maximum  yield  of  fat.  These  form  the  various  grades  of 
tallow,  most  of  which  goes  to  the  soap  maker,  but  some  of  the  better 
grades  are  employed  for  edible  purposes.  When  fresh,  beef  tallow  is 
nearly  white,  odorless  and  almost  tasteless,  but  the  lower  grades  have  a 
strong  odor  and  flavor.  A  considerable  quantity  of  tallow  finds  applica- 
tion in  preparing  lubricating  greases,  and  leather  dressings. 

Mutton  T<dhw.  As  a  rule  mutton  tallow  is  harder  than  beef  tallow, 
nltbough  in  other  respects  it  is  very  ramilar  to  it.  The  methods  of  render- 
ing are  ^out  the  same  as  for  beef  tallow.  Mutton  tallow  tends  to  turn 
rancid  on  keeping,  and  hence  is  not  often  employed  in  butter  sub- 
stitute manufacture  nor  preferred  in  high  grade  toilet  soat^. 

Horse  Fats.  When  in  a  fresh  condition  horse  fat  is  of  a  yellowish  color, 
of  a  butteiy  consistency,  and  neutral  in  reaction.  On  being  allowed  to 
stand  for  some  time  it  separates  into  solid  and  liquid  portions.  It  is  now 
a  commercial  article  owing  to  the  lai^e  consumption  of  horse  meat.  In 
some  localities  it  is  used  for  edible  purposes  in  place  of  lard;  its  chief 
use,  however,  is  in  the  manufacture  of  soap. 

The  bleachii^  of  tallow  is  often  practiced  and  fuller's  earth  is  useful 
for  this  purpose.  The  following  procedure  shows  the  method  employed. 
A  quantity  of  tallow  is  melted  and  charged  into  the  bleaching  tank. 
The  latter  is  steam  jacketed  and  is  provided  with  a  mechanical  a^tator 
or  a  coil  for  stirring  by  compressed  air.  The  tallow  is  heated  to  82° 
C.  and  10  pounds  of  dry  salt  per  ton  of  fat  is  added  and  thoroughly  mixed 
by  a^tation.  The  salt  coagulates  any  albumen  and  dehydrates  the 
fat.  The  whole  mass  is  allowed  to  settle  for  several  hours.  Any  brine 
which  has  separated  is  drawn  oif  from  the  bottom  and  the  temperature 
of  the  fat  then  raised  to  71°  C.     Fuller's  earth  to  the  extent  of  5  per  cent 
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of  the  weight  of  the  tallow  is  added  and  the  whole  maas  agitated  about 
thirty  minutes. 

The  bleached  fat,  contdning  the  earth  is  pumped- directly  to  a  pre- 
viously heated  filter  press  and  the  issuii^  clear  oil  may  be  run  directly 
to  the  soap  kettle. 

One  of  the  di£Qculties  experienced  in  the  operation  is  the  heating 
of  the  press  to  a  temperature  sufficient  to  prevent  solidification  of  the  fat 
without  raising  the  filter  press  to  too  great  a  temperature.  To  overcome 
this  the  first  plate  is  heated  by  wet  steam.  Air  delivered  from  a  blower 
and  heated  by  [)assage  through  a  series  of  coils  raised  to  a  high  temperature 
is  then  substituted  for  the  steam.  The  moisture  produced  by  the  condensa- 
tion of  the  steam  is  reconverted  to  vapor  by  the  hot  air  and  is  carried 
on  gradually  to  each  succeeding  plate  where  it  condenses  and  again 
vaporizes.  In  this  way  a  small  quantity  of  water  is  carried  through 
the  entire  press,  raising  ite  temperature  to  S0°-100'*  C  Tiiis  tem- 
perature is  subsequently  mainlined  by  the  passage  of  hot  air.  By  this, 
method  of  heating,  the  poor  conductivity  of  hot  air  is  overcome  through 
the  intermediary  action  of  water  vapor  and  the  latent  heat  of  steam 
is  utiUzed  to  obtain  the  initial  rise  in  temperature.  The  cake  in  the  press 
is  heated  for  some  time  after  the  filtration  is  complete  to  assist  drainage. 
After  such  treatment  the  press  cake  should  contain  approximately  15 
per  cent  of  fat. 

Lard.  By  rendering  the  fat  which  surrounds  the  kidneys  and  bowels 
of  the  pig  a  product  is  obtfuned  known  as  "  leaf  lard."  This,  however, 
constitutes  only  a  small  portion  of  the  product  sold  under  this  name. 
The  following  grades  are  rect^nized  in  the  trade:  Neutral  lard  No.  1 
which  is  prepared  by  rendering  th;  leaf  in  a  fresh  condition  at  a  temper- 
ature of  50°  C.  This  is  used  m  the  manufacture  of  "  oleomargarine  "; 
neutrai  lard  No.  S  which  b  obtained  by  rendering  the  back  fat  in  the  same 
way  as  No.  1.  It  b  used  by  confectioners  and  biscuit  makers.  Leaf 
lard  is  obtained  by  subjecting  the  residue  from  neutral  lard  to  steam  heat 
under  pressure.  Choice  kettle^endered  lard  is  prepared  from  the  residue 
of  neutra]  lard  No.  1  by  heating  it,  tc^ther  with  fat  from  the  back, 
in  steam-jacketed  open  kettles.  Prime  steam  lard  is  the  product  obtwned 
from  other  parts  of  the  hog  by  rendering  m  tanks  by  direct  application 
of  steam. 

Lard  is  of  a  pure  white  color  and  has,  at  ordinary  temperature,  a 
salve-like  consistence.  It  is  often  admixed  with  beef  fat,  beef  stearin, 
cotton  seed  oil,  cotton  seed  stearin,  and  other  vegetable  fats  and  the 
composition  employed  as  a  substitute  for  pure  lard. 

Lard  "  Compound "  is  made  in  enormous  quantities  by  thickening 
edible  cotton  seed  oil  with  oleo  stearine  so  as  to  obtain  a  product  of  lard- 
like  consistency.  Stearin  from  other  sourees  similarly  may  be  used  as  a 
thickener  or  stiffener  and  hydrogenated  cottonseed  oil  or  "  vegetable 
stearin  "  is  now  being  used  for  this  purpose. 
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Butler  Fat.  This  product  is  obtained  from  the  fat  contained  in  cow's 
milk,  and  b  used  entirely  for  edible  purposes. 

Buttei  Substitutes.  Itie  butter  substitutes  on  the  market  con^at 
of  mixtures  of  animal  fats  and  vegetable  fats  and  oils.  Tl^ey  are  some- 
times colored  yellow  with  annatto  or  oil  soluble  yellow.  More  often 
no  colorii^  agent  is  used,  as  the  tax  on  the  colored  is  much  greater  than 
on  the  uncolored.  The  animal  fate  are  oleomargarine  "  oleo  oil,"  or  neutral 
lard.  The  vegetable  oils  used  are,  generally,  cotton  seed  oil  and  cotton 
seed  stearine.  Hydrogenated  oils  are  beginning  to  be  used.  In  the 
manufacture  of  oleom^arine  the  freshest  materials  are  employed,  great 
cleanliness  being  necessary.  Methods  of  preparing  the  oil  basis  as  well 
as  the  procedure  of  working  this  into  oleomargarine  vary  considerably, 
but  the  foUowii^  will  illustrate  the  character  of  the  operation.  Kidney 
fat  is  removed  from  the  slaughtered  animal  aa  quickly  as  possible,  care- 
fully selected,  washed  with  warm  water,  and  thoroughly  cleaned.  This 
selected  fat  is  then  rapidly  cooled,  cut,  shredded  and  ground  in  a  roller 
mill.  The  fat  thus  disintegrated  is  placed  ia  tin-lined  steam-jacketed 
kettles  and  heated  to  45°  C,  at  which  temperature  a  portion  of  the  fat 
separates.  The  mass  is  clarified  by  sprinkling  in  salt  and  the  liquid  por- 
tion is  run  off  into  shallow  tin-lined  pans;  on  cooling  the  bulk  of  the 
atearine  crystallizes.  The  cooled  mass  is  then  subjected  to  hydraulic 
pressure  and  oleo  oil  is  collected. 

The  oleo  oil,  is  churned  with  the  vegetable  oils  and  fats,  and  witli 
"  pasteurized  "  skim  milk.  The  object  of  churning  is  to  overcome  the 
tendency  of  the  oleomargarine  to  crystallize.  From  the  chum  the  mar- 
garine is  run  into  cooling  tanks  where  it  comes  in  contact  with  ice  water. 
The  solid  mass  thus  obtained  is  worked  m  a  kneading  machine  to  remove 
the  water,  and  it  is  here  colored,  and  salted  to  taste.  Some  manu- 
facturers also  add  "  butter  flavor  "  which  consists,  for  example,  of  a 
mixture  of  propionic  acid,  butyric  acid  and  caproic  acid  or  ethers.  This 
also  makes  the  margarine  upon  analysis  appear  more  like  pure  butter. 

Edible  oils  and  edible  fats  are  defined  by  the  Department  of  Agricul- 
ture as  such  glycerides  of  the  fatty  acids  as  are  recognized  to  be  whole- 
some foods.     They  are  dry  and  sweet  in  flavor  and  odor. 

Liquid  Waxes 

Sperm  Oil.  The  most  important  member  of  this  class  is  sperm  oil, 
which  b  obtained  from  the  head  and  blubber  of  the  sperm  whale.  The 
head  oil,  which  b  the  more  valuable,  when  first  separated  b  clear  and  limpid, 
but  changes  to  a  hard  mass  on  standing.  The  body  oil  when  fresh  b  of 
a  light  straw  color.  The  two  oils  sometimes  are  mixed  together  and 
allowed  to  stand  for  two  weeks  before  refimng.  The  solid  portion  which 
separates  b  removed  from  the  oil  by  subjectii^  to  hydraulic  pressure  at 
32°  F.  whereby  a  clear  oil  is  obtfuned  known  as  "  winter  sperm  oil." 
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llie  press  cake  is  then  warmed  to  about  50°  F.,  and  again  pressed,  thus 
giving  "  spring  sperm  oil."  The  residue  from  the  second  pressing  is  allowed 
to  stand  for  several  days  at  a  temperatrue  of  about  80°  F.  It  is  then 
subjected  to  hydraulic  pressure,  whereby  "  tau^sperm  oil  "  is  the  result. 
The  oils  obtained  from  these  three  pressings  vary  in  color  from  pale  yellow 
for  the  refined  oil  to  brown  in  the  last  named  product.  No.  1  sperm 
oil  is  a  high  grade  of  body  oil  and  is  very  pale,  almost  water  white  la  color. 
tie.  2  sperm  oil  is  darker  and  usually  has  an  orange  color. 

The  specific  gravity  of  sperm  oil  at  15°  C.  varies  from  0.8799  to  0.S835; 
(0.8820  being  a  fair  average  value)  its  saponification  value  from  125.2 
to  132.6;  and  its  iodine  value  from  81  to  90,  It  is  used  as  a  lubricating 
oil  and  in  leather  finishes.  The  extent  of  the  latter  use  depends  upon 
the  price  of  lard  oil.     Sperm  oil  contains  practically  no  glycerine. 

The  term  "  spermaceti  "  is  sometimes  commercially  iwed  to  refer 
either  to  the  head  oil  containing  spennaceti,  or  to  the  head  oil  with  its 
content  of  spermaceti  mixed  with  a  certain  amount  of  body  oil. 

Solid  Wa:xes 

Camavba  Wax.  This  is  a  very  hard,  sulphur-yellow,  or  yellowish- 
green  substance,  melting  at  about  84°,  of  nearly  the  same  specific  gravity 
as  water,  and  leaving,  on  ignition,  a  triflii^  quantity  of  ash,  which  often 
contains  iron  oxide.  It  is  a  wax  which  exudes  from  the  leaves  of  the 
Corypha  cerifera,  a  palm  tree  growing  in  Brazil  and  a  few  other  South 
American  countries.  The  white  powdery  mass  which  is  scraped  off  from 
the  sun-dried  leaves  is  thrown  into  boiling  water,  thus  melting  the  wax 
which  collects  as  a  solid  mass  on  cooling.  The  crude  product  is  dark 
in  color,  but  on  refining  becomes  much  lighter.  It  has  a  specific  gravity 
of  from  0.993  to  0.999;  the  saponification  value  being  from  79  to  95; 
'  and  the  iodine  number  about  13.5.  When  heated  the  wax  gives  off  an 
agreeable  aromatic  odor.  The  principal  use  of  camauba  wax  is  in  floor 
waxes,  pohshing  pastes  and  for  raising  the  melting  point  of  soft  waxes. 
It  is  sometimes  used  in  phonograph  cylinders  and  for  candlemaking. 

CanddiUa  Wax.  This  wax  is  found  coating  the  surface  of  a  plant 
which  grows  in  great  abundance  in  the  northwest  of  Mexico  and  Southern 
Texas.  The  common  name  given  to  this  plant  by  the  Mexicans  is 
candelilla.  According  to  competent  botanical  authorities  it  is  in  all  prob- 
ability euphorbia  antisyphilitica.  The  plant  (which  is  reported  to  be 
abundant  over  large  areas  of  this  section  where  it  grows  as  bunches  of 
leafless,  reed-like  stems  2  to  4  feet  high  and  from  \  io\  inch  in  diameter) 
b  covered  with  waxy  scales  which  appear  to  have  the  function  of  sealing 
moisture  within  the  plant  structure.  The  wax  is  partly  in  combination 
with  lime,  and  extraction  is  effected  by  boiling  with  a  2  per  cent  solution 
of  sulphuric  acid.  Several  factories  are  operating  in  Southern  Texas 
and  in  the  Chihuahua  r^on  of  Mexico.     The  wax  may  also  be  obtained 
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by  immersing  the  plant  in  boiling  water  when  the  wax  separates  and  rises 
to  the  surface.  Obtained  in  this  manner  it  is  usually  of  a  dark-brown 
color  due  to  the  presence  of  minute  fragments  of  bark  and  other  foreign 
matter.  When  refined  the  wax  is  opaque  to  translucent  and  of  a  brownish 
yellow  color.  The  wax  is  harder  than  beeswax  but  not  as  hard  and  brittle 
as  camauba  wax.  The  specific  gravity  of  the  well-refined  wax  is  .983,  melt- 
ing point  67-68,  saponification  value  65,  iodine  number  37,  and  the  re- 
fractive index  1.4555  at  71.5°  C.  Candetilla,  like  camauba  wax,  is  used*in 
polishing  compositions  and  for  raising  the  melting-point  of  softer  waxes. 

Japan  Wax.  This  is  a  hard  tallow-like  mass  which  surrounds  th$ 
kernels  of  the  berries  of  several  varieties  of  sumach  trees  found  in  China 
and  the  western  provinces  of  Japan.  The  berHes  are  collected  and  stored 
until  they  have  fully  matured,  then  are  crushed  and  winnowed  to  sep- 
arate the  husks.  The  powdered  mass  so  obtained  is  put  into  sacks  and 
subjected  to  pressure.  The  berries  yield  from  15  to  25  per  cent  of  a 
greeniBh,  tallow-like  mass  which  is  refined  by  remelting  and  filtration. 
The  wax  is  bleached  by  exposure  to  sunlight,  just  as  is  done  in  the  case 
of  beeswax,  Japan  wax  brought  to  this  country  is  usually  of  a  pale 
yellow  color  and  althoi^h  quite  hard  has  a  slightly  sticky  feel  and  possesses 
a  characteristic  odor.  When  the  wax  has  been  kept  for  a  long  period 
it  acquires  a  rancid  smell.     It  is  said  that  perilla  oil  is  used  as  an  adulterant. 

Japan  wax  con^sts  chiefly  of  palmitio  and  free  palmitic  acid.  The 
free  fatty  acids  vary  conaderably,  but  range  from  4  to  12  per  cent  or 
higher.  The  specific  gravity  ranges  from  0.975  to  0.984.  The  sapon- 
ification value  is  about  220  and  the  iodine  number  from  4  to  15.  Being 
a  glyceride  Japan  wax  is  readily  distinguished  from  the  true  waxes  by 
its  saponification  value  and  by  yielding  glycerine  on  saponification,  T^e 
wax  is  somet.mes  adulterated  with  a  considerable  proportion  of  water 
ran^ug  as  high  as  30  per  cent.  Its  principal  use  is  in  fioor  waxes,  as  a 
constituent  of  various  polishes  and  dresEdngs  and  in  finishing  leather.' 

Chinese  Wax.  This  material,  also  known  as  insect  wax,  is  a  secretion 
of  an  insect  inhabiting  a  variety  of  evergeen  tree  found  in  China.  The 
wax  is  yellowUh  white  In  color  and  is  nearly  odorless  and  tasteless.  It 
resembles  spermaceti  in  appearance,  but  is  conaderably  harder.  Insect 
wax  is  used  for  making  candles,  for  polishing  purposes  and  as  mzing  for 
paper  and  cotton  goods,  but  on  account  of  its  extensive  use  in  China 
it  does  not  find  its  way  to  our  country  to  a  large  extent. 

Myrtle  or  Bayberry  Wax.  The  wax  is  obtained  by  boilii^  the  berries 
of  various  species  of  Myrica  with  water.  The  wax  has  a  green  color  due 
to  chlorophyll,  but  may  be  bleached  on  exposure  to  sunhght  or  air.  The 
fatty  acids  of  this  waxy  material  conMst  chiefly  of  palmitic  acid.  The 
saponificatJOQ  value  is  205  and  the  iodine  number  Z-4.  The  wax  is  prised 
for  use  in  the  manufacture  of  so-called  bayberry  tallow  candles.  The 
production  of  these  candles  forms  a  minor  industry  on  Cape  Cod,  Mass., 
and  elsewhere. 
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Wool  Wax,  LatioUn.  Id  the  scouni^  of  wool,  preparatory  to  BpinoiDg, 
a  product  called  wool  fat  or  wool  wax  is  obtained.  This  itt  usually 
removed  from  the  fleece  with  aolvents.  The  crude  product  finds  applica- 
tion in  the  currying  of  leather;  while  the  purified  product  "lanolin" 
is  used  in  pharmaceutical  preparations.  The  preparation  of  lanolin  is 
a  complicated  operation  and  much  fiecrecy  is  maintained  with  r^ard  to 
the  precise  methods  employed.  In  addition  to  wool  fat  of  this  character 
there  is  also  a  so-called  degras  which  is  recovered  from  the  suds  of  wool 
washing  machines  and  contains  the  fatty  acids  of  the  soaps  used  in  scour- 
ing the  wool.  Mixtures  of  wool  fat  and  degras  with  stearin  and  some- 
times paraffin  wax  are  found  in  the  market  under  various  trade  names  and 
find  their  chief  use  in  the  leather  industry.  A  good  grade  of  lanolin  is 
now  made  in  this  country. 

Beeswax.  This  product  is  secreted  by  the  honey  bee,  and  serves  as 
the  material  for  building  up  the  honeycomb.  The  comb  is  melted  in 
hot  water,  strained  to  remove  impurities,  and  subjected  to  hydraulic 
pressure.  The  press  cake  is  boiled  a  second  time  and  agaia  pressed. 
Beeswax  ia  of  a  yellow  color,  and  practically  tasteless. 

Spermaceti.  This  wax  occurs  in  the  head  cavity  and  the  blubber  at 
the  sperm  whale.  Its  method  of  preparation  is  indicated  under  sperm 
oil  of  which  it  constitutes  the  lai^est  part  of  the  solid  portion.  In  the 
refined  condition  it  forms  white  lustrous  masses,  is  very  brittle  and  can 
be  easily  rubbed  into  a  powder.  Its  chief  use  is  in  the  manufacture  of 
candles. 

Shellac  Wax.     In  bleaching  shellac  the  raw  lac  is  dissolved  in  aqueous  . 
alkali  and  a  hard  waxy  material  separates  which  is  much  prized  for  use 
in  polishing  compositions  and  shoe  blackings.     The  wax  resembles  car- 
nauba  wax  in  polishing  qualities.     Shellac  wax  possesses  a  brown  to  yellow 
color  and  when  heated  gives  off  an  odor  suggestive  of  shellac. 

MorUan  Wax.  By  extraction  of  the  lignites  found  in  Saxony  and 
Thuringia  by  means  of  volatile  solvents,  a  waxy  material  known  as 
montan  wax  is  obtained.  The  crude  wax  is  of  a  dark  brown  color,  but 
by  distillation  with  superheated  steam  a  white  or  nearly  white  product 
melting  above  70°  C,  is  obtained.  Montan  wax  is  finding  a  constantly 
increasing  field  of  application  as  a  substitute  for  camauba  wax  in  shoe 
polishes  and  other  polishing  preparations  and  for  raising  the  melting- 
point  of  softer  waxes.  For  some  purposes  it  is  preferred  to  camauba  wax 
owing  to  ita  lighter  color. 

Non4nflammable  Artificial  Wax.  The  substances  to  which  have  been 
given  the  trade  names  of  Halowax  Oil  and  Halowax,  are  chlorine  sub* 
stitution  products  of  naphthalene  having  the  properties  of  non-inflamma- 
bility, high  boiling  points,  and  a  wide  range  of  melting  points.  One  of 
them,  Halowax  Oil,  remains  fluid  at  very  low  temperatures,  and  is 
heavier  than  water.  The  others  are  wax-like  substances,  some  highly 
crystaUine  and  others  nearly  amorphous;    they  have  a  faint  aromatic 
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odor  sometimes  suggestive  of  naphthalene.  All  of  these  are  Insoluble 
in  water  and  are  quite  inert  to  most  aqueous  acid  and  alkaline  solutiona. 
They  are  more  or  less  soluble  in  common  oi^nic  solvents,  such  as  benzol, 
carbon  t«tra  chloride,  acetylene  tetra  chloride,  gasolene,  naphtha,  acetone, 
hot  alcohol,  etc.  They  are  all  good  solvents  for  sulphur  and  chloride  of 
sulphur  when  heated  therewith.  The  melting  point  of  the  solid  forms 
varies  between  60°  C.  and  135*  C.  The  boiling  point  varies  between 
260"  C.  and  400°  C.  They  are  all  good  electrical  insulators.  When  in 
the  fluid  or  molten  state,  they  are  of  very  low  viscosity  and  readily  impreg- 
nate cellular  tissues  and  porous  bodlee.  Wood  and  fabric  when  impr^- 
nated  with  these  bodies  become  non-inflammable.  The  higher  chlorinated 
products  are  especially  ef£cient  in  rendering  organic  bodies  non-inflam- 
mable. A  notable  property  of  some  of  these  chlorination  products 
is  their  small  contraction  during  solidiiicatiou,  and  their  low-coefficient 
of  expansion,  compared  with  natural  waxes. 

For  a  more  detailed  account  of  the  properties,  preparation  and  uses  of 
oils,  fats  and  waxes  consult  "  Chemical  Technology  and  Analysis  of  Oils, 
Fats  and  Waxes,"  J.  Lewkowitsch,  Fourth  Edition,  1909,  and  Volume 
I  of  Fifth  Edition.     Macmillan  A  Co. 

Bleaching  Oils  with  Fuller's  Earth.  So  extensive  has  the  practice  of 
using  fuller's  earth  as  a  bleaching  agent  become  that  this  earth  is  by  far 
the  most  important  oil  bleachii^  medium  employed  at  the  present  time. 

Fuller's  earth  is  a  variety  of  clay  that  has  high  capacity  for  adsorb- 
ing basic  colors  and  can  remove  these  colors  from  solution  in  animal, 
vegetable,  or  mineral  oils,  as  well  as  from  some  other  liquids,  especially 
water.  It  b  valuable  when  its  adsorptive  powers  are  strong  enough 
to  permit  it  to  compete  actively  with  fuller's  earth  already  accepted 
as  of  standard  quality  for  refinii^  oils. 

Analyses  of  various  samples  of  fuller's  earth  vary  so  greatly  that 
chemical  analyses  are  now  well  understood  to  be  no  criterion  what- 
ever in  determining  whether  or  not  a  particular  clay  shall  be  classified 
as  a  fuller's  earth.  Like  all  other  clays,  fuller's  earth  is  a  hydrous, 
aluminium  silicate  containing  small  proportions  of  other  substances. 
Most  fuller's  earths  contain  a  higher  percentage  of  water  of  compoM- 
tion  than  most  clays,  but  this  water  is  not  an  essential  factor  in  the 
bleaching  properties  of  all  fuller's  earths;  some  bleach  fully  as  well 
aft«r  it  has  been  driven  off  as  before,  and  others  lose  much  of  their 
bleaching  power  when  this  water  is  removed. 

Though  samples  of  fuller's  earth  from  different  parts  of  any  one  deposit, 
or  indeed  from  any  one  locality,  are  much  alike,  samples  from  different 
localities  are  so  different  in  their  physical  properties  that  it  is  by  no  means 
easy  to  classify  them.  To  determine  whether  or  not  a  particular  clay 
is  a  fuller's  earth  is  no  simple  matter,  for  its  bleaching  power  is  prac- 
tically the  only  characteristic  by  which  it  may  be  identified. 

The  range  of  specific  gravity  of  fuller's  earth  is  much  the  same  as 
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that  of  other  clays,  although  the  apparent  specific  gravity  varies 
widely,  owing  to  variations  in  porosity.  Fuller's  earth,  aa  a  rule,  is 
lighter  and  more  porous  than  other  clays.  However,  both  the  English 
earth  and  the  Arkansas  earth,  when  dry,  are  fully  as  dense  as  ordinary 
clay.  The  volume  that  a  pven  weight  of  fuller's  earth  occupies  varies 
widely,  and  a  cubic  foot  of  dry,  ground  fuller's  earth  from  Georgia  or 
Florida  weighs  only  a  little  more  than  half  as  much  as  a  similar  volume 
of  Ei^Iish  or  Arkansas  earth.  This  fact  should  be  taken  into  careful 
consideration  in  applying  fuller's  earth  to  the  bleaching  of  oils,  for  if  the 
same  measures  are  used  in  a  comparative  test  of  different  fuller's  earths 
no  valid  conclusions  can  be  reached. 

Most  samples  of  fuller's  earth  give  more  or  less  taste  and  odor  to 
edible  oils  but  they  vary  greatly  in  this  respect.  For  many  years  the 
English  earth  was  preferred  chie&y  because  it  gave  little  effect,  but 
methods  for  removing  taste  and  odor  are  now  well  known  to  all  oil 
refiners,  so  that  the  question  is  not  so  important  as  formerly. 

Why  taste  and  odor  should  be  Imported  to  oil  by  fuller's  earth 
is  not  known,  but  it  certainly  is  not  generally  due  to  any  soluble  mate- 
i-ial  in  the  earth,  but  rather  to  some  oxidizing  action  upon  the  oil  itself. 
This  property  appears  to  be  connected  with  the  "  acidity "  of  the 
earth,  for  if  fuller's  earth  is  treated  with  lime  water  this  action  is  greatly 
reduced.  Unfortunately,  the  bleaching  power  Is  destroyed  at  the  same 
time.  Certain  fuller's  earths  have  so  marked  an  oxidizing  action  on 
edible  oil  that  they  cause  the  oil  to  catch  fire  spontaneously  when 
air  is  blown  through  the  filter  presses  to  remove  the  adhering  oil,  as 
is  done  in  practice.  This  property  b  fatal  to  the  use  of  a  fuller's  earth 
in  refining  edible  oils,  for  beside  fire  risks  to  buildings  it  invariably 
destroys  the  cloths  of  the  filter  presses.  Fortunately,  only  earth  from 
one  or  two  deposits  has  tiiis  property  highly  developed. 

The  method  used  in  bleaching  edible  oils  is  essentially  the  same  in 
general  principle  for  all  oils,  but  differs  in  detail.  The  temperature 
at  which  the  bleachii^  takes  place  and  the  proportion  of  earth  used 
vary  npt  only  with  every  oil,  but  also  in  the  practice  of  the  various 
refining  plants  as  applied  to  similar  oils.  As  cottonseed  oil  is  by  far 
the  most  important  of  those  oils  to  which  the  process  of  refining  is 
applied,  it  can  beat  serve  as  an  example. 

Crude  cottonseed  oil  is  not  affected  by  fuller's  earth  and  it  must 
first  be  subjected  to  the  usual  treatment  with  an  alkali,  which  removes 
the  fatty  acids  and  at  the  same  time  converts  the  coloring  matter  into 
basic  forms.  Fuller's  earth  has  no  power  to  remove  color  from  cotton- 
seed oil  until  the  crude  oil  has  been  treated  with  an  alkali. 

Partly  refined  samples  of  different  cottonseed  oils  require  very 
different  quantities  of  the  same  fuller's  earth  to  remove  the  color. 
Accordingly,  in  the  best  practice,  the  oils  that  will  require  the  least 
quantity  of  fuller's  earth  are  selected  by  laboratory  tests  for  bleaching. 
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With  the  finest  qualities  of  cottonseed  oil  as  little  as  1)  per  cent  of 
the  best  fuller's  earth  may  give  an  effective  bleach;  with  others  as  high 
as  6  per  cent  is  required.  Probably  3  per  cent  of  fuller's  earth  is  a 
fair  average  for  bleaching  cottonseed  oil  at  the  present  time.  The 
proportion  of  earth  used  also  depends  upon  the  temperature  to  which 
the  oil  is  heated  before  treatment,  although  too  great  an  increase  in 
temperature  may  have  a  deleterious  effect  on  the  oil.  In  fact,  it  has 
been  the  practice  of  one  plwit  to  use  in  bleaching  oib  of  special 
quality  aa  much  as  10  per  cent  of  fuller's  earth  and  a  very  low 
temperature. 

In  ordinary  practice  a  measured  quantity  of  the  dry  cottonseed 
oil  is  placed  in  a  lai^e  vat  containing  steam  pipes  and  heated  to  near 
the  boiling  point  of  water.  The  oil  is  then  rapidly  stirred  by  paddles 
and  the  necessary  measured  quantity  of  fuller's  earth  is  added.  Within 
one  or  two  minutes  the  fuller's  earth  has  been  thoroughly  mixed  with 
the  oil  by  the  rapid  agitation.  The  mixture  is  then  run  immediately 
to  the  filter  presses  and  the  fuller's  earth  filtered  out.  The  quantity 
of  oil  for  a  single  operation  is  ao  gaged  that  when  all  of  the  oil  taken 
has  passed  through  the  filter  press,  the  press  itself  is  charged  with  fuller's 
earth  and  is  ready  to  be  opened.  Before  the  press  is  opened,  as  much 
oil  as  possible  is  blown  out  with  steam  and  the  oil  is  generally  further 
removed  by  blowing  air  also  through  the  press. 

The  color  of  the  oil  after  treatment  with  fuller's  earth  is  greatly 
reduced  and  ite  standard  is  determined  by  means  of  the  tintometer. 
Treatment  with  fuller's  earth,  however,  besides  reducing  the  color,  also 
^ves  more  or  less  taste  and  odor  to  the  oil,  which  must  be  removed  before 
the  oil  can  be  marketed. 

This  taste  and  odor  is  developed  in  oil  by  any  fuller's  earth  so  far 
found,  but  the  extent  of  the  action  varies  greatly  with  fuller's  earth 
from  different  localities.  English  earth  was  lor^  in  special  favor  for 
refining  edible  oil  because  it  imparts  comparatively  little  taste  and 
odor,  but  there  are  domestic  earths  that  are  equal  to  English  earth 
in  this  respect,  and  just  as  good  as  regards  bleaching  qualities^  How- 
ever, tiie  earths  that  bleach  oil  the  best  almost  invariably  give  the 
greatest  taste  and  odor  to  the  oil,  but  this  is  not  now  nearly  so  serious 
an  objection  as  formerly,  as  methods  for  removing  taste  and  odor  from 
edible  oils  are  well  known. 

In  the  treatment  of  lard  and  lard  oil  it  is  seldom  if  ever  necessary 
to  use  more  than  one  per  cent  of  fuller's  earth  and  generally  the  lard  is  not 
deodorized  afterwards. 

In  determining  the  decolorizing  power  of  fuller's  earth  for  use  for 
edible  oils  a  quantity  of  oil  should  first  be  selected  which  is  sufficient 
for  all  of  the  tests  to  be  made,  as  different  samples  of  oils  are  bleached 
very  differently  by  the  same  earth.  With  cottonseed  oil  a  defimte 
quantity  of  oil  is  weighed  or  measured,  placed  in  a  beaker,  and  heated 
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(preferably  in  a  water  bath)  to  100°  C.  The  sample  of  fuller's  earth 
unless  already  ground,  is  first  carefully  pulverized,  preferably  in  a  coifee 
mill,  to  pass  a  IDO-meah  sieve.  A  portion  of  the  pulverized  sample, 
ordinarily  5  per  cent  of  the  quantity  of  oil  taken,  is  weighed  and  stirred 
into  the  hot  oil.  The  stirring  is  continued  for  three  minutes.  The 
mixture  is  immediately  filtered  into  a  sample  bottle,  such  as  is  universally 
used  in  testing  for  oil  color.  If  at  the  same  time  it  is  dewred  to  determine 
the  quality  of  the  earth  as  regards  its  action  in  the  filter  presses,  its  filtra- 
tion should  take  place  on  a  Buchner  funnel,  using  suction.  If  the  ques- 
tion of  filtration  is  not  of  moment,  it  is  usually  simpler  to  filter  through 
an  ordinary  steam-jacketed  funnel,  using  filter  paper.  A  portion  of  the 
same  sample  of  oil  is  then  treated  with  a  sample  of  standard  fuller's 
earth,  for  which  purpose  the  English  earth  is  universally  used,  and  the 
colors  of  the  two  oils  obtained  are  compared  in  a  colorimeter  by  means 
of  Lovilxmd  color  glasses.  The  only  glasses  required  are  the  red  and 
yellow  series.    (Parsons.) 
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CHAPTER  XXV 

LINSEED  OIL 

G.  W.  THOMPSON. 

Cfd^  ChemUi  NatvmtU  Lead  Co. 

linseed  oil  ia  obtained  from  the  seed  of  the  flax  plant.  Techucally, 
domestic  seed  is  usually  known  as  fiaxseed,  and  the  imported  seed  as  lin- 
teed.  The  flax  plant  is  remarkable,  in  that  it  is  grown  for  either  its  fibre 
or  its  oil;  but,  apparently,  it  can  not  be  grown  for  both  at  the  same  time. 
If  grown  for  seed,  the  fiber  is  of  small  value;  and  if  grown  for  fiber,  the  seed 
is  immature.  It  is  also  remarkable  for  the  range  of  climate  in  which  it  can 
grow.  It  ia  grown  in  North  Dakota,  Northern  Russia,  The  Argentine, 
Southern  Russia,  and  India.  The  flax  plant  has  the  reputation  of  {wison- 
ing  the  soil  where  it  has  been  grown  for  any  length  of  time.  Professor 
Bolley  of  the  North  Dakota  Agricultural  Station  has  stated  that  this 
.  {wisoning  is  due  to  bacteria  and  that  it  can  be  avoided,  largely,  by  uwng 
seed  on  which  the  bacteria  have  been  killed  by  fonnaidehyde,  by  avoid- 
ing contaminated  seed,  and  by  using  seed  which  has  been  rendered  immune 
by  a  selective  process  of  growth. 

The  Worid's  Production.  The  World's  Production  of  the  Seed  of  the 
Flax  Plant  fofthe  Year  1913,  by  the  Chief  Producing  Countries. 

TJ,  8.  A.  Busbito. 

North  Dakota 7,200,000 

Montana 3,600,000 

Minnesota 3,150,000 

South  Dakota 3,060,000 

Kansas 300,000 

Iowa 263,000 

Wiscoaan 126,000 

Nebraska 54,000 

Missouri 50,000 

Colorado 50,000 

U.  S.  A.  (total) 17,853,000 

Canada 17,639,000 

Aigentina 39,600,000 

India 21,428,000 

Ruaaa  (estimated) 22,000,000 

Total 118,420,000 
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The  bushel  of  flaxseed  weighs  conveotionflJly  56  pounds.  The 
quantity  of  oil  in  clean,  hand-picl«d  seed  varies  with  the  locality  of  its 
production  and  the  sdze  and  maturity  of  the  individual  seeds.  The  fol- 
lowing figures  give  the  approximate  range  of  oil  contents,  as  det«nnined 
by  careful  extraction,  in  clean,  hand-picked  seed  from  various  sources: 

North  American  seed-oil 36.C0-40.00% 

Calcutta  and  Bombay  seed-oil 37.50-42.00% 

Argentine  seed-oU 36.00-39.00% 


Fia.  200.— Flaxseed  Sifter. 

Methods  of  Production.  Linseed  oil  is  produced  to-day  in  three 
different  ways: 

1.  By  the  Old  Method  of  grinding,  heating,  and  pres^i^  by  hydraulic 
pressure— the  residue  being  left  in  the  form  of  cake,  known  as  Unseed 
oU  cake.  The  temperature  of  the  meal,  as  it  leaves  the  heaters,  varies 
considerably  in  practice.  The  meal  can  be  run  cold,  and  cold-pressed 
linseed  oil  produced,  or  the  heat  can  be  as  high  as  180°  F.  In  ordinary 
practice,  the  heat  b  something  over  160°  P.  The  oil  left  in  the  cake 
runs  from  5.5  to  6.5  per  cent. 

2,  By  the  Anderson  Expelier  MiB,  in  which  the  meal  is  heated  only 
slightly  and  ia  forced  by  a  screw  through  a  conical  grating — the  oil  com- 
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ing  through  the  grating,  and  the  meal,  fonned  into  scales  like  cocoanut 
shells,  coming  out  at  the  end  of  the  expeller.  The  oil  left  in  the  scales 
or  shells  sometimes  exceeds  8  per  cent. 

3.  By  the  Extraction  Process,  wherein  the  ground  seed  is  leached 
with  li^t  petroleum  naphtha,  which  dissolves  the  oil,  leaving  a  meal 
containing  usually  less  than  4  per  cent  of  oil.  The  naphtha  extract  is 
distilled,  the  naphtha  recovered  and  used  over  again,  and  the  linseed 
oil  obtained  as  a  residue  from  this  distillation. 


Fio.  291.— Flwweed  Crushing  Rolls. 

All  three  processes  give  commercially  pure'  raw  linseed  oil.  The 
relative  values  of  these  products  are  not  far  apart. 

Characteristics  of  Linseed  Oil.  Linseed  oil  is  a  sapouifiable  oil— that 
is  to  say,  it  contains  radicals  of  fatty  acids  and  glycerine  in  combination. 
Under  the  influence  of  alkali  it  is  decomposed — glycerine  is  liberated 
and  soap  is  formed.  The  fatty  acids  of  linseed  oil  give  it  its  character. 
Some  of  these  acids  are  what  is  known  as  "  unsaturated,"  that  is,  some 
of  the  chemical  bonds  are  unsatisfied.  This  gives  linseed  oil  its  power 
to  absorb  oxygen  from  the  air,  the  oil  increasing  in  specific  gravity  and, 
ultimately,  if  exposed  in  thin  films,  becoming  changed  into  a  hard, 
homy  mass.     In  this  "  drying  "  operation,  the  chaise  is  not,  however, 
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one  of  simple  oxidation,  although  that  is  probably  what  takes  place 
initially.  During  the  oxidation,  carbonic  acid  and  water  are  given  off, 
together  with  other  gases  and  volatile  substances. 

In  the  drying  of  linseed  oil  it  has  been  generally  recognized  that  it 
increases  in  weight  and  also  in  specific  gravity.  Sabin  has  shown,  how- 
ever, that  the  increase  in  weight  only  takes  place  up  to  a  certain  point, 
after  which  there  is  a  loss  in  weight,  so  that  at  the  end  of  180  days,  in  his 
experiment,  the  linseed  oil  had  come  back  to  its  original  weight.  Inas- 
^much  as  the  oil  had  increased  in  gravity,  there  was  an  actual  loss  in  volume 
during  the  oxidation  changes  which 
took  place. 

It  is  convenient  to  consider  the 
product  of  the  drying  of  linseed  oil 
under  the  single  name  "  lijioxyn." 
This  product  is,  however,  composed 
of  many  constituents  and  it  would 
appear  that  the  oxidation  process 
is  continuous  and  perhaps  never 
complete.  Dried  linseed  oil — lin- 
oxyn— is  tough  and  elastic  and  is 
the  principal  constituent,  in  volume, 
of  almost  all  dried  ptunt  films. 

The  chemical  constituents  of 
raw  linseed  oil  are  only  approxi- 
mately known.  It  is  believed  to 
be  composed  of  the  glycendes  of 
the  following  fatty  acids: 

Palmitie  Add,  Ci6H3202.  About 
5.0  per  cent  (A  its  glyceride  is 
present.  Palmitic  acid  is  a  satu- 
rated acid  of  the  acetic  series. 

Myristic  Add,  Ci4}i2B02.   About 
5.0  per   cent  of  its   glyceride  is   present.     Myristic  acid  is  a  saturated 
acid  of  the  acetic  series. 

Oleic  Add,  CisHg^Oa.  A  small  amoimt  of  this  acid  is  probably 
present.     It  is  the  characteristic  acid  of  the  CnHjn-aOa  series. 

Limbic  Add,  C18H32O2.  It  is  the  characteristic  acid <^  the  CnH2n-40z 
series. 

Linolenic  and  Isolinolenic  Adds,  both  of  the  formula  CisHsoOa. 
They  are  characteristic  of  the  CnHan-eOa  series. 

The  percentages  of  the  gtycerides  of  linolic,  linolenic,  and  isolinolenic 
adds  present  in  linseed  oil  differ  in  the  opinion  of  various  investigators. 
(See  Lewkowitsch,  Vol.  II,  pp.  50-52,  1909  Ed.) 

Raw  and  unrefined  linseed  oil,  as  usually  produced,  contains  a  small 
amount   of  mineral   matter   consisting   of  phosphates   of  calcium   and 
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magnemum  in  combination  with  uonoleaginous  organic  matter  probably 
caiWiydrates  (mucilage),  which  are  preaent  so  abundantly  in  flaxseed. 
When  such  an  oil  is  heated  to  something  over  350°  F.,  it  is  said  to 
"  break."  The  oil  thickens  and  becomes  filled  with  a  cloud.  If  this 
cloud  is  filtered  out  and  washed  with  petroleum  ether,  it  is  found  to  be 
composed,  to  a  large  extent,  of  the  phosphates  referred  to  above — the 
oil  itself  is  freed  of  these  phosphates.  The  amount  of  ash  in  raw  and 
unrefined  linseed  oil  runs  from  0.08  to  0.25  percent. 


Fia.  293.— HydrauUc  Presa. 

A  measured  gallon  of  linseed  oil  weighs  7.78  pounds.  Custom, 
however,  has  established  the  practice  of  sellii^  Unseed  oil  on  what  is 
called  the  "  weighed  gallon "  of  7,5  pounds.  This,  however,  relates 
only  to  oil  sold  in  lots  based  on  barrel  deliveries,  and  not  to  the  small 
quantities  sold  in  the  retail  trade. 

Linseed  Oil  in  Paints.  The  use  of  linseed  oil  in  pamts  has  for  its 
purpose  the  bindii^  together  of  the  particles  of  pigment  into  a  more  or 
less  solid  mass  when  the  paint  is  dried  by  exposure  to  the  oxidizing  influence 
of  the  atmosphere.  The  degree  of  gloss  which  a  dried  paint  possesses 
is  mostly  dependent  upon  the  relative  amount  of  oil  present, — thus,  in 
gloss  paints,  cou^dering  only  the  oil  and  the  pigment,  the  percentage 
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of  oil  by  volume  is  usually  something  over  66  per  cent,  the  pigment  being 
something  under  34  per  cent,  whereas  in  paints  having  a  low  gloss,  known 
as  "  flat  paints,"  conmdering  only  the  oil  and  the  pigment,  the  percentage 
of  oil  by  volume  may  be  less  than  50  per  cent,  and  the' pigment  over  50 
per  cent.  In  some  flat  paints  there  is  less  binding  material  than  this, 
but  good  results  with  respect  to  wear  are  not  obtained  in  this  way- 
Linseed  oil,  as  produced  by  the  old  process  and  the  Anderson  Expeller, 
is  somewhat  cloudy  as  it  comes  through  the  press,  due  to  suspended 
■  particles  of  linseed  meal.  The  oil  is  usually  run  through  cloth-covered 
filter  presses,  which  remove  the  suspended  matter.  A  certain  amount 
of  mucilage,  however,  remains  dissolved  in  the  oil,  which  may  settle  out, 
on  tanking,  in  the  form  of  "  foots,"  so  that  the  best  practice  is  to  allow 
linseed  oil  to  cool  in  tanks,  after  which  it  is  filtered  through  paper  before 


Fia.  294.— Filter  Press. 

shipment.  Even  then,  linseed  oil  will,  on  standing,  tend  to  show  a  small 
separation  of  foots,  which  may  accumulate  in  the  bottom  of  barrels  or 
tanl.s.  For  most  industrial  purposes  the  oil  should  be  as  clear  and  free 
from  toots  as  practicable.  In  certain  kinds  of  paints,  however,  such  as 
roof  paint«,  the  linseed  oil  foots  are  less  objectionable,  and  it  is  custom- 
ary to  use  foots  in  the  preparation  of  such  paints. 

Color  of  Oil.  The  color  of  raw  linseed  oil  varies  somewhat  according 
to  its  origin.  Oil  from  East  Indian  seed  is  comparatively  light  in  color, 
while  oil  from  seeds  grown  in  colder  climates  is  about  the  color  of  amber. 
This  color  is  due  to  certMn  resinous  substances  present,  principally  in 
the  shells  of  the  seed,  which,  in  the  process  of  crushing  become  dissolved 
in  the  oil.  Under  the  influence  of  light,  linseed  oil  bleaches  out,  the  brown 
tone  disappearing,  and  the  yellow  also  becoming  reduced  in  intensity. 
For  this  reason,  the  color  of  the  oil  used  in  paints  to  be  exposed  to  the  sun- 
light, as  in  the  case  of  exterior  paints,  is  of  small  importance.    Even 

D,uMZK;l;,V.OOgk 


696  INDUSTRIAL  CHEMISTRY 

in  wtut«  pfUEits,  the  oil  bleaches  out  under  the  influence  of  the  sun-light 
and  does  not  affect  unfavorably  the  color  of  the  paint.  In  punt  used 
on  interiors,  this  is  not  the  esse,  however,  and  it  is  usual  to  select  oils 
light  in  color,  which  lightness  of  color  is  obtained  by  proper  bleaching 
and  refining. 

Paints  containing  linseed  oil,  and  in  fact  most  vegetable  oils,  tend 
to  turn  yellow  in  dark  or  poorly  lighted  places.  The  tendency  to  yellow 
is  somewhat  affected  by  the  pigment  and  also  the  amount  of  oil  present.  ^ 
The  cause  of  this  tendency  of  interior  pMuts  to  turn  yellow  has  been  vai^ 
iously  explained.  Mulder  intimated  that  it  was  due  to  the  absorption 
of  moisture  in  forming  a  hydrate  of  the  linoxyn.  This  may  or  may  not 
le  true,  and  from  investigations  carried  on  by  the  writer,  it  would  appear 
mostly  due  to  the  action  of  the  ammonia  in  the  atmosphere.  Thus  does 
not,  however,  explain  the  mechanism  of  the  yellowing. 


Fio.  29S. — French  Linseed  Cake  Trimmer. 

R^nlng  <tf  Ijnseed  Oil.  The  refining  of  linseed  oil  is  usually  accom- 
plished by  treatment  with  sulphuric  acid  somewhat  after  the  following 
manner:  The  oil,  amounting  to  about  500  gallons,  is  placed  in  a  tank 
provided  with  either  mechanical  or  air  agitation.-  Strong  sulphuric  acid, 
60-66°  Bf .,  equal  to  about  1  per  cent  by  weight  of  the  oil  to  be  refined, 
is  allowed  to  flow  slowly  into  the  oil.  The  agitation  is  kept  up  for  some 
time;  the  oil  turns  to  a  muddy  green.  It  is  then  allowed  to  settle,  the 
sulphuric  acid  sludge  coming  together  in  large  flocks  and  separating  out. 
After  standing  over  night,  the  clear  oil  is  drawn  off,  some  water  added, 
and  the  whole  mass  a^tated  with  five  steam.  The  oil  tends  to  form 
something  of  an  emulsion  in  the  beginning  and,  after  a  while,  becomes 
clear.  It  is  then  allowed  to  settle,  the  acid  water  drawn  off,  and  another 
steaming  given,  if  thought  necessary.  The  oil  is  then  drawn  into  stor^e 
tanks,  and  the  remaning  water  allowed  to  settle  out;  the  clear  oil  is 
drawn  off  for  use.  In  this  operation  the  mucilaginous  matter  and  some 
of  the  coloring  matter,  referred  to  above,  are  removed.  The  oil  has  also 
increased  in  acid  number,  that  is  to  say,  its  contents  of  free  fatty  acids 
has  increased.    Refined  oil  is  similar  in  pn^rties  to  raw  linseed  ml, 
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except  that  it  is  lees  viscous.  It  13  free  from  the  phosphates  referred 
to  above  and  usually  contaiDS  over  4  per  cent  of  free  fatty  acids,  figured 
ae  oleic  acid.  The  bleaching  of  linseed  oil  is  also  accomplished  by 
exposure  to  the  sunlight  in  shallow  pans,  and  also  by  the  use  of  fuller's 
earth.  The  usual  procese,  however,  involves  the  sulphuric  acid  treat- 
ment referred  to  above. 

Drying  Properties.  Linseed  oil  belongs  to  the  general  class  of  oils 
known  as  "  drying  oils."  This  property  of  drying,  already  referred  to, 
consists  in  the  oxidation  of  the  oil  and  the  formation  of  more  or  less 
solid,  hard  products.  Linseed  oil  has  this  property  more  conspicuously 
than  any  of  the  other  so-called  "  drying  oils."  It  has  been  found,  how- 
ever, that  in  the  case  of  raw  linseed  oil,  which  will  take  from  four  to 
five  days  to  dry  hard  in  a  thin  film,  this  drying  rate  can  be  increased  by 


Fio.  296.— Oil  Cake  aod  MenL 

the  addition  of  certaJn  metallic  o»des,  such  as  lead  oxide  and  n 
oxide.  By  the  proper  addition  of  these  oxides,  linseed  oil  can  be  made 
to  dry  to  the  touch  in  from  four  to  eight  hours.  It  appears  that  lead 
and  manganese  in  a  great  variety  of  forms  can  be  added  to  linseed  oil 
and  give  to  it  its  increased  rapidity  of  drying.  However,  to  give  the 
best  results,  they  should  become  completely  dissolved  in  the  Unseed  oil. 
For  pratical  purposes,  excellent  drying  results  are  obtained  when  the 
linseed  oil  cont^ns  oxide  of  lead  (PbO),  .20  per  cent  and  oxide  of  man- 
ganese (MnO),  .05  per  cent. 

Boiled  Linseed  Oil.  Boiled  linseed  oil  b  an  oil  to  which  a  sufficient 
quantity  of  lead  and  manganese  oxides  has  been  added,  and,  by  the  action 
of  heat,  these  oxides  have  been  made  to  dissolve  in  the  oil.  The  old 
practice  was  to  boil  the  oil  in  kettles  over  an  open  fire,  and  this  practice 
still  obtains  to  some  extent,  although  probably  the  temperature  to  which 
the  oil  is  now  heated  seldom  reaches  that  to  which  boiled  oil  in  the  old 
days  was  subjected.    The  term  "  boiled  "  as  appBed  to  linseed  oil  is  not, 
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strictly  speaking,  correct.  Linseed  oil  does  not  boil  in  the  same  sense 
that  water  does,  but,  when  heated  to  a  sufficiently  h^  tonperature, 
suffers  destructive  distillation,  some  of  the  glycerine  being  driven  off 
in  the  reduced  form  known  as  "  acrolein."  There  are  also  other  decom- 
position products  produced.  In  modern  practice,  the  manufacture  of 
boiled  oil  starts  with  the  production  of  a  concentrated  boiled  oil  con- 
taining a  comparatively  large  percentage  of  lead  and  manganese  oxides, 
such  concentrated  boiled  oil  being  known  as  a  "  crushers  drier."  The 
concentration  is  such  that  when  one  part  of  this  crushers  drier  la  added 
to  16  parts  of  raw  linseed  oil  and  the  mixture  heated  to  bring  about 
complete  incorporation,  boiled  linseed  oil  of  commerce  is  obtained. 
The  temperatip-e  of  heating  considered  by  the  writer  most  desirable  is 
about  350°  F.  Not  all  boiled  oil  is,  however,  heated  to  this  temperature. 
In  some  cases  the  temperature  reached  is  only  that  which  can  be  obtained 
by  a  steam  coil.  In  some  cases,  the  driers  used  are  resinates  of  lead  and 
manganese,  which,  if  the  amount  of  rosin  present  is  not  too  great,  pro- 
duces good  merchantable  boiled  oils.  The  temptation,  however,  to 
overload  the  resinate  driers  with  an  excess  of  rosin  has  made  this  practice 
questionable  in  the  minds  of  some.  In  the  preparation  of  boiled  oil,  red  lead 
has  some  advantage  over  Uthai^e  in  that  the  lead  oxide  stays  in  solution 
better  where  red  lead  is  used.  The  black  oxide  of  manganese,  the  dioxide, 
used  should  be  in  a  very  fine  state  of  subdivision,  so  that  it  will  dissolve 
completely  in  the  oil  on  the  application  of  heat.  For  the  production  of  par- 
ticularly light-colored  boiled  oils,  borate  of  manganese  and  acetate  of  lead 
can  be  used,  or  Unseed  oil  soaps  of  lead  and  manganese  can  be  produced  in 
the  wet  way,  and  these  dissolved  in  the  oil  by  the  application  of  heat. 
Linseed  Oil  Constants.  ,  It  is  customary  to  speak  of  the  various  figures 
obtained  from  the  testing  of  linseed  oil  as  its  "  constants."  This  word  is 
unfortunate,  inasmuch  as  the  figures  are  anythiiy;  but  constant.  Linseed  oils 
of  various  origin  differ  very  much  in  the  so-called  "constants  "  obtfuned,  and 
the  same  Unseed  oil  may  have  its  constants  changed  by  slight  oxidation. 
The  best  and  most  authoritative  figures  on  linseed  oil,  and  the  metho<ls 
of  testing,  have  been  published  in  the  reports  of  Committee  D-1  of  the 
American  Society  for  Testing  Materials,  whose  specifications  for  oil  from 
North  American  seed  have  been  carefully  worked  out.     They  are  as  follows : 


Mioimom. 

is.s-  c. 

0.036 

0.931 

6.00 

195 

1.60 

1,4805 

Uneaponifiable  mattei- 

Refractive  Index  al  26°  C 

Iodine  number  (Haniis) 

1.47B0 
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Oil  from  Baltic  seed  apparently  has  a  slightly  higher  iodind  number 
-than  that  from  North  American  seed.  Oil  from  East  Indian  seed  is 
slightly  lower  in  iodine  number,  and  oil  from  South  American,  or  La 
Plata,  seed  is  considerably  lower  in  iodine  number.  It  may  be  difficult, 
therefore,  at  times  to  judge  simply  from  the  analytical  results  obtained 
whether  a  linseed  oil  is  strictly  pure,  if  its  origin  is  not  known.  Some 
recent  work  done  by  Eibner  {Farben-Zeitung  Oct.  12,  1912  et  asg.)  indi- 
cates that  the  hexabromide  test  is  of  great  value  in  determining  the 
value  of  linseed  oil. 

Driers.  In  order  to  accelerate  the  speed  of  drying  of  raw  linseed 
oil,  it  is  a  common  practice  for  the  painter  to  use  "  driers."  These  are 
preparations  usually  liquid  but  sometimes  in  paste  form,  consisting  of 
lead  and  manganese  soaps  dissolved  in  turpentine  or  benzene,  in  the  case 
of  liquid  driers,  and  mixed  with  pigments  and  oil,  in  the  case  of  paste 
driers.  Liquid  driers,  while  very  variable  in  composition,  usually  contain 
lead  and  manganese  compounds  in  such  quantity  that  one  (1)  part  of 
the  drier  added  to  sixteen  (IG)  parts  of  raw  linseed  oil  will  make  the  oil 
dry  to  the  touch  in  from  S-12  hours.  Boiled  linseed  oil  should  require 
the  addition  of  no  liquid  drier.  Raw  linseed  oil,  to  which  .liquid  drier 
has  been  added,  is  sometimes  sold  as  boiled  oil.  Such  a  mixture,  as  it 
has  not  been  subjected  to  the  proper  heat  treatment,  is  not  a  true  boiled 
oil.  Derisively,  it  is  known  as  "  Bung  Hole  Boiled  Oil."  Its  sale  as 
boiled  oil  is  clearly  deception. 

Adulteration.  Linseed  oil  is  occasionally  adulterated  with  mineral 
oil  and  rosin  oil,  and  when  the  price  permits  it,  with  non-drying  oils 
such  as  Soya  Bean  Oil,  etc.  The  presence  of  mineral  or  rosin  oil  in 
linseed  oil  is  easily  detected,  as  they  remain  in  the  unsaponi6able  matter 
determined  in  the  usual  course  of  analysis.  The  presence  of  non-drying 
or  semi-drying  oils  is  more  difficult  of  detection.  Their  presence  is  indi-  . 
cated  by  a  low  iodine  number  and  a  low  specific  gravity. 

Application.  Outside  of  use  in  paints,  linseed  oil  has  its  principal 
use  in  the  preparation  of  varnishes,  lithographic  oils,  and  linoleum.  In 
varnishes,  the  oil  used  is  usually  prepared  so  that  it  will  not  "  break." 
It  is  then  "  bodied,"  that  is,  increased  in  gravity  and  viscosity  to  the 
degree  particularly  desired  by  heatii^  in  kettles  to  about  550°  F., 
whereby  some  of  the  glycerine  is  driven  off,  and  the  oil,  to  a  greater  or 
less  extent,  polymerized.  Such  an  oil  mixed  with  melted  gums  and 
driers  and  thinned  with  tui^entine  or  benzene,  produces  the  oleoresinous 
varnishes  of  commerce,  which  vary  according  to  the  kind  of  gums  used, 
the  degree  to  which  the  oil  has  been  bodied,  and  the  proportioning  of  the 
various  constituents. 

Linseed  oil  ^mply  bodied  by  heat  is  used  for  the  preparation  of  litho- 
graphic inks.  The  bodying  of  linseed  oil  can  also  be  accomplished  by 
blowing.  The  oil  is  heated  to  above  250°  F.,  and  a  current  of  air  is 
passed  through  it.    Blown  oils  dry  harder  than  oils  bodied  amply  by  heat. 
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Oil  Cake.  (Ml  cake  'and  linseed  meal  are  by-products  of  the 
manufacture  of  linseed  oil.    They  are  valuable  cattle  foods  and  contain: 

Oil  or  "  Crude  Fats  " 4-8% 

Albuminoids  or  "  Crude  Protein  " 31-40% 

Crude  fibre 8-12% 

The  remainder  conMsts  of  carbohydrates  and  mineral  matter.  As 
a  cattle  food,  it  is  too  rich  and  has  to  be  mixed  with  other  food  materials 
contwiing  more  crude  fibre,  etc.  Comparatively  little  oil  cake  and  meal 
are  conaumed  in  this  country,  most  of  it  being  shipped  to  Europe. 
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CHAPTER  XXVI 

THE  HYDROGENATION  OF  OILS 

CARLETON  ELUS 
ConmUing  Chemivt,  MoiUdair,  N.  J. 

In  the  presence  of  a  suitable  catalyzer  oleic  add  and  bydrc^n 
combine,  molecule  for  molecule,  to  yield  stearic  acid  according  to  the 
equation,  Ci8H3402+H2=Ci8H3802.  Thus  282  pounds  of  olao  acid 
require  2  pounds  (or  about  0.7  per  cent.)  of  hydn^n  for  the  production 
of  284  pounds  of  stearic  acid,  and  ramilarly  the  transformaUoii  ci 
olein  into  steiuin  requires  the  use  of  about  0.68  per  cent  of  hydrogen. 
One  thousand  cubic  feet  of  hydrogen  weigh  approximately  5.6  pounds, 
hence  a  pound  of  olein  calls  for  a  little  over  0.1  of  an  ounce  of  hydrogen 
equivalent  to  approximately  2500  cubic  feet  of  hydrogen  per  ton  of  olein 
(of  2000  lb.).  Thus  by  weight  only  a  relatively  smalt  quantity  of  hydro- 
gen is  needed. 

Catalyzers.  Those  bodies  which  modify  reaction  velocity  without 
stoichiometrical  participation  in  the  reaction — ^find  another  important 
industrial  application  in  the  hydrogenation  or  "  hardening  "  of  oils. 

Catalyzers  recognized  as  useful  for  the  purpose  are  nickel  and  palla^ 
dium,  althou^  platinum,  copper,  iron,  and  other  metals  have  been  used 
to  some  extent.  Nickel  oxide  also  has  been  employed.  As  nickel  ia 
probably  the  most  important  of  these  catalyzers,  in  view  of  its  efficiency 
and  relatively  low  cost,  it  will  be  first  considered. 

The  preparation  of  an  effective  nickel  catalyzer  requires  conaderable 
care.  The  oxidp  or  hydroxide  of  nickel  ia  first  obtained  by  ignition  of 
nickel  nitrate  or  precipitation  of  nickel  hydroxide  from  a  nickel  solution  by 
the  addition  of  an  alkali.  Obtained  in  tlus  way  or  in  any  other  suitable 
manner,  the  next  step  is  the  reduction  to  metaUic  nickel.  For  tliis  pur- 
pose the  nickel  is  placed  in  a  receptacle  which  may  be  heated  contnjjlably 
and  hydrt^n  gas  is  passed  over  the  mass  at  a  temperature  ran^ng  from 
250  to  500°  C,  or  so,  until  water  is  no  longer  evolved. 

The  most  sensitive  catalyzers  are  obtained  by  reduction  at  the  lowest 
possible  temperatures.  Nickel  begins  to  reduce  below  220"  C,  but  at 
270°  C.  the  reduction  is  not  complete  even  after  long  duration  of  exposure 
to  hydrogen.  A  temperature  of  300  to  325°  C.  gives  fwrly  comfJete 
reduction  and  is  a  satisfactory  working  temperature.  The  lower  the 
temperature  at  which  the  nickel  is  reduced,  the  more  sensitive  it  is  to 
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various  external  influenceB,  hence  the  preparatioQ  of  this  catalyzer  should 
•  be  conducted  not  only  with  respect  to  degree  of  activity,  but  also  with 
respect  to  longevity.  Nickel  is  easily  poisoned  by  chlorine  and  by  sul- 
phur in  the  sulphide  form.  Copper  is  much  less  sensitive  to  poisons 
than  nickel,  but,  on  the  other  hand,  it  is  much  less  active. 

Catalyzer  made  from  the  oxide  without  supportii^  material,  weight 
for  weight,  is  hardly  as  efficient  as  when  the  active  surface  is  increased 
by  the  use  of  a  carrier.  Hence  we  find  many  proposals  for  the  produc- 
tion of  catalyzers  with  a  great  diversity  of  carriers,  ran^ng  from  pumice 
stone  and  kiese^uhr  to  charcoal  and  sawdust. 

After  nickel  has  been  reduced  as  described  above,  it  should  be  kept 
out  of  contact  with  fur,  as  it  is  extremely  pyrophoric  and  loses  in  efficiency 
on  exposure  to  the  air.  Consecjuently,  when  treating  oil  with  such 
a  catalyzer,  it  is  advisable  to  free  the  treating  apparatus  from  air  by 
flushing  with  hydrogen. 

Several  forms  of  treating  apparatus  are  in  use,  all  of  which  have  the 
same  object  in  view,  viz.,  to  secure  intimate  contact  of  hydrogen  gas 
with  the  oil  and  catalyzer.  This  is  accomplished  in  various  specific 
ways,  one  method  being  to  spray  the  oil  mixed  with  catalyzer  into  a  cham- 
ber containing  hydrogen  and  to  continue  the  spraying  operation  until  the 
reqtusite  degree  of  hardness  is  reached.  By  another  method  the  oil  %nd 
catalyzer  are  violently  agitated  in  a  closed  rereptacle  in  the  presence  of 
hydrogen.  Still  .another  system  provides  for  the  simple  operation  of 
bubbling  the  hydrogen  gas  through  a  body  of  oil  and  catalyzer,  any 
unabsorbed  gas  being  collected  and  reused.    ' 

A  great  variety  of  fatty  oils  may  be  hydrogenated  to  yield  useful 
products,  but  the  process  is  finding  application  especially  in  the  hardening 
of  vegetable  oils  such  as  cottonseed,  com,  sesame,  castor  and  linseed 
oils  and  marine  animals  oils  such  as  fish  and  whale  oils.  The  analytical 
constants  of  oils  of  course  change  as  hydrogenation  proceeds  and  aside 
from  the  increase  in  melting  point,  the  progress  of  the  reaction  is  indicated 
by  a  gradual  reduction  in  the  iodine  number  and  index  of  refraction, 
while  the  specific  gravity  increases  as  a  rule. 

Hydr(%en.  One  of  the  problems  in  the  hydrogenation  field  is  that  of  a 
cheap  supply  of  pure  hydrogen.  The  demand  for  hydrogen  in  various 
directions  has  increased  of  late  and  has  led  to  improvement  in  the  manu- 
factuEe  of  the  gas. 

The  two  methods  now  most  favored  in  the  hydrogenation  of  oiUi 
are  the  iron  sponge  steam  process  and  the  electrolytic  method.  For 
vary  large  plants  the  iron  sponge  steam  process  is  preferred,  but  it  ia 
relatively  complicated  and  scarcely  to  be  recommended  for  plants  calling 
for  1000  cubic  feet  of  hydrogen,  or  less,  per  hour.  Hydrogen  also  is 
obtfuned  from  water  gas  by  liquefaction  of  the  carbon  monoxide  according 
to  the  Linde  system  and  separation  of  the  hydrogen  from  the  liquefied 
monoxide. 
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Uses  of  Hydn^enated  OUs.  The  ability  to  prepare  from  ordiuaiy 
liquid  fatty  oils  a  fatty  body  of  almost  any  desired  degree  of  coiudatency, 
renders  hydrogeoation  especially  attractive  in  the  production  of  edible 
fats  and  soap  making  materials.  These  are,  midoubtedly,  two  of  the 
most  important  applications,  although  hydrogenat«d  oils  are  likely  to 
have  a  rather  wide  use  in  the  arts.  In  the  manufacture  of  lubricants  and 
tanner's  greases,  for  example,  the  hydrogenated  fats  may  be  used  to 
advantage. 

Uses  of  Hydrogenated  Oils  in  the  Soap  bidustry.  By  hydrogenation, 
oils  which  formerly  made  soaps  only  of  soft  consistency,  now  yield  the 
more  valuable  hard  soaps.  This  has  led  to  a  very  rapid  development  of 
the  art  with  respect  to  the  production  of  soap  making  fats.  In  particu- 
lar fish  and  whale  oils  have  been  made  use  of,  because  these  oils  may  be 
completely  deodraized  by  the  addition  of  hydrogen. 

According  to  Tsujimoto,  the  odor  of  fish  oil  is  due  almost  entirely 
to  a  fatty  constituent  and  not  to  so-called  impurities.  This  fatty  con- 
stituent is  clupanodonic  acid,  having  the  formula,  CisHjsOz,  which, 
therefore,  by  the  addition  of  8  hydrogen  atoms  becomes  stearic  acid. 
When  hydrogenated  down  to  an  iodine  number  of  about  50,  fish  oil  has  the 
consistency  of  hard  tallow  and  the  odor  of  fish  oil  is  wholly  absent.  Even 
the  fishy  taste  is  then  scarcely  in  evidence. 

For  soap  making  this  product  is  satisfactory  as  it  complies  with  the 
test  for  a  deodorized  fish  oil  suitable  for  soap  making  in  that  the  odor 
of  the  original  oil  is  not  apparent  when  laundried  goods  on  which  such 
soaps  are  used  are  ironed.  If,  however,  the  hydrogenation  is  not  carried 
on  to  a  point  where  the  iodine  number  is  approximately  50  or  less,  there 
is  BOme  danger  that  the  fishy  odor  will  become  apparent  during  the  iion- 
ing  operation. 

Hardened  linseed  oil  has  met  with  favor  as  a  soap  makers'  fat.  Ordinary 
linseed  oil  is  unsuitable  for  preparing  toilet  soaps  as  the  saponified  product 
discolors  in  a  short  time.  The  hydrogenated  oil  is  not  open  to  this  objec- 
tion. 

Hydrogenation  Practice.  The  following  general  procedure  may  be 
Uud  down  for  guidance  in  the  equipment  and  operation  of  a  hydrogenat^ 
ing  plant,  irrespective  of  the  character  of  the  oil  employed. 

The  starting  point  is  the  preparation  of  catalyzer.  Of  course  the 
procedure  employed  for  its  preparation  depends  on  the  type  of  catalyzer 
selected.^  Suppose  nickel  be  chosen  as  the  active  material,  to  be  used 
on  a  suitable  carrier  or  supporting  base.  To  this  end  a  solution  of  a  nickel 
salt  such  as  the  nitrate  or  sulphate  is  mixed  in  vats  with  the  support, 
in  the  presence  of  a  precipitant,  or  the  latter  is  subsequently  added,  and 
the  material  is  well  agitated.  Soluble  salts  may  then  be  removed  by 
washing  and  the  material  dried.     These  operations  may  take  place  in  a 

*  Several  patents  have  beeo  takea  out  on  caWyzers  of  difEerent  kinda  eui^ted  for  oil 
hudoiuiig. 
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filter  press  supplied  with  air  under  pressure.     The  caked  product  should 
be  ground  iu  a  ball  or  pebble  mill  until  resolved  into  a  fine  powder. 

The  catalyzer  is  now  ready  for  reduction,  which  should  be  performed 
with  extreme  care  as  the  entire  oil  hardemog  process  depends  on  the 
efficiency  of  the  catalyzer.  A  simple  type  of  catalyzer  reducing  device 
is  represented  by  Fig.  297.  4  is  a  brick  structure  which  contains  the 
reducing  drum  B.  The  latter  is  rotated  by  means  of  the  sprocket  C. 
E^E*  are  stuffing  boxes  which  admit  of  rotating  the  drum  without  dis- 
turbing the  gas  inlet  and  outlet.  The  catalyzer  is  admitted  and  mth- 
drawn  through  the  gate  0.  The  drum  is  filled  about  two-fifths  full  of  the 
catalyzer  and  hydrogen 
passed  in.  When  a  iest 
for  oxygen  shows  that  ail 
the  air  has  been  expelled 
the  drum  }a  heated  to  a 
temperatuic  not  exceeding 
360°  C,  During  reduction 
the  hydn^en  is  passed 
through  at  a  cotudderable 
rate  in  order  to  remove  the 
steam  formed  thus  reducing 
the  partial  pressure  of  the 
latter  and  facilitating  the 
reduction  of  the  nickel  oxide 
or  hydrate.  The  gases  issu- 
ing from  the  exit  side  of  the 
drum  may  pass  through  a 
water  seal  and  after  puri- 
fication, may  be  returned 
to  the  gas  holders  to  be 
used  again.  When  the 
Fia.  297.  issuing  gases  are  found  to 

contain  no  steam  the  reduc- 
titm  is  complete,  the  heatii^  is  discontinued  and  the  catalyzer  allowed 
to  cool  in  a  current  of  hydrogen. 

After  cooling  the  catalyzer,  the  hopper  I  is  coupled  to  the  flai^^ 
of  the  gate  O.  The  bottom  of  the  hopper  dips  below  the  surface  of 
oil  contained  in  a  receptacle  beneath.  Hydr(%en  is  passed  in  at  the 
valve  /  and  the  air  expelled  from  the  hopper.  The  valve  of  the 
reducing  drum  is  now  opened  and  the  catalyzer  allowed  to  fall  into  the 
oil  with  which  it  should  be  thoroughly  mixed.  Thus  the  catalyzer  is 
effectively  sealed  from  the  air. 

This  method  c^  abstracting  catalyzer  from  the  reducing  drum  prevents 
oxidation  of  the  nickel  which  occurs  to  a  greater  or  less  extent  when  the 
catalyzer  is  withdrawn  in  contact  with  the  air.  •■■' 
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Another  method  of  preparing  catalyzer  is  to  heat  nickel  carbonate, 
hydrate,  formate,  acetate,  etc.,  in  fatty  oil  to  a  temperature  of  240-260°  C, 
usually  in  the  presence  of  hydrogen  as  a  reducing  gas.  An  effective 
finely  divided  catalyzer  is  obtained  in  this  manner. 

The  catalyzer-in-oil  may  then  be  transferred  to  a  large  agitating  tank 
in  which  oil  is  added  in  sufficient  quantity  to  make  the  mixtiu%  contain 
the  correct  perecntagL  of  catalyzer.  The  contents  are  thoroughly  agitated 
and  transferred  to  the  hydn^nator  or  converter,  where  the  actual  hydro- 
genation  takes  place. 

Tall  iron  tanks  may  be  used  for  this  purpose,  one  type  of  which  is 
shown  in  Fig.  298.  The  air  in  the  hydrogenator  is  displaced  by 
means  of  hydrogen  and  the  mixture  of  catalyzer  and  oil  pumped  from 
the  agitator  A  into  the  hydrogenator  C.     The   contents  of  the  hydro- 


genator are  heated  to  a  temperature  of  175-190*  C.  by  means  of  super- 
heated steam  or  hot  oil  coils,  the  latter  being  preferable  owit^  to  the 
danger  of  leakages  ^f  steam  into  the  chamber.  The  temperature  of 
the  content*  of  the  hydrogenator  should  be  registered  by  means  of  ft 
reliable  thermometer,  preferably  a  recording  pyrometer. 

The  oil  and  catalyzer  in  the  hydrogenator  are  circulated  by  means 
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of  the  rotary  pump  E  which  takes  the  liquid  from  the  bottom  of  the  hydro* 
generator  and  pumps  it  through  the  inductor  I  where  hydrogen  drawn 
from  the  gas  space  at  the  top  of  the  hydrogenator  is  mixed  with  the  oil. 
CK  is  a  check  valve  to  prevent  oil  from  entering  the  tank  through  the 
suction  tube  in  the  event  of  the  inductor  suction  ooizle  becoming  flooded. 
The  mixture  of  oil,  catalyzer  and  hydrogen  is  ejected  throi^h  the  dis- 
tributor D  at  the  bottom  of  the  hydrogenator. 

The  hydn^en  inlet  is  provided  with  a  safety  device  M  and  a  pressure 
gage  P3. 

The  pressure  maintained  in  the  hydrogenator  is  variable  accord- 
ing to  the  oil  under  treatment  and  may  range  from  atmospheric  or  leas  up 
to  about  25  pounds.'  The  difference  in  the  readings  of  the  pressure  gages 
P1P2  registers  the  suction  of  hydrogen  at  the  suction  nozzle  of  the  inductor. 
Samples  of  oil  may  be  withdrawn  from  time  to  time  by  means  of  a 
sampling  cock.  When  the  sample  indicates  that  the  oil  has  the  required 
hardness  the  hydrogenator  is  emptied  through  the  bottom  outlet  and 
the  contents  run  into  large  tanks  T  which  are  heated  by  means  of 
steam  coils.  From  these  tanks  the  mixture  of  oil  and  catalyzer  is  pumped 
into  filter  presses  where  the  catalyzer  is  removed.  The  oil  is  finally  run 
into  cooling  tanks  where  it<solidifieB  to  a  hard  fat  ready  to  be  made  into 
lard  compound,  soap  or  other  product. 

The  transformation  to  olein  of  the  glycerides  of  Unoleic  and  linolenic 
acids  or  other  highly  unsaturated  acids  usually  does  not  result  in  any 
appreciable  change  in  the  titre.  As  these  bodies  generally  are  to  a 
conmderable  cj.tent  transformed  into  olein  before  olein  becomes  stearine, 
hydrt^n  will  be  absorbed  by  the  oil  without  hardening,  to  a  degree  depend- 
ant on  the  proportion  of  these  highly  unsaturated  bodies  present.  Often 
an  hour  or  more  is  needed  to  bring  an  oil  to  the  olein  stage,  after  which 
hardening  will  prepress  rapidly. 

Of  course,  the  method  given  above  is  capable  of  many  modifications 
as  oils  of  different  character  require  different  treatment  and  in  consequence 
often  times  call  for  equipment  which  varies  considerably  from  that  given 
by  way  of  illustration.  Catalyzers  vary  a  good  deal'in  their  properties 
and  conditions  which  are  suitable  for  nickel  in  some  of  ita  forms  will  not 
answer  for  palladium.  A  much  lower  temperature  usually  suf&ccs  when 
using  the  latter  metal  as  a  catalytic  substance. 

A  simple  type  of  converter  now  extensively  used  is  shown  in  Fig. 
299.  It  consists  of  a  closed  tank  equipped  with  a  steam  coil  and  stirrer. 
The  vessel  is  charged  with  oil  and  catalyzer  and  the  charge  is  heated 
to  the  requisite  temperature  when  hydrogen  is  introduced  by  the  small 
pipes  in  the  bottom  of  the  apparatus.     The  oil  is  stirred  vigorously  dur- 

'  One  of  the  diflicultiea  met  with. in  the  hoiidling  of  hydn^en  hsa  been  the  loss  by 
leakage  of  the  gas.  Under  pressure  and  at  a  temperature  of  150°  or  200°  C,  hydro- 
gen is  surprisingly  penetrating.  Autoclaves  with  welded  seams  are  desirable  for  high 
ra  and  high  temperature  work.     Moving  puU  should  be  avoided  as  f ar  sh  possible. 
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ing  the  operation.  Heat  is  developed  in  hydrogenating  fatty  oils  and  when 
a  considerable  quantity  of  oil  is  being  hardened,  the  heat  of  reaction  may 
be  not  only  sufficient  to  maintain  the  batch  at  the  reacting  temperature 
but  may  even  cause  the  temperature  to  rise 
too  high,  BO  that  cooling  is  needed.  Thia  ie 
especially  noticeable  with  freshly  prepared 
catalyzer.  Sometimes  preliminary  heating  by 
steam  to  100-120"  C,  suffices  to  start  the  re- 
action and  the  temperature  rises  rapidly.  At 
170-180°  C.  water  may  be  passed  through  the 
coil  to  prevent  overheating. 

(For  a  detailed  description  of  hydrc^nat- 
ing  processes  see  Ellis,  "  The  Hydrogenatioi 
of  Oils."    Second  Edition,  1919.   VanNoatrand  " 
Co.,  N.  Y. 

Edible  Hydrogenated  Oils.  Since  the  ad- 
dition of  1g«  than  1  per  cent  of  hydrogen 
suffices  to  convert  cottonseed  oil  or  other 
vegetable  oils  into  a  fatty  body  of  at  least  the 
consistency  of  lard,  it  follows  that  manufacturers 
of  ordinary  lard  compound  (that  is  to  say,  a 
mixture  of  about  85  to  90  per  cent  of  re&ned 
cottonseed  oil  and  10  to  15  per  cent  or  so  of 
oleo^tearine)  have  promptly  turned  their  at- 
tention to  the  production  of  compound  by  a 
"self-thickened"  cottonseed  oil. 

The  high  cost  of  oleo-stearine  prevailing 
durii^  recent  years  makes  the  method  an 
attractive  one  and  the  hydrogenated  product 
from  cotton  seed  oil,  if  properly  made,  is  stable 
in  character.  Unquestionably,  also,  the  hard- 
ening process  is  destined  to  increase  the  demand 
for  cottonseed  oil  in  the  manufacture  of  edible 
fatB.i 

By  the  hydrogenation  process  a  lard  sub- 
stitute may  be  prepared  in  two  ways.  The 
entire  oil  may  be  simply  hardened  to  the  consistency  of  lard;  care  being 
taken  to  employ  an  oil  as  nearly  neutral  as  possible  to  prevent  excessive 
solution  of  catalytic  metal,  and  to  avoid  a  high  temperature  of  treat- 
ment so  ae  not  to  impair  the  flavor  of  the  product.  If  the  color  and 
flavor  are  detrimentally  affected,  resort  may  be  had  to  a  further  treat- 
ment with  fu  ler's  earth  followed  by  steam  vacuum  deodorization.  The 
addition  of  a  onall  amount  of  cocoanut  oil  benefits  the  flavor. 

'  In  1916,  the  lalee  of  a  hydrogenated  oil  product  known  as  "  Crisco  "  amounted  to 
over  00,000,000  pouoda. 


Fia.  299. 
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The  other  method  is  that  of  making  lard  compound  which  as  indicated 
above  involves  thickening  a  lai^  proportion  of  normal  oil  with  a  small 


amount  of  a  relatively  hard  hydrogenated  product.  Thia  may  be  carried 
out  as  follows:  After  the  oil  has  been  hardened,  it  is  freed  of  catalyzer 
and  then  may  be  run  into 
tanks  containing  the  requisite 
amount  of  deodorized  cotton 
oil  (or  other  edible  oil)  and  if 
necessary  the  mixture  further 
clarified  and  filter  pressed. 
With  hardened  cotton  oil  of 
58-60  titer,  only  7-10  per  cent 
is  required  to  thicken  the  oil 
to  the  consistency  of  lard, 
although  in  hot  climates  a 
somewhat  larger  proportion 
may  be  needed.  The  mixture 
is  run  onto  a  chill  roll  to 
cause  rapid  solidification  and 
after  shght  aeration  to  im- 
prove the  color  is  ready  to  be 
packaged.  Fig.  300  shows  a 
chill  roll  or  lard  cooler  of  the 
type  usually  employed. 

In    this    illustration   the 

~  END  VIEW.  '    '^^K^  upper  cyHnder  or  roll  is 

Pio.  301.  chilled  by   the  circulation  of 

brine  and  is  slowly  rotated, 

say  from  6  to   10  R.P.M.     The  hot  liquid  compound  at  a  temperature 

of  50-55°  C.  is  run  into  the  feeding  trough  7  and  falls  onto  the  chilling 
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roll  forming  a  thin,  somewhat  trHDsIucent  film  which  quickly  cools  and 
sohdifies.  The  solid  fat  is  removed  by  a  scraper  and  falls  into  a  picker 
trough  5.  The  latter  contains  a  shaft  equipped  with  beating  and  con- 
veying blades  which  chum  the  composition  and  destroy  the  translucency, 
producing  an  opaque  white  product  of  lard-like  appearance.  The  picker 
is  run  at  a  relatively  high'speed,  say  175  to  180  R.P.M.  Fig.  301  is  an 
end  view  showing  chill  roll,  feeding  trough  and  picker.  In  Fig.  302  the 
cooler  and  picker  appear  on  the  left  hand,  in  the  center  is  a  pump -which 
withdraws  the  product  from  the  picker  and  forces  it  through  the  pipe 
line  to  the  packaging  cocks  on  the  right  hand.     Too  high  a  speed  of 


the  picker  blades  incorporates  an  excessive  amount  of  air  in  the  product 
rendering  it  "  fluffy." 

The  speed  of  rotation  of  the  chilling  roll  is  governed  by  the  rate 
of  feed  and  temperature  of  the  brine.  The  latter  may  be  kept  between, 
for  example,  —  5  to  -f  10"  F.  for  good  results.  If  the  brine  is 
too  cold,  the  product  is  liable  to  drop  badly  from  the  roll  and  the 
texture  is  not  always  satisfactory.  This,  however,  may  be  largely 
remedied  by  increasing  the  feed.  In  winter  the  brine  may  be  held 
at  a  slightly  higher  temperature  to  prevent  brittleness.  In  the  hottest 
weather,  very  cold  brine  should  be  used  to  aid  in  securing  a  prod- 
uct which  will  preserve  its  color  and  consistency  for  a  considerable 
time. 

When  properly  made  the  compound  derived  by  the  hydn^enated  oil 
thickener  is  excellent  in  color,  texture,  flavor  and  keepii^^  qualities. 
By  many  it  is  considered  superior  in  several  respects  to  oleo-atearine 
compound. 

Possibly,  however,  for  best  results  as  to  stability  it  is  desirable  to 
hydrogenate  the  entire  body  of  oil  to  a  fatty  acid  titer  of  36  or  38,  or 
whatever  consistency  may  be  required,  rather  than  to  take  a  relatively 
small  proportion  of  the  oil  and  harden  it  to  a  titer  of  50-60  or  thereabouts 
and  incorporate  with  unhydn^enated  oil.  It  appears  that  the  hydro- 
genation  of  the  total  body  of  the  oil,  by  transforming  the  linoleic  and 
linolenic  compounds  and  the  like,  has  a  tendency  to  improve  the  oil  as 
regards  its  edibility  and  certainly  gives  it  greater  stability.  The  flavor 
of  lard  compound  is,  however,  preferred  by  many  lai^  users  of  lard 


diuiiizk;  I,  Google 


710  INDU8TRUL  CHEMISTRY 

substitute  presumably  because  of  the  proportion  of  normal  oil  which  it 
contains,  and  the  manufacturing  cost  is  lower. 

Diy-shortening.  Hydrogenated  cotton  oil  of  melting-point  58-62°  C. 
may  be  ground  to  a  powder  applicable  as  a  dry-shortening.  The  powdered 
fat  may  be  mixed  with  flour  and  the  dough  batch  made  from  this  stock. 
The  shortening  value  of  the  hard  fat  is  high. 
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LUBRICATING  OILS 

AUGUSTUS  H.  GILL 

Prt^BMor  of  Tedmieal  Chemical  Analysis,  MaamchuselU  InHituU  of  Tecknoloin/i  Cam- 
bridge, Mas*. 

Menttfacture.  The  manufacture  of  the  various  oils  and  fats  has 
already  been  given  in  Chapters  XXII  and  XXIV.  By  way  of  review, 
it  may  be  said  that  the  petroleum  oUs,  which  make  up  the  greater  portion 
of  the  lubricating  oUs,  are  prepared  in  two  ways:  by  a  "cracking"  dis- 
tillation, which  produces  the  bulk  of  the  paraffine  oils,  or  by  a  distillatioQ 
in  which  dry  steam  is  used  to  lift  the  heavy  oil  vapors  out  of 
the  still.  Consequently  the  latter  oils  do  not  require  treatment  with  sul- 
phuric acid  to  refine  them.  Both  classes  of  oila  may  be  filtered  through 
bone  charcoal  or  fuller's  earth  to  improve  the  color;  there  aeems  to  be  a 
clearly  defined  impression  that  the  loss  of  color  is  also  accompanied  by  a 
loss  in  the  lubricating  value.  Acid-treated  oils  emulsify  more  readily 
with  water,  and  partly  on  account  of  the  "sulpho"  compounds  which  they 
contain  are  less  desirable  as  lubricants;  sulphuric  and  sulphonic  acids 
are  difficult  to  remove  completely. 

Besides  these  two  classes  of  oils,  we  have  those  of  a  paraflBne  base  or 
chiefly  CDHzn+2  compounds  and  those  of  an  asphalt  base  or  CdHjd-Si 
CiiH2a-4  (napthenes)  CbHzb  compounds.  The  asphaltic  base  oils  are  about 
1"  Baum^  heavier,  flash  lower,  and  are  much  more  viscous  than  the 
corresponding  paraffine  base  oils;  they  also  lose  their  viscosity  more 
rapidly  except  at  high  temperatures,  when  the  reverse  holds  true.  Con- 
sequently when  these  oils  are  specified,  their  viscosity  should  be  from 
25  to  50,  or  in  some  cases  even  75  per  cent  greater.  The  specifications 
throughout  this  chapter  refer  to  the  paraffine  base  oils. 

General  Considerations.  The  object  of  lubrication  is'  to  diiriiniijh 
Action  and  thiis  conserve  power.  The  shaft  does  not  (or  should  not) 
come  in  contact  with  its  box,  but  revolves  on  a  thin  film  of  lubricant. 
I  Uke  the  conception  of  Southwick  that  the  shaft  rotates  on  the  molecules 
of  (he  oil  as  it  were  upon  the  balls  of  a  ball  bearing.  The  resistance 
which  the  particles  of  this  film  offer  to  being  torn  apart,  or  the  shearing 
modulus,  aa  the  engineer  terms  it,  measures  the  efficiency  of  the  lubri- 
cant employed,  consequently  the  cardinal  principle  underlying  all  lubri- 
cation is  to  uae  the  thinnest  {or  least  viscoue)  oil  that  will  stay  in  place 
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and  do  Ae-  work.  Obviously,  then,  the  viscosity  or  "body"  of  tb©  oil 
is  of  the  greatest  importance  in  choosing  an  oil:  this  should  not  be  taken 
at  any  arbitrary  temperature,  70°,  100°,  or  212"  F.,  but  at  the  temper- 
ature, or  between  the  temperatures,  at  which  the  oUis  used.  It  often  hap- 
pens that  one  oil  is  less  viscous  than  another  at  one  of  these  temperatures 
and  at  the  temperature  of  use  the  reverse  is  the  case,  consequently  the 
other  oil  should  be  chosen,  in  accordance  with  the  principle  given  above. 

Another  important  consideration  to  be  observed  in  choosing  a  lubri- 
cant is,  that  it  should  not  absorb  oxygen  from  the  air,  forming  a  gum 
which  would  increase  the  viscosity,  or  turn  rancid,  and  attack  the 
metals  with  which  it  is  brought  in  contact.  The  liability  to  oxidize 
or  gum  can  be  shown  by  the  gumming  test,  which  also  has  been  found 
to  be  a  measure  of  the  extent  to  which  an  oil  will  carbonize  in  a  gas  or 
gasoline-engine  cylinder.  Besides  these  two  tests,  which  may  be  con- 
sidered as  measuring  the  efficiency  of  the  oil,  other  tests  are  employed 
which  either  measure  the  safety,  serve  to  identify  the  oil,  or  to  determine  if 
it  be  suitable  for  the  purpose  for  which  it  is  intended.  Such  are  the 
flash  and  fire  tests,  the  evaporation  test,  the  free  acid  test,  and  the  test 
for  thickeners  or  soap;  while  the  specific  gravity  of  a  mineral  oil,  iodine, 
Maumen^  and  saponification  values  of  an  organic  oil  serve  either  (o 
identify  it  or  indicate  if  it  be  adulterated.  The  cold  test  and  friction 
test  show  its  availability  under  conditions  approximating  that  of  use. 

Tests,— Rapid  Tests:— Heat  Test  Heat  20-25  cc.  of  the  oil  in  a  flask 
nearly  to  the  flashing  point  and  keep  it  at  this  temperature  for  15  minutes; 
a  satisfactory  oil  will  darken,  but  remain  clear  even  after  standing  a  day. 
A  poorly  refined  oil  changes  to  jet  black,  and  fonus  a  carbon-like  i»e- 
cipitate,  in  consequence  of  the  "sulpho"  compound  previously  mentioaed. 

Emiilsificatioo  Test  This  shows  the  extent  to  which  an  oil  will 
emulsify  with  water  and  should  be  conducted  tt^ther  with  a  known  oil 
as  a  means  of  comparison.  The  oil  is  thoroughly  shaken  ot  stirred 
together  with  an  equal  volume  of  distilled  water  and  allowed  to  settle 
for  a  day.  If  "sulpho"  compounds  be  present  in  the  oil,  they  cause  it  to 
mix  with  the  water,  forming  a  milky  suspension  with  curds  in  it ;  a  good 
oil  shows  a  clear,  well  defined  line  between  the  oil  and  water,  with  little  w 
no  turbidity.  The  results  of  this  test  should  coincide  with  those  erf  the 
heat  test  and  will  usually  show  an  "acid-treated"  oil;  a  filtered  oil  emulsi- 
fies less  than  a  "red"  oil. 

Gasolene  Test  This  is  preformed  by  dissolving  the  oil  in  the  gasolene 
(from  Pennsylvania  crude)  and  noting  the  amount  of  precipitate  or  tar 
produced.  It  indicates  adulteration  with  heavy  asphaltic  oils  or  tarry 
still  residues. 

The  other  testa  to  be  made  will  naturally  vary  according  to  the  use 
for  which  the  oil  is  intended.  The  viscosity  and  gumming  tests  are  ctf 
carding  importance,  and  should  be  applied  to  all  lubricating  oils;  if 
the  oil  is  to  be  used  indoors,  the  flash,  fire  and  evaporation  tests  should 
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be  applied,  as  they  meaaure  the  fire  risk;  the  cold  test  indicates  the 
availability  of  the  oil  at  the  working  temperature;  the  emulsification 
test  shows  the  behavior  of  the  oil  when  in  contact  with  water,  in  the 
crank  case  or  turbine;  the  gasolene  t«8t  ahowa  the  heat  treatment  of  the 
oil  or  its  adulteration  with  "still  bottoms";  the  gravity  indicates  the  base 
of  an  oil — whether  parafSne  or  asphaltic,  and  the  iodine,  Maumen^  and 
saponification  tests  serve  usually  to  identify  the  organic  oils. 

Visco&ify.  This  term  represents  the  degree  of  fluidity  of  an  oil  or 
its  internal  friction.  It  is  independent  of  the  specific  gravity  of  the  oil 
although  this  in  pipette  instruments  influences  the  time  of  efflux.  Within 
certain  Umits  it  may  be  taken  as  the  measure  of  the  value  of  an  oil  es 
a  lubricant,  by  comparing  the  viscosity  of  the  oil  under  examination 
with  that  of  other  oils  which  have  been  found  to  give  good  results  in 
practice.  It  is  usually  determined  by  noting  the  time  in  seconds  required 
for  a  certain  quantity  of  oil,  60  cc,  to  flow  through  an  orifice  at  a  certain 
temperature.  The  Saybolt  Universal  Viscosimeter  is  the  mstrument 
generally  used  by  the  oil  trade,  although  the  Engler  has  been  adopted 
by  certain  U.  S.  Government  bureaus.  For  greases  and  lumpy  solutions 
the  Doolittle  Torsion  or  MacMichael  viscosimeter  is  recommended. 

Gumming  Test.  This  test  gives  an  idea  of  the  amount  of  change 
that  may  be  expected  in  a  mineral  oil  when  in  use.  The  resinified 
products  formed  increase  the  friction  of  the  revolving  or  rubbing  sur- 
faces. It  is  also  a  measure  of  the  amount  that  an  oil  will  carbonize  in 
a  gasolene  cylinder.  It  depends  upon  the  amount  of  change  or  tarry 
matter  produced  in  the  oil  by  mixing  it  with  nitrosulphuric  acid. 

Flash  and  Fire  Test,  The  flash  test  is  the  lowest  temperature  to  which 
the  oil  must  be  heated  to  give  off  vapors  in  sufficient  quantity,  which, 
when  mixed  with  air,  produce  an  explosive  mixture.  This  temperature 
in  the  case  of  a  lubricating,  oil  should  not  be  below  300°  F.  The  fire  test 
is  the  lowest  temperature  at  which  it  will  give  off  vapors  which  when 
ignited  will  bum  continuously. 

The  test  is  made  by  heating  the  oil  at  a  definite  rate  either  in  the  Cleve- 
land (open  cup)  tester  or  in  the  Pensky-Martin  (closed  cup)  tester.  The 
latter  gives  the  more  concordant  and  also  the  lower  result. 

Evaporation  Test  The  evaporation  test  shows  the  quantity  of 
ofly  vapor  an  oil  will  give  off  at  the  averse  temperature  of  the  bearing; 
this  quantity  should  not  exceed  5  per  cent,  and  is  of  importance  in  two 
ways.  It  represent*  the  amount  of  oil  serving  its  purpose,  and  of  oily 
vapor  affecting  the  fire  risk. 

Free  Add  Test.  The  free  acid  test  shows,  as  its  name  denotes,  the 
amount  of  uncombined  acid  contained  in  the  oil:  this  in  the  case  of 
mineral  oils  is  sulphuric,  coming  from  the  refining  process;  with  the 
organic  oils  it  is  an  indication  of  age  or  rancidity  and  is  usually  oleic. 
There  should  be  no  free  sulphuric  acid,  although  some  authorities  say 
it  must  not  ecceed  0.3  per  cent,  calculated  as  SO3.    Others  say  that 
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the  combined  sulphur  must  not  exceed  this  quantity;  the  permissible 
amount  of  oleic  acid  varies  according  to  the  purpose  for  which  the  oU 
is  to  be  used;  for  tallow  for  cylinder  oils  not  more  than  0.15  per  cent, 
for  prime  lard  for  signal  oil  not  more  than  0.2,  and  for  extra  No.  i  lard 
not  more  than  1.5  per  cent.  Free  acid  in  oil  attacks  the  metals  of  the 
bearings,  journals,  cylinders,  and  containers,  and  in  the  case  of  signal  oils 
chars  the  wick  so  that  the  flame  ia  extinguished  sooner  than  it  should  be. 

Soap  Test.  Test  for  "oil  pulp,"  or  soap:  To  artificially  and  tem- 
porarily increase  the  viscosity  of  oils — in  order  to  pass  specifications 
— recourse  is  had  to  the  addition  of  a  small  percentage  of  "  dope,"  "  oil 
thickener,"  or  "  white  gelatine,"  a  soap,  usually  oleate  of  aluminium. 
This  greatly  increases  the  viscosity,*  causes  the  oil  to  chill  more  earaly 
and  to  emulsify,  thus  increasing  the  friction.  Furthennore,  it  is  precip- 
itated by  contact  with  water  or  steam,  causing  clogging  of  the  machinery. 

^edflc  Gravity.  The  specific  gravity  of  an  oil  when  stated  as  a 
decimal  indicates  the  usual  relation  to  water;  this  is  commonly  employed 
with  the  oi^anic  oils;  the  gravity  of  the  mineral  oils  is  expressed  in 
degrees  of  the  BaumS  scale  for  liquids  lighter  than  water;  here  water 
is  10°,  engine  oil,  for  example,  may  be  26^  spindle  oil  35°,  kerosene  47°, 
stove' gasolene  62°,  illuminating  gasolene  86°;  it  is  to  be  noted  that  the 
lighter  the  oil  the  tai^er  number  on  the  Baum£  scale.  These  degrees 
have  no  connection  with  the  flash-point,  fire-point,  or  boiling-point  of 
the  oils. 

Iodine  Number.  The  iodine  number  or  value  represents  the  per 
cent  of  iodine  absorbed  by  the  oil  under  fixed  and  precise  conditions: 
this  is  quite  a  definite  characteristic  of  oils,  although  the  very  fact  they 
are  of  organic  origia  means  that  the  vegetable  oils  are  subject  to  chaining 
seasons  and  the  animal  oils  to  change  m  feed.  In  the  case  of  olive  oil 
the  variation  in  the  iodine  number  is  from  77  to  88;  it  is  imposable, 
therefore,  to  express  the  adulteration  of  olive  oil  more  cloeely  than  about 
5  per  cent. 

Maumenfi  Test,  or  the  heating  test  with  sulphuric  acid,  is  one  of 
the  most  important  testa  to  determine  the  variety  or  kind  of  an  oil:  it 
possesses  the  advantage  that  it  requires  no  complicated  rpparatus  and  is 
simple  in  execution.  It  depends  upon  the  principle  that  when  oils  are 
mixed  with  sulphuric  acid,  heat  is  produced  and  the  quantity  of  heat  so 
produced  is  characteristic  of  the  various  oils.  The  results  are  usually 
reported  as  the  rise  of  temperature  in  d^rees  centigrade  obtained  when 
10  cc.  of  acid  is  mixed  with  50  grams  of  oil. 

S^Kmificetion  Value.  The  saponification  value  indicates  the  numb^ 
(A  milligrams  of  potasuum  hydrate  required  to  saponify  one  gram  of 
oil;  as  this  for  most  of  the  oils  is  about  193  it  is  no  criteritHi  by  which  to 
distinguish  one  oil  from  another.    Its  chief  value  is  to  determine  if  an 

'In  a  case  which  rame  to  tlie  wiiter'a  notim,  the  tnl  would  not  Soir  rrem  the 
viscodmeter  at  70°  F.,  required  1167  seconds  at  85°  and  ISl^seconda  at  110°. 
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oi^anic  oil  be  adulterated,  or  compounded  with  an  unsaponifiable  one, 
as  mineral  or  rosin  oil.  This  is  done  by  dividing  the  Baponification  value 
obtained  by  193;  the  quotient  represents  approximately  the  per  cent  of 
organic  oil. 

Cold  Test  The  cold  test  is  the  temperature  at  vhich  the  oil  will 
just  flow  and  indicates  the  availability  of  the  oil  at  this  temperature. 
Ca3^  are  on  record  of  the  stalling  of  railroad  trains  and  the  setting  fire 
to  the  factories  owing  to  the  oil  freezing  in  the  joiunal  boxes. 

Friction  Test  The  friction  test  measures  the  power  consumed  by 
the  oil.  This  is  carried  out  upon  a  bearing  as  nearly  perfect  as  can  be 
made  foy  mechanical  skill  and  under  what  may  be  called  ideal  conditions 
— regularity  of  feed,  temperature,  and  pressure.  In  performing  this 
test,  it  should  be  remembered  that  the  effects  of  the  oil  previously  used 
upon  the  machine  persist  for  about  eight  hours,  even  though  the  shaft 
and  bearing  be  chemically  clean.  Consequently  reliable  readings  cannot 
be  obtained  until  after  the  machine  has  run  at  least  this  lengthof  time 
with  the  oil  to  be  tested. 

Qioice  of  OQs  for  Certain  Purposes.  R.  H.  Thurston  said,  "  I  have 
learned  not  to  dogmatize  about  oils;  the  only  thing  to  do  in  any  case 
is  to  test  them  and  see  just  what  they  are  good  for."  By  "  test "  be 
meant  either  a  friction  test  or  "  practi<»l  "  test.  While  this  is  of  course 
true,  yet  the  former  is  tedious  and  the  latter  may  involve  too  much 
risk,  and  equally  good  results  for  practical  purposes  can  almoet  always 
be  obtuned  by  the  use  of  brief  physical  and  chemical  tests  such  as 
viscosity,  flash,  and  specific  gravity.  Practically  the  only  case  where  these 
constants  do  not  hold  is  where  the  oil  is  emulsified  with  water  when 
used,  and  here  the  water  seems  to  exercise  a  decided  influence. 

The  selection  of  a  suitable  oil  is  determined  by  the  pressure  on  the 
bearing  per  unit  area — a  square  inch — and  is  independent  of  the  site  of 
the  bearing;  thus  it  can  happen  that  the  same  oQ  can  be  used  both  on  a 
large  and  a  smidl  bearing. 

From  what  has  idready  been  said,  an  oil  should  be  sufficiently  fluid 
to  flow  readily  between  a  journal  and  its  bearing  at  the  temperature 
of  use,  and  not  be  forced  out  by  the  pressure  under  which  it  is  running 
or  to  which  it  is  likely  to  be  exposed;  any  viscosity  in  excess  of  this  means 
a  needless  waste  of  power.     (Apply  the  viscosity  test.) 

The  fact  should  not  be  overlooked  that  mineral  oils  lose  their  viscosity 
rapidly  when  heated,  more  so  than  the  organic  oils,  and  that  the  tendency 
of  the  latter  is  to  increase  the  viscosity. 

A  suitable  lubricating  oil  should  not  gum  or  thicken  on  exposure  to 
the  air  (gumming  test) ;  it  should  not  give  off  inflammable  vapors  below 
300°  F.  (flash  test);  nor  lose  more  than  4  per  cent  on  exposure  for  a 
working  day  at  the  temperature  of  the  bearing  upon  which  it  is  used 
(evaporation  test).  It  should  contain  no  acid  to  attack  the  bearing  or 
shaft  (free  acid  test).    It  should  have  the  least  possible  cohesion  among 
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its  own  particles  and  the  greatest  possible  adhesion  to  the  metals  of 
which  the  shafts  and  bearings  are  composed.  Petroleum  oils  fulfill  the 
first  condition  and  anJTnnl  or  vegetable  oils  the  last. 

In  addition  to  the  conditions  just  outlined,  the  way  and  manner  in 
which  the  oil  is  applied  or  the  "  feed  "  influences  the  choice.  The  various 
feeds  may  be  divided  into  forced,  gravity,  ring  or  wick,  splash,  flooded 
bearing  and  hand  feed,  or  combinations  of  these.  Of  these  the  forced, 
gravity,  and  ring  or  wick,  are  economical,  of  high  efficiency,  collect  little 
dirt,  and  in  the  case  of  two  first,  furnish  strained  oil  and  use  a  li^t  or 
medimn-bodied  oil;  the  same  holds  true  of  the  flooded  bearing  except 
as  regards  the  efliciency  in  the  recovery  of  the  oil.  The  chief  disadvantt^ 
(rf  the  splash  feed  is  that  any  dirt  and  wear  from  the  bearings  are  not 
separated  from  the  oil.  Hand  feeding  is  most  wasteful  and  inefficient, 
depending  upon  the  efficiency  of  the  individual.  Forced  feed  is  employed 
with  high  speeds  and  bearing  pressures;  it  uses  a  somewhat  more  viscous 
oil,  particularly  with  automobiles  than  the  other  types  of  feed. 

Wear  and  Tear  of  Oils.  The  question  is  often  asked  as  to  whetha 
oils  "wear  out";  this  continues  the  Southwick  conception  of  the  ball 
bearing  and  implies  that  the  balls  or  molecules  break  or  wear  out.  Car- 
penter and  Sawdon  showed  that  the  gravity  and  viscosity  of  oils  in  cir- 
culating systems  increased,  but  the  actual  friction  test  was  slightly  Iowa 
St  low  pressures,  and  a  trifie  higher  at  high  pressures.  With  automobile 
lubrication  the  dilution  of  the  oil  by  the  gasolene  residues  cause  it  to 
become  thinner;  consequently  fresh  oil  should  be  added  to  a  circulating 
system  to  keep  the  viscosity  practically  constant. 

Air  Conqiressor  Oils.  The  oil  should  have  a  low  evaporation  test 
and  a  flash-point  at  least  100°  F.  higher  than  the  h^est  temperature 
likely  to  occur  in  the  cylinders.  A  filtered  oil  should  be  used,  and  for 
pressures  up  to  125  pounds  per  square  inch  it  should  have  a  viscosity  of 
270  seconds  at  100°  F.  for  higher  pressures  an  oil  of  320  seconds  or  higher 
at  100°  F.  should  be  used. 

AubnnobUe  or  Gas  Engine  Oils.  Gas  engine  oils,  particularly  for  the 
cylinders,  should  possess  as  their  chief  requisite,  besides  that  of  lubri- 
cation, the  property  of  not  carbonizing  at  the  temperatures  attained.  The 
lialnlity  of  carbonization  seems  to  be  intimately  connected  with  the  amount 
of  tarry  matter  yielded  in  the  gumming  test  and  residue  in  the  carbon 
residue  test.  For  automobiles  the  oils  of  the  following  characteristics 
have  yielded  good  results.  Flash  400-470'',  viscosity  180-185  seconds 
(at  100°  F.,  Saybolt  Universal)  gumming  testa  very  slight  or  sl^t.  For 
lai^e  size  gas  engines  probably  a  heavier  oil  would  be  required  bavii^ 
these  characteristics;'  gravity  2&-28°  B4.,  flash  400-475°  F.,  viscosity 
250  seconds  at  70'  F.  or  at  ICO"  F. 

Belt  Oils  or  Dressings.  Where  the  object  is  the  softening  of  the  belt 
they  are  usually  mixtures  of  solid  fat,  waxes,  degras,  or  tallow  with  fish 
>  Davis,  "  FridJon  and  Lubrication,"  p.  121. 
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oOb  to  miUce  the  belts  cling;  in  some  cases  th^  are  mixtures  either  of  com 
m  cotton-seed  oils,  which  have  been  treated  with  sulphur  chloride,  with 
mineral  oil  and  thinned  with  naphtha,  or  they  may  be  mixtures  of  the 
above  fats  with  rosin  of  rosin  oil.  These  are  least  desirable.  Preparations 
containing  wood  tar  are  also  used. 

Car  Oils,  Reduced  Oils,  Well  Oil,  Black  Oils.  These  are  common^ 
crude  oils  from  which  the  more  volatile  portions,  the  naphthas,  and,* 
burning  oils,  have  been  removed  by  distillation.  Some  railroad  specifica- 
tirais  require  a  gravity  of  29"  B4:.,  flash-point  280-300°  F.,  cold  test  10-32'' 
F.,  according  to  the  season  of  use,  and  a  viscosity  160  to  220  seconds 
at  130°  F,  The  lower  figures  refer  to  the  "  summer,"  the  higher  to  the 
"  winter  "  oils. 

Ice-nuichine  Oils.  These  are  Ught  spindle  oils  of  a  gravity  of  26t>27'' 
Bi.  60  to  100  seconds  at  70°  F.,  viscosity  325-360°  F.,  flash,  and  a  cold 
test  of  0  to  4°  F. 

Crank-case  Oils.  These  should  emulsify  but  Uttle  with  water,  con- 
sequently should  be  pure  filtered  mineral  oils  and  not  acid-treated  oils. 
Much  seems  to  depend  upon  the  water  with  which  the  oil  is  mixed  in  the 
crank  case,  so  it  is  difficult  to  predict  how  oils  of  practically  the  same  con- 
stants will  tehave  with  different  waters.  An  oil  giving  these  figures  has 
proved  eminently  satisfactory:  gravity  26-27°  Bd.,  flash  455°  F.,  viscosity 
100  seconds  at  212°  F. 

Cylinder  Oils.  Cyhnder  oils,  or  more  accurately,  steam  cylinder 
oils,  as  the  Germans  call  them,  are  divided  into  low  and  high  pressure. 
Here  a  different  problem  has  to  be  met,  that  of  making  the  oil  adhere 
to  the  surfaces  of  the  piston  and  valves.  This  is  accomplished  by  the 
addition  of  some  fatty  oil  which  adheres  to  the  metals  and  the  mineral 
oil  adheres  to  it.  The  action  of  the  fatty  oils  would  seem  to  be  analogous 
to  that  of  a  mordant  in  5xing  dyes.  Pure  fatty  oils,  while  they  have  been, 
and  may  now  in  some  cases  (with  low  pressures)  be  used,  are  open  to 
the  objection  that  these,  being  glycerides,  are  decomposed  by  h^h-pressure 
steam  with  the  hberation  of  fatty  acids  which  attack  the  iron  of  the 
cylinder,  causing  pitting  and  scoring. 

C3Hs(St)3+3H20=C3H8(OH)3-|-3HSt.» 

On  the  other  hand,  when  the  condensed  water  from  the  exhaust  steam 
is  used  as  boiler-feed  water,  owing  to  the  fact  that  these  fatty  oils  emulsify 
so  well  with  it,  renders  it  necessary  to  use  pure  mineral  oils.  The 
cylinder  stocks,  that  is,  the  pure  petroleum  bases,  have  the  following 
characteristics.  Gravity  23  -2S°  Bo.,  Hash  500-630°  F.  viscosity  100-230 
seconds  at  212°  F.  It  would  seem  hardly  necessary  to  state  that  the 
low-pressure  oil  should  have  the  lower  of  these  figures.  The  viscosity 
of  cylinder  oils  should  be  taken  at  the  temperature  corresponding  to  the 
'St-Stearic  acid-C„H»COOH. 
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prasatire  at  which  they  are  to  be  used. '  For  superheated  eteam  the  fol- 
lowing figures  are  given  for  the  oil  to  be  used:  Sash-point  625-640°  F., 
viscosity  315-325  seconds  at  212°  F. 

The  fatty  oils  used  are,  de^ras,  tallow,  linseed,  cottonseed,  and  blown 
rape,  all  as  free  from  acid  aa  possible  and  in  quantities  varying  frcnt 
1  to  25  per  cent;  the  wetter  the  steam  the  larger  the  amount  of  com- 
*pounding. 

Engine  Oils.  Engine  oils  are  classed  aa  l^t  and  heavy;  besides 
being  used  for  engines,  aa  their  name  denotes  they  find  general  employ- 
ment for  shafting,  machinery,  etc.,  about  the  mill  or  works.  X'ley  are 
iisually  hydrocarbon  oils  of  gravity  32-23°,  flash  300-430°  F.,  and  vis- 
cosity from  50-400  seconds  at  70°  F.  "  Where  the  duty  is  heavy  or  the  bear-  . 
ings  are  roi^,  they  are  sometimes  mixed  with  animal  oils,  as  lard  or 
whale  oils. 

A  heavy  oil  has  a  viscosity  of  280-340  seconds  at  100°  F.;  medium 
is  175-200  seconds,  and  light  50-150  seconds  at  100°  F. 

For  Diesel  engines*  special  oils  are  required  as  follows:  for  high- 
speed marine  engines,  a  neutral  filtered  oil  of  150  seconds  viscosity  at 
100°  F.;  for  heavier  ei^ines,  a  filtered  cylinder  stock  of  150  seconi^ 
viscosity  at  212°  F.,  for  heavy  and  slowspeed  engines;  an  oil  of 
450  seconds  viscosity  at  100°  F. 

Greases.    Gillett  ^  divides  the  greases  into  six  classes: 

1.  The  tallow  type,  a  mixture  of  tallow  with  palm-oil  soap  with  some 
mineral  oil;  this  was  common  twenty  years  ago. 

2.  The  soap-thickened  mineral-oil  type,  a  mixture  of  mineral  oil, 
usually  with  lime  or  sometimes  soda  soaps,  the  commonest  type  at  present. 

3.  Types  1  or  2  mixed  with  graphite,  talc,  or  mica. 

4^  The  rosin-oil  type,  a  mixture  of  rosin  oQ  thickened  with  lime, 
or  sometimes  Utharge,  with  mineral  oil.  They  contain  often  20  to  30 
per  cent  of  water  and  are  used  as  gear  greases.  They  may  contain  also 
tar,  pitch,  ground  wood,  or  cork,  and  any  of  the  fillers  mentioned  in  3. 

5.  Non-fluid  oils:  oils  or  thin  greases  stiffened  with  "oil  pulp"  or 
"  dope,"  i.e.,  aluminium  oleate. 

6.  Special  greases  with  special  fillers. 

These  greases  show  a  high  coefficient  of  friction  at  first,  causmg  a  rise 
of  temperature  which  melts  the  grease,  producing  the  effect  of  an  oil- 
tubricated  bearing.  The  graphite  greases  show  an  unexpectedly  low 
lubricating  power;  the  rosin  greases  show  a  high  friction  at  first,  but 
after  the  bearing  has  warmed  up  compare  well  with  the  more  racpensive 
greases.  The  high  moisture  content  would  seem  to  have  the  advantage 
of  making  them  less  sticky.  The  lime  soap  greases  (Class  2)  are  not 
as  good  as  the  tatlow  greases  (Class  1),  and  are  inferior  as  lubricants 
to  those  compounded  with  soda  soaps, 

I.  197. 
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By  cbooeang  the  materiab,  soft  or  bard  aoaps,  and  light,  medium  or 
heavy  oils,  or  solid  greases,  with  suitable  fillers  talc  or  graphite,  and  vary- 
ing their  proportions,  greases  can  be  made  in  any  desired  conmstency, 
from  the  semi-fluid  oil  to  the  hot  neck  grsase. 

Greases  are  in  many  cases  to  be  preferred  to  oils,  particularly  where 
oil  spots  from  the  bearings  are  to  be  avoided.  They  are  used  upon 
dynunos,  shaftii^,  gears,  and  where  heavy  pressure  is  applied,  as  in  the 
trains  of  rolls  in  rolling  mills. 

Some  of  these  greases  have  received  special  names,  as  fiber  grease,  gear 
or  pinion  grease,  graphit«  grease,  petroleum  grease,  and  hot  neck  grease. 

Fiber  grease  is  so  called  because  it  appears  to  be  fibrous,  especially 
when  pulled  apart;  it  is  an  anhydrous  soda  or  potash  soap  (Class  1)  mixed 
with  mineral  oil.  Gear  grease  is  usually  a  mixture  of  fiber  grease  with 
mineral  oil,  or  it  may  contain  rosin  oil  (Class  4).  Pinion  grease  is  commonly 
made  from  petroleum  residuum  (stiU  bottoms);  pine  tar  is  often  added, 
and  in  some  cases  the  grease  consists  solely  of  this  tar  to  the  detriment  (tf 
its  lubricatii^  qualities. 

Graphite  grease  is  a  mixture  of  about  one  part  graphite  uid  two  parte 
geax  grease;  it  is  especially  useful  in  wet  places,  as  it  is  not  easily  washed 
out  of  the  bearings,  particularly  if  it  be  compounded  with  a  lime  soap. 
Petn^eum  grease  is  a  heavy  vaseline-like  body  obtained  from  still  residues 
(Chapter  XXII)  after  the  cylinder  oil  has  been  distilled  off.  Hoi  neck 
grease  is  the  stiffest  of  all  the  greases;  it  is  usually  a  steariae  or  wool 
grease  pitch,  or  petroleum  residuum  mixed  with  rosin,  talc  and  graphite. 

The  following  tests  are  usually  applied  to  the  greases:  flash,  free 
acid,  dropping-point,  soap  content,  free  oil  or  fat  saponifiable  and  min- 
eral, free  lime,  fillers,  and  water. 

For  the  flash-point  a  50  cc.  porcelain  crucible  is  used;  the  free  acid 
ia  determined  as  with  the  oils;  the  dropping-point,  according  to  Ubbe- 
lohde's  method,  by  noting  the  temperature  at  which  drops  fall  from  a 
tube  of  grease  surrounding  the  thermometer  and  having  a  standard  orifice 
at  the  bottom.  The  soap  content  is  most  readily  determined  by  ashing 
the  grease  and  applying  the  usual  quantitative  methods  to  the  ash. 
The  free  oil  or  fat  is  determined  by  extraction  with  gasolene,  or  if  lime 
soaps  be  present,  with  ethyl  acetate  at  room  temperature ;  the  oils  extracted 
are  examined  as  described  under  oils;  the  free  lime  and  fillers  are  deter- 
mined by  the  usual  quantitative  methods.  Water  is  best  determined 
'  by  distilling  with  xylol  according  to  Marcusson.'  The  table  on  the 
following  page  shows  the  composition  of  some  of  the  greases. 

Grease  or  "  cup  grease "  should  be  homogeneous,  and  contain  at 
least  80  per  cent  mineral  oil  of  24-28°  B^. ;  it  should  be  neutral — contain- 
ing neither  free  alkali  nor  fatty  acids,  nor  should  it  contain  grit  nor  useless 
fiUer,  as  parafiin  wax.  The  ash  should  not  exceed  2.75  per  cent,  and 
the  loss  on  evaporation  for  an  hour  at  110°  should  not  exceed  3  per  cent. 
■  Mitt,  k-  MaterialsprilfunKumt,  M,  48, 
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COMPOSITION  OF  SOME  GREASES  • 
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0 
0 
0 
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.097 
.075 
.063 
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,054 
,046 

Winter  motor 

KI 

K2 -,, 

Tallow 

Tallow  XX 

Lead  resin  oa 

Lime  resin  oil 

.029 
.067 
.048 
.036 
.019 
,026 
.018 

No.  4  petrolatum 

■LMdmp,     >CaO.         •  Soda  Map.        •  Miinly  pdm  «1,         •  Oil  ot  24,2°  B«.         'Paraffin. 

Marine  eogine  oils  have  about  the  following  chara«t«risticB:  gravity 
22-24°  B&.,  viscosity  350-580  seconds  at  100°  F.;  flash  395-^70°  F. 
These  are  usually  compounded  with  aa  much  as  15  per  cent  of  extra  No.  1 
lard,  or  25  per  cent  of  blown  rape  oil  to  give  them  lathering  properties  in 
contact  with  water.  Experience  has  shown  that  the  addition  of  these 
organic  oils  is  unnecessary;  they  are  expensive  and  gum  the  wick  feeds. 

HUling  Machine  or  Soluble  Oils,  These  are  usually  lard,  sulphonatcd 
oils,  or  mineral  oils  held  in  suspension  by  soaps  or  alkalies,  as  borax- 
sodium  carbonate;  th&  soaps  are  either  ammonium,  sodium,  or  potas- 
sium, with  oleic,  resin,  or  sulpho  fatty  acids.  They  should  not  appreciably 
attack  the  metals  and  should  form  a  persistent  emulsion.  The  U.  S. 
Navy  requirements  are  that  upon  twentj-four  hours'  standing  upon 
polished  brass,  or  copper  it  must  not  be  turned  green,  German  require- 
ments are  that  a  steel  plate,  30  by  30  by  3  mm.  should  not  lose  more  then 
18  mg.  in  a  1  or  2  per  cent  solution  of  the  oil  after  l3ring  for  three  weeks 
in  it. 

Neutral  Oil.  An  oil  without  "  cast "  or  "  bloom,"  obtained  by  sun- 
ning in  shallow  tanks.  The  term  was  formerly  applied  to  oils  of  32-36° 
B6.,  290-318°  F.  flash  and  47-81  seconds  viscosity  at  70°  F. 

At  present  the  term  includes  "  viscous  neutrals  "  of  a  viscosity  above 
135  seconds  at  100°  F.  and  "  non-viscoua  neutrals  "  below  this  figure. 
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'*  Oil-dag.**  This  is  the  term  applied  by  Acheeon,  the  discoverer 
and  maker  of  carborundum  and  artificial  graphite,  to  a  colloidfd  sus- 
pension of  pure  defloceulated  graphite  in  oil,  so  fine  that  it  will  go  throi^ 
the  finest  filter  paper.  Care  must  be  taken  that  the  oil  is  free  itcaa  acid, 
whether  mineral  or  oiganJc,  as  this  causes  s  precipitation  of  the  graphite. 

OQless  Bearings.  These  are  wooden  blocks,  often  of  maple  thoroughly 
impr^nated  with  35  to  40  per  cent  of  greaae,  which  replace  metal  journals; 
the  grease  may  be  a  mixture  of  paraffin,  myrtle,  or  beeswax  with  steaiine, 
tallow  or  vaseline. 

Screw-cutting  OUs.  These  are  often  mixtures  of  28-20°  B£.  paraffin, 
and  25-30  per  cent  fatty  oil,  preferably  cottonseed,  although  lard  and 
whale  are  sometimes  used. 

Textjlfl  Machinery  Oils.  These  are  spindle  oils,  loom  oils  and  the 
various  kinds  of  engine  oils. 

Lotnn  OtL  This  is  merely  a  heavy  spindle  oil.  One  which  the  writer 
tested  had  a  gravity  of  28°,  flash  360°  F.,  and  viscosity  of  203  seconds. 
Here,  as  in  the  case  of  sfundle  oils,  the  evaporation  test  should  be  low, 
as  the  hydrocarbon  vapors  formed  have  occasioned  serious  fires. 

Sjrindle  OiL  This  is  the  lightest  and  most  fluid  of  the  lubricating 
oils.  The  gravity  varies  from  27-35°  B^.,  the  flash  from  320-430°  F., 
the  viscosity  30  to  400  seconds  Saybolt  at  70°  F.,  and  the  evaporation 
teat  should  not  be  over  4  per  cent.  From  what  has  already  been  said, 
nowhere  is  the  necessity  for  low  viscosity  greater  than  in  the  case  of 
tB%se  spindle  oils  when  the  bearings  are  multipUed  by  thousands.  A  case 
is  on  record  where  the  increase  in  the  viscosity  of  the  spindle  oil  stopped 
the  engine  and  shut  down  the  mill.  Besides  being  used  for  spindles  it  is 
used  for  sewing  machines,  typewriters,  etc. 

For  bath  spindles  the  viscosity  may  be  95  to  lOO  seconds  at  100°  P.; 
for  open  spindles  this  may  be  increased  to  140  or  150  seconds. 

Stainless  Oils.  These  are  spindle  or  loom  oils  mixed  with  fatty  oils 
— lard  or  neatsfoot;  the  fatty  oil,  being  more  easily  emulsified  or  possibly 
saponified  in  the  scouring  process,  aids  materially  in  washing  out  the 
mineral  oil  with  which  it  is  mixed.  One  type  of  these  oils  is  compounded 
(^  40  per  cent  neutral  oil,  30  i>er  cent  cottonseed,  20  per  cent  olive,  and 
10  per  cent  first-pressing  castor. 

Transfoimer  Oils.  These'*  should  be  either  pure  rosin  or  mineral 
oils  and  be  free  from  water,  acid,  alkaU,  and  sulphur.  They  may  be  freed 
from  the  first  two  impurities  by  treatment  with  sodium  wire  after  the 
usual  method  d  organic  chemistry.  They  should  not  lose  more  than 
2  per  cent  when  exposed  to  190°  F.  for  eight  houra,  have  a  viscosity  of 
about  400  seconds  at  70°  F.,  a  flash  of  340-380°  F.,  and  remain  liquid 
at  32°   F. 

Turbine  OiL  Steam  turbines  require  a  pure  filtered  oon-emulsifiable 
mineral  oil  of  most  excellent  quality;  as  the  oil  is  circulated  around  the 
bearings  by  a  pump  it  should  be  of  low  viscosity  and  gravity  and  free  from 
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acid,  mechanicat  impurities,  and  tendeiK^  to  resinify:  it  iJiould  be  low 
in  sulphur  contents.  Ad  oil  of  29-31°  B4.,  145-180  seconds  viscoaty  at 
100°  F.,  and  390-420°  F.  flash  hae  given  good  results. 

Watch  OiL  For  oiling  the  most  delicate  machineiy  as  watches  (and 
docks)  the  oil  obtained  from  the  dolphin,  bkckfi^  or  "  snuffer  "  is  used. 
This  exists  in  the  cavities  of  the  jaw  and  also  in  the  brain  or  "  melon  " 
of  the  fish;  it  is  rendered  at  a  4ow  heat,  chilled  and  filtered  at  a  low  tem- 
perSLUre,  bleached  and  refined  by  sunning  in  contact  with  lead  plates 
to  remove  acid.  It  is  a  pale  yellow,  very  fluid  oil  of  peculiar  odor;  the 
viscosity  is  about  100  seconds  at  100°  F. 

Finally,  in  making  out  specifications,  certain  mechanical  details 
Ediould  not  be  overlooked.  The  barrels  should  be  clean  and  the  oil  should 
be  free  from  specks,  dirt,  stesxine,  glue,  or  anything  likely  to  clog  the 
lubricators  that  may  be  used;  the  oil  should  be  free  from  tar  (still  bot- 
toms) as  shown  by  the  gasolene  test,  and  if  compounded  should  be  com- 
posed of  oils  that  mix  perfectly. 
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CHAPTER  XXVIII 

SOAP  AND  SOAP  POWDER 

UNCOLN  BURROWS 

Sstcoical.  Before  the  invention  of  soap,  the  ancients  employed 
the  juice  of  certain  planta  as  detei^ents,  and  also  Fuller's  earth.  The 
latter  was  spread  upon  the  clothes  and  stamped  in  with  the  feet.  The 
art  of  Boapmaking,  however,  is  very  old,  as  is  proven  by  the  remains 
of  a  soapmaker's  shop  found  in  the  ruins  of  Pompeii.  Early  records 
show  that  soap  was  manufactured  in  Italy  and  Spain  during  the  eighth 
century.  The  first  soap  works  in  France  was  established  at  Marseilles 
in  the  twelfth  century,  when  ohve  oil  was  first  employed  for  the  purpose 
of  soapmaking.  It  was  during  the  fourteenth  century  that  soapmaking 
is  supposed  to  have  been  introduced  into  England. 

The  methods  employed  in  the  early  days  of  the  industry  were  very 
crude,  and  it  was  only  when  Leblanc  introduced  his  process  for  the 
manufacture  of  soda  from  common  salt  that  the  industry  made  any 
advancement.  It  was  Chevreul,  however,  who  riused  soapmaking  from 
rule-of-thumb  methods  to  a  true  scientific  industry. 

Theory  of  Soap-making.  When  tallow,  lard,  palm  oil,  com  oil,  or 
other  fatty  material  is  treated  with  a  solution  of  sodium  hydroxide  or 
potas^um  hydroxide,  a  chemical  change  takes  place,  resulting  in  the 
formation  of  a  product  soluble  in  water,  and  possessing  properties  entirely 
different  from  the  original  oU  or  fat  employed.  When  the  soluble  product 
is  treated  with  an  acid  the  resulting  body  becomes  insoluble.  If  this 
operation  b  conducted  in  a  quantitative  manner  it  wiU  be  found  that 
the  insoluble  substance  obtained  from  the  acid  treatment  is  only  about 
90  per  cent  of  the  original  weight  of  the  fat.  Something,  therefore, 
has  been  eliminated  during  the  operation.  This  may  be  recovered  from 
the  acid  liquor  by  evaporation,  and  is  found  to  possess  a  sweet  taste, 
an  oily  consistency,  and  b  known  as  glycerine.  The  insoluble  portion 
recovered  above  has  an  acid  reaction,  when  combined  with  alkali  is 
soluble,  and  upon  investigation  proves  to  be  made  up  principally  of  such 
compounds  as  stearic,  palmitic,  and  oleic  acids.  Thus  we  draw  the  con- 
clusion that  fats  are  glycerides  of  fatty  acids;  and  that  in  soap-making 
the  caustic  alkali  decomposes  the  fatty  glycerides  with  the  formation  of 
salts  of  the  fatty  acids  known  as  soap,  and  the  separation  of  glycerine. 

723 


vL.OOgIC 


INDUSTRIAL  COIEMISTRT 


In  bcaled  801^)8  this  glycerine  is  separated,  while  in  half-boil«d  or  cold- 
made  Boaps  it  is  not,  and  renuuns  a  part  of  the  soap. 
This  reaction  is  indicated  in  the  following  equation; 

CrHafiCOOCHa    NaOH    CnHacCOONa    CH2OH 

CiTHssCOOCH+NaOH-CiTHasCOONa+CHOH 

I  I 

CtHssCOOCHs    NaOH    CiyHasCOONa    CHzOH 

UUo*  soda  (Soap)  (Olycerine) 

Although  there  are  many  substitutes  for  tallow  which  are  employed 
in  eoap-making,  they  all  require  caustic  for  saponification  BJid  all  act 
in  the  manner  above  described.  There  are,  however,  some  substances, 
such  as  rosin,  with  which,  when  used  in  the  production  of  soap,  the  action 
as  stated  alx)ve  is  modified.  Rosin  is  an  acid  and  unites  directly  with 
the  caustic  soda  to  make  a  Ealt. 

Classification  of  Soiqts.  Soaps  are  divided  into  two  principal  classes, 
namely :  hard  soaps  and  soft  soaps.  In  the  former  caustic  soda  is  employed 
and  in  the  latter  caustic  potash  is  used.  The  terms  soda  soap  and  potash 
soap  are  also  sometimes  used  to  distinguish  the  two  classes.  Further, 
depending  upon  the  method  of  manufacture,  we  have  boiled  soaps,  half- 
boiled  soaps,  and  cold-process  soaps.  Hard  soaps  are  of  various  kinds, 
such  as  castile,  curd,  mottled,  yellow, 
Bad  transparent.  Soft  soaps  come  on 
the  market  as  a  paste  or  in  a  semi* 
liquid  condition.  In  some  soaps  both 
caustic  soda  and  caustic  potash  are 
used  in  their  preparation. 

As  soap  is  used  for  a  great  variety 
of  purposes,  its  preparation  must 
necessarily  vary.  The  choice  of  stock 
depends  upon  whether  a  high^ade 
p  soap  is  to  be  made,  in  which  the 
choicest  materials  must  be  selected, 
or  whether  a  cheap  sof^i  is  to  be 
manufactured.  Soap  is  used  very 
largely  in  the  textile  and  leather 
industries,  and  should  be  specially  - 
prepared  fopthe  purpose  to  which  it  ia 
to  be  put. 

Melting  Room.  The  soap  stock, 
tallow  or  oil,  is  received  by  tlie  soap- 
maker  in  tierces  or  drums  and  must  be 
melted  out  of  these  packages  for  bulk  storage.  This  is  done  in  a  "  melting- 
out  "  or  "  steaming-out "  room.  This  room  is  generally  built  of  wood  witti 
an  iron  sheathing  and  a  floor  of  iron  plates.     The  room  is  pitched  from  the 
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back  to  the  front  bo  that  everything  iB  thoroughly  drained  out  and  there 
is  no  accumulation.  This  room  is  built  with  partitions  so  as  to  make 
compartments  which  are  just  a  little  larger  in  width  than  the  drums. 

A  Ugbt  track  of  two  rails  is  laid  in  the  center  of  each  compartment  on 
which  the  tierces  and  drums  roll  easily  and  in  the  middle  of  each  track 
a  steam  line  is  laid.  At  a  distance  equal  to  the  periphery  of  a  tierce  or 
drum  from  bung  to  bung,  a  valve  and  short  nipple  with  a  swing  joint  is 
fitted  to  the  steam  line.    The  steam  control  is  on  the  outside  of  the  room. 

A  charge  is  set  by  rolling  in  the  packages,  blocking  them  ^d  fitting 
the  nipple,  with  valve  open,  into  the  bung-hole.  The  steam  is  turned 
on  after  the  d^ir  of  the  compartment  is  closed  and  the  melted  tallow  or  oil 
runs  to  a  trough  or  gutter  in  the  front  of  the  room.  Where  this  gutter 
discbarges  to  the  piping  which  carries  the  melted  fat  to  tJie  storage  tanks, 
a  strainer  is  provided  to  keep  out  large  particles,  principally  bun^  from 
the  tierces.  After  the  melting-out  is  completed,  each  package  as  it 
comes  from  the  room  is  examined  for  unmelted  fat  by  means  of  a  small 
light  on  an  extension  cord  which  is  dropped  into  the  bung-hole.  The 
time  of  melting-out  varies  with  the  character  of  the  fat  and  the  outside 
temperature.     It  takes  quite  a  little  longer  in  winter  than  in  summer. 

Condensed  Water  in  Tallow.  After  the  tallow  or  oil  has  been  melted 
it  will  always  contain  con^derable  water  from  the  condensed  steam. 
It  is  best  to  dispose  of  this  water  as  soon  as  convenient  and  not  allow 
the  fat  to  stand  in  contact  with  it.  As  soon  as  the  water  has  settled  out 
it  is  pumped  up  into  the  first  kettle  to  be  charged.  The  clear  tallow  or 
oil  is  then  pumped  to  storage  tanks.  The  change  from  water  to  tallow 
can  be  caught  very  readily  by  the  pumpman  if  a  small  pet  cock  is  tapped 
into  the  discharge  end  of  the  pump,  by  which  he  can  test  the  dischai^ 
from  time  to  time.  This  freeing  of  the  stock  from  water  is  also  a  means 
of  checking  up  the  weights  of  any  particular  lot  and  serves  to  keep  the 
registers  of  the  tanks  as  a  true  indication  of  the  stock  on  hand. 

Piping.  Alt  piping  through  which  tallow  or  oil  passes  is  fitted  with 
small  steaming-out  lines  and  all  such  lines  must  be  thoroughly  steamed- 
out  both  before  and  after  any  tallow  is  handled  through  them.  This 
steaming-out  being  also  carried  through  the  pumps  and  back  to  the 
storage  tanks. 

Storage  Tanks.  Theso  tanks  are  made  of  iron  with  loose  fitting 
wooden  covers  and  provided  with  a  large  door  to  admit  of  frequent  clean- 
ing. A  closed  steam  coil  is  laid  in  the  bottom  which  keeps  the  stock  above 
the  sohdifying  point.  The'  drips  from  these  coils  are  discharged  into  a 
nnall  open  tank  which  quickly  shows  tallow  or  oil  in  case  of  any  leak 
and  prevents  its  loss. 

Soap  Kettles.  Both  round,  Fig.  303,  and  square  kettles  are  used  for 
the  boiling.  They  are  made  of  iron,  and  the  soap  is  heated  in  a  square 
kettle  by  a  coil  laid  diagonally  across  the  bottom  with  arms  running  to 
the  sides  of  the  kettle.    The  coil  is  punched   with  sm^l  holes  for  the 
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steam  outlet.  This  serves  for  agitating  as  well  as  heating.  A  heavy 
jacket  of  insulating  material  is  built  around  the  kettle  to  conserve  the 
heat  during  the  settling. 

Boiled  Laondiy  Soap.  The  melted  fat  and  oil  is  pumped  into  the 
soap  kettle  from  the  storage  tanks  and  with  it  a  small  stream  of  18" 
caustic  soda  lye  is  run  in  from  a  separate  hne.  £nough  steam  is  turned 
on  to  keep  the  contents  well  mixed.  The  union  of  the  fat  and  caustic 
soda  sets  up  quite  a  little  "  heat  of  reaction  "  and  very  soon  the  steam  may 
be  eased  off.  As  much  boiling  room  as  possible  is  saved  for  finishing 
the  saponffication.  The  lye  is  kept  slightly  behind  the  stock  unlil  the 
fat  is  all  pumped  up:  An  excess  of  caustic  can  be  determined  by 
nibbing  a  sample  taken  from  the  kettle  between 
the  fingers  until  cool;  a  sharp  taste  denotes  an 
excess  of  caustic  Toward  the  end  of  the  saponifi- 
cation, the  soap  begins  to  take  on  a  darker  color, 
become  smooth  and  assume  a  high  gloss.  A  sample 
taken  on  a  small  flat  piece  of  wood,  called  a  paddle, 
is  now  quite  trane7>arent  and  rolls  off  the  paddle 
in  sheets.  The  lye  must  now  be  added  in  small  lots 
with  frequent  testing  as  described  below.  An  Uka- 
linity  not  over  ^  per  cent  is  very  desirable  and  a 
kettle  which  holds  this  alkalinity  ^ter  three  boilings 
and  tests  may  be  considered  as  finished  for  this 
change. 

Giaining.  The  soap  must  now  be  separated  from 
the  free  glycerine  and  u  done  by  adding  salt  in 
which  solution  the  soap  is  insoluble.  This  is  called 
"graining."  The  kettle  is  well  boiled,  dry  salt 
shoveled  in  or  a  brine  (salt)  solution  is  run  in  and 
mixed  through  by  boiling  until  a  sample  on  a  paddle 
shows  the  soap  in  a  broad  flat  curd  from  which 
the  lye  runs  freely.  The  steam  is  shut  ofiE,  the 
soap  ridng  to  the  top  of  the  kettle  and  the  salt 
solution  contaimog  the  f^ycerine  settles  out  on  the  bottom. 

Testing  Alkalinity  at  the  Kettle.  A  special  graduated  cylinder 
(Fig.  304),  is  used  which  Is  marked  at  10  cc.  Lyb,  another  20  cc.  further 
up  marked  Wateh,  and  from  then  on  a  small  graduation  at  each  2  cc. 
with  a  Iwger  mark  at  each  10  cc.  A  sample  ia  obt^ned  from  the 
kettle  and  the  lye  separated  by  stirring  in  enough  dry  salt  to  grain  out 
the  soap.  This  lye  is  run  into  the  graduate  up  to  the  Lye  mark  (10  cc), 
water  added  te  the  water  mark,  three  drops  of  phenolphthalein  solu- 

N 
tion  put  in  and  then  --  sulphuric  acid  run  in  with  shaking  until  the 

solution  is  decolorized.  Each  2  cc.  of  add  used  equals  .10  per  cent 
caustic  Boda.    Percentages  are  etehed  at  the  10  cc.  graduations  as  .50 
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per  cent,  20  cc.-1.00  per  cent,  etc.  A  cylinder  laj^  enough  to  cover  4 
per  cent  will  answer  about  all  the  needs  of  the  soap-maker.  Any  man 
around  a  soap  plant  can  easily  be  taught  its  use  and  for  the  rough 
estimate  it  is  designed  for,  it  meets  its  purpose. 

Second  Change.  The  lye  from  the  first  change  is  drawn  off  from 
the  bottom  into  an  empty  kettle  until  soap  appears  and  then  shut  oEF. 
The  soap  is  boiled  up  and  a  dash  of  18°  B^.  caustic  soda  added  and  after 
being  well  boiled  through,  the  alkalinity  b  tested.  If  an  excess  of  .20 
per  cent  is  not  shown,  more  caustic  is  run  in  boiled  and  tested  until  the 
soap  holds  this  alkalinity.  Water  is  now  added  until  the  soap  shows, 
after  boiling  through,  a  sniooth  ^pearance.  This  is  called  "fiattening 
out."     When  the  water  is  all  in,  the  graining  is  repeated  as  before. 

Amount  of  Water  Added.  The  amount  of  water  to  be  added  on  these 
"  wash  "  changes  and  the  number  of  these  changes  to  be  made  depends 
entirely  on  local  conditions  and  is  usually  decided  by  the  time  which  can 
be  given  to  its  completion  and  the  capacity  for  evaporation  in  the  glycerine 
plant.  It  is  usually  expressed  in  per  cent  on  stock  saponified  as  from 
200  to  350  per  cent,  i.e.,  if  10,000  pounds  of  fat  are  saponified,  then  a  lye  of 
from  20,000  to  35,000  pounds  are  drawn.  It  is  better  to  make  the  changes 
smaller  and  make  five  of  them  than  to  make  only  four  even  if  the  same 
volume  of  water  is  used. 

Ro^  Saponification.  A  straight  tallow  soap  is  rather  slow  in  lathering 
and  needs  a  softening  agent  such  as  oil  or  rosin  to  increase  its  solubility. 
In  toilet  soaps  oil  is  used  and  in  laundry  soap  rosin.  The  rosin  is  incor- 
porated in  two  ways,  either  by  direct  saponification  in  the  same  kettle 
as  the  first  change  was  made  or  by  a  separate  saponification  in  another 
kettle  and  a  subsequent  incorporation. 

Direct  Saponification.  The  first  change  soap  after  all  the  wash  changes 
have  been  made  and  last  lye  drawn  is  boiled  up,  a  little  salt,  any  scrap 
or  broken  soap  added  and  enough  25  to  30°  caustic  lye  run  in  to  "  open  ' 
or  grain  the  soap.  While  the  kettle  is  slowly  boiling,  the  rosin  cracked 
up  in  small  lumps  is  shoveled  in.  From  time  to  time  samples  taken  from 
the  boiling  soap  are  tested  for  alkalinity  and  if  not  up  to  2  to  3  per  cent, 
enough  caustic  is  added  to  bring  it  up  to  the  mark.  While  the  rosin  is 
being  saponified  in  this  way,  a  "  second  rosin  "  lye  from  another  kettle 
is  pumped  in  and  its  caustic  content  assists  in  dissolving  the  rosin.  An 
excess  of  caustic  lye  must  at  all  times  be  present  in  this  change  as  no 
salt  is  to  be  added  for  graining,  the  free  caustic  doing  this  graining.  This 
is  the  only  lye  which  is  run  awt^'  to  the  sewer  when  settled  and  it  contiuns 
nearly  all  the  soluble  impurities.  When  the  rosin  is  all  in  and  the  final 
test  for  free  caustic  made,  the  soap  is  allowed  to  settle,  generally  over  night, 
so  as  to  get  out  into  the  lye  as  much  color  and  impurity  as  possible. 

Sap(»iified  Rosin.  Water  and  soda  ash  (Na2C03)  are  boiled  in  a 
kettle  to  make  a  12°  Bd.  solution.  One  thousand  pounds  of  rosin  require 
150  pounds  of  ash.    The  solution  is  kept  slowly  boiling  while  the  rosjn 
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is  shoveled  in,  and  the  solution  of  the  rosin  completed  by  frequent  short 
boilii^.  It  is  finished  when  no  more  rosin  ie  found  floating  on  the  sur- 
face after  the  boiling  and  settling.  Just  before  it  is  pumped  out  of  the 
kettle  onto  the  tallow  soap  enough  diy  salt  is  added  to  make  it  pump 
well.  The  incorporation  with  the  tallow  soap  proceeds  the  same  as 
with  the  direct  rosin  saponification  except  that  less  caustic  soda  is  used. 
Seccad  Rosin  Change.  When  the  first  lye  has  been  dran-n,  the  soap 
is  brought  to  a  boil  and  enough  25-30°  caustic  soda  ru:^.  in  to  make  an 


Fia.  305.— Detail  of  Perfectiott  Crutcher. 
A,  Inlet  for  ateam;  B,  Steam  jacket  surrounding  kettle;   C,  Outlet  for  escaping 
steam  and  condensation;   D,  slip   to  jacket;    E,   apace  for  coateotfi;    F,  Worni   for 
agitation;  G,  Case  for  warm;  H,  Friction  clutch;  M,  Gate  fcv  dumping  charge. 


alkalinity  of  3-4  per  cent  and  continued  boiling  wiiile  a  boiled  up  nigre 
of  a  previous  boil  is  pumped  in  to  fill  up  the  kettle.  The  main  object 
of  this  change  is  to  insure  a  complete  saponification  of  the  rosin. 

Strong  Change.  When  the  second  rosin  lye  is  off,  the  soap  is  boiled 
up  and  enough  water  or  4r-5°  caustic  lye  is  added  to  smooth  or  flatten 
out  the  soap  and  get  it  into  a  condition  to  drop  or  settle  out  the  excess 
cauBtic  with  the  other  alkaline  impurities  (NazCOa+NajSOi). 

Einisb.  After  a  few  hours,  the  soap  will  drop  a  heavy,  slimy  lye  which 
is  drawn  off  and  the  soap  boiled  up.  Experience  alone  now  dictates  the 
procedure.    If  the  soap  is  thick  (heavy),  a  little  water  is  run  in  it  and  boiled 
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through,  which  leaves  the  soap  as  it  boils  in  a  smooth,  high-polbhed  con- 
dition, and  when  the  steam  is  shut  off  the  process  of  settling  or  clarifica- 
tion can  readily  be  seen  at 
OQce  on  the  surface. 

Settling.  The  soap 
should  stand  about  a  week 
to  be  well  settled.  During 
the  settling  the  soap  sepa- 
rates into  two  layers,  the 
upper  part  being  the  good 
soap,  i.e.,  a  soap  containing 
but  traces  or  a  small 
amount  of  free,  alkali  and 
about  31-32  per  cent  of 
water,  which  seems  to  be 
the  amount  of  water  needed 
to    make   a    good    settled 

soap,  a    sort   of    water   of  F'o-  306.— Soap  Frame, 

constitution,   and  a  lower 

layer  or  "  nigre  "  which  is  a  soap  with  a  large  amount  (55-70  per  cent) 
of  water,  free  alkali  and  any  other  alkaline  impurities    (Na2S04+NaCl) 
present.    The  purpose  of  the  last  change  is  to  manipulate  the  soap,  so  as 
to    concentrate   these   im- 
purities in  the  nigre. 

Crutching.  After  set- 
tling, thesoap  ispumpedout 
of  the  kettle  through  the  leg 
as  shown  in  Fig.  303.  The 
"  crutcher  "  is  a  mixing- 
machine  which  derives  its 
name  from  the  early  soap 
factories.  This  mixing  was 
then  done  by  hand  with  a 
wooden  stick  shaped  like 
a  crutch.  The  "  crutcher  " 
(Fig.  305)  is  surrounded  by 
a  jacket  into  which  either 
steam  for  heating  or  water 
for  cooling  is  introduced. 
Fig.  307,— Slabber.  It    has     an    Archimedean 

screw  for  the  stirring  and 
in  the  center  a  cylinder  over  which  the  soap  passes  during  the  a^tation. 
Any  material  such  as  sodium  carbonate,  sodium  silicate,  borax,  starch, 
talc,  grit  or  perfume  can  thus  be  incorporated  into  the  soap.  All  laundry 
soaps  carry  some  such  filling,  which  is  by  no  means  aa  adulteration  and 
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needs  no  apology  for  being  present.  The  temperature  at  which  the  soap 
is  dropped  is  carefully  controlled  in  each  crutcherful  and  regulated  by 
introducing  either  steam  or  water  to  the  jacket.  Good  resulta  are 
obtained  by  keeping  this  heat  ■  about  140-144"  F.  When  thoroughly 
mixed  the  eoap,  still  semi-liquid,  is  dropped  out  of  the  bottom  of  the 
crutcher  into  frames.  The  pump  is  shut  off  when  the  nigre  is  reached 
and  the  nigre  boiled  up  to  be  pumped  out  into  a  second  rosin  change. 

Framing.  These  "frames"  are  tight  boxes  supported  on  a  truck 
(Fig.  306)  and  hold  one  entire  chat^  from  the  crutcher.  The  sides  axe 
bolt«d  tc^etber  in  such  ajmaimer  that  they  may  be  easily  taken  off  when 
the  soap  fs  hard  enough.  This  is  called  "  stripping."  The  time  of 
"  stripping  "  depends  on  the  season — three  days  in  winter  and  four  days 
in  summer.  The  soap  should  be  stripped  as  soon  as  possible,  as  the  soap 
cuts  better  when  cool.  With  soap  of  good  body,  the  cutting  may  be  done 
the  next  day. 


FiQ.  308. — Power  Cutting  Machine. 

tabbing  and  Cutting.  When  the  soap  is  bard  enough,  it  is  run 
through  the  "  slabber  "  {Fig.  307).  This  is  a  machine  with  a  cutting- 
head  large  enough  to  slab  the  whole  frame  at  once.  The  cutting-head  has 
wires  drawn  across  it  at  spaces  equal  to  the  thickness  of  a  cake  of  soap. 
Each  slab  is  now  put  through  the  "  cuiiing'mackine  "  (Fig.  308)  and 
given  two  cuts,  one  through  its  length  and  the  other  at  right  angles  to 
it  which  turns  out  the  slab  completely  cut  into  cakes.  In  the  power 
cutting-machines  of  latest  type  the  cut  cakes  fall,  spaced,  onto  a  rack 
which  is  lifted  from  the  table  and  placed  on  a  truck  for  transportation 
to  the  dryingroon-,  which  may  be  done  artificially  or  allowed  to  stand 
in  well  ventilated  rooms. 

Pressiiig  and  Wrapping.  The  soap  stands  on  these  racks  until  the 
surface  dries  over  enough  so  that  it  may  be  handled  and  pressed 
without  marring  it  This  is  called  "  sJdnniTig  over."  Green  or  fresh  soap 
acts  very  badly  in  the  presses  and  is  easily  dented  in  pas^ng  to  the  wrap- 
ping-machines (Fig.  309),  which  run  automatically  and  prepare  the  soap 
tor  the  boxes. 
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Below  are  given  two  tables  which  show  the  general  changes  in  com- 
position which  take  place  with  each  operation  in  the  kettle  on  the  soap 
and  the  resultant  lyes. 


Fia.  309. — Wrapping  Machine. 
COMPOSITION  OF  SOAP  DURING  MANUFACTURE.     (Boiled  Laundht  Soap) 


Firet  change  so^ 

Second  change  sofip 

Third  change  soap 

Third  change  soap  (over  night).. 

Fourth  change  soap 

Fint  Roein  soap 

Second  Rosin  soap 

Finish  change  (as  steam  was  shut  off) . 
Framing  sample  (after  aeven  days).. . 

Crutched  soi^> 

Pneeed  cake 


NkOH    NaiCOi 

Trace 
Trace 
Trace 
Trace 
Trace 

.30 
.01 


*  Tested  four  days  after  pressing. 
LYES  FROM  THE  ABOVE  CHANGES 


First  change 

Second  change 

Third  change 

Fourth  chan~e 

First  Rosin  change .  . . 
Second  Rosin  change. 
Third  Roain  change. .  . 


5-45 
2-19 
1.42 


12-34 
8.54 
8.53 
11.17 
12.22 
7.66 
0.20 
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The  Tvitchell  Process.  This  process  is  a  newer  method  emplojred 
in  some  soap  factories  for  a  treatment  of  thevtock  before  soap-makingi 
and  has  for  its  object  a  separation  of  the  fat  or  oil  into  fatty  acid  and 
glycerine  before  it  reaches  the  soap-kettle.  It  can  be  readily  seen  that 
the  operation  of  making  soap  is  then  easier  in  the  earlier  or  "  killing  " 
changes  and  removes  the  "  salting-out  "  of  soap  in  these  earlier  changes 
entirely  as  there  is  no  glycerine  to  wash  out. 

Method.  The  fat  or  oil  is  first  purified  by  steaming  with  about  1  per  cent 
60°  HaSOi  for  about  two  hours,  after  which  the  acid,  impurities  and  water 
of  condensation  are  drawn  off.  The  melted  and  purified  fat  is  run 
into  a  wooden  tank,  closely  covered  to  exclude  air.  After  heating  up, 
1  per  cent  of  the  ■"  Twitchell  Reagent "  (sulfo-benzene  stearic  acid 
CflH4HS03Ci7HssCOO)'  is  added  and  the  whole  mass  steamed  for  twenty- 
four  hours  with  the  addition  from  time  to  time  of  small  amounts  of  HaSOi- 
After  settling,  the  glycerine  water  {15  per  cent  glycerine)  is  drawn  off 
and  neutralized  with  lime  and  evaporated  to  a  "  crude  glycerine  "  of 
88-90  per  cent  glycerine  content. 

Aft«r  the  glycerine  water  is  drawn  off,  the  fatty  acids  are  boiled 
with  water  and  a  small  amount  of  lime,  to  remove  all  the  soluble  acids, 
air  likewise  beii^  carefully  excluded.  After  this  neutralization  is  com- 
plete the  fatty  acids  may  then  be  stored  in  wooden  tanks  until  ready 
for  use. 

The  advantages  of  the  "  Twitchell  process  "  are: 

a  A  larger  yield  of  glycerine 
6.  A  purer  and  stroiy^er  crude  glycerine. 

e.  A  means  of  makir^  romn  soaps  in  a  crutcher  without  boilii^  the 
fat. 

a.  By  changing  the  stock  into  fatty  acid  and  glycerine  before  the 
actual  soap-making  is  begun,  an  opportunity  is  afforded  to  entirely 
free  the  stock  of  its  glycerine  without  the  use  of  salt. 

b.  The  crude  glycerine  obtajned  from  soap  lyes,  called  "  soap  lye  crude," 
contains  from  80  to  84  per  cent  of  glycerol  and  from  7  to  10  per  cent  of 
salt.  The  crude  obtained  from  the  "  Twitchell  process,"  called  "  sapon- 
ification or  candle  crude,"  carries  from  88  to  90  per  cent  glycerol  and  only 
traces  of  salt.  Salt  is  the  worst  part  of  the  glycerine  recovery  where 
"  soap  lyes  "  are  to  be  evaporated,  as  it  keeps  concentrating  in  the  glycerine 
liquors  during  the  boiling  and  requires  the  frequent  dropping  of  these 
liquors  during  the  process  of  making  crude  glycerine  to  eliminate  this 
salt.  Besides,  the  stcam-chesta  of  the  evaporators  become  coated  with 
salt  during  the  boiling  and  insulates  the  heat. 

The  original  "  soap  lye  "  solution  contains  about  3  i>er  cent  of  glycerol 
while  the  "  Twitchell  "  liquors  carry  about  15  per  cent  glycerol,  thus 
saving  a  great  deal  of  evaporation. 

c.  With  the  fatty  acid  at  hand,  it  is  possible  to  make  soap  directly 
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in  the  cnitcher  by  the  mudng  of  the  fatty  add,  alkali,  saponified  ro^n 
and  filling  material. 

The  fact  that  the  fatty  acids  produced  are  somewhat  darker  than  the 
original  stock  has  been  the  chief  objection  to  this  method  of  treating 
fata  and  oils.  At  present  there  are  improvements  being  made  in  this 
process  which  claim  to  overcome  this  defect.  If  successful  it  will  lead 
to  a  more  general  use  among  the  soap-makers,  as  at  present  it  is  used 
chiefly  by  the  caudle-makers  for  producing  stearic  and  oleic  acids. 

Soap  or  Washing  Powders.  These  powders  are  mixtures  of  soda 
ash  (dry  Na2C03),  soap  (mixed  in  Uquid  condition],  and  water,  the 
only  difference  in  the  many  kinds  on  the  market  being  in  the  amount 
of  these  ingredients  present  and  the  kind  of  soap  used.  According 
to  the  amount  of  water  present,  there  are  two  general  classes :  those  con- 
taining 10  to  20  per  cent  of  water  being  the  old-style  and  those  having 
35  to  40  per  cent  of  water,  or  the  new-style,  called  usually  "Jtuffy 
potodera." 

Old-slyle  Powder.  As  the  soda  ash  comes  in  bags  of  300  lbs.  each,~ 
a  mix  or  charge  ia  based  on  a  bag  or  multiple  of  a  bag.  The  soda  ash, 
soap  (hot  from  the  kettle)  and  hot  water  is  dumped  into  a  mixer  and  kept 
agitated  until  it  begins  to  form  in  small  lumps  and  then  dropped  to  a 
•  table  from  which  it  is  raked  through  a  coarse  screen,  to  allow  as  much 
heat  as  possible  to  escape  and  also  to  prevent  the  formation  of  big  lumps. 
It  is  then  shoveled  on  trays  to  cool  and  "  set,"  the  powder  being 
kept  below  the  height  of  the  aides,  and  these  trays  tiered  up  to  cool  in  a 
room  provided  with  a  good  circulation.  In  this  way,  the  process  of 
crystallization  (that  of  forming  sal  soda  NaCOa-lOHaO  in  proportion 
to  the  amount  of  water  used)  will  be  complete  in  five  hours  under  good 
conditions  of  humidity  and  ventilation.  It  can  now  be  milled  in  mills 
of  the  Nell-Albright  type.  This  mill  has  a  round  screen  surface  through 
which  the  powder  is  forced  by  a  revolving  arm  or  beater.  The  powder 
drops  to  a  conveyer  and  is  carried  to  the  hoppers  of  the  filling  machines 
which  automatically  pack  it. 

Fluffed  Powder.  This  powder  is  made  in  two  ways,  by  the  framing 
method  or  the  continuous  method. 

Framing  M^hod,  The  soda  ash  in  the  form  of  a  strong  (37-38°  B4.) 
sal  soda  solution  is  mixed  with  the  soap  from  the  kettle  in  a  crutcher 
and  dropped  to  a  frame  for  the  crystallization.  When  cool,  the  frames  are 
stripped  and  the  powder  disintegrated. 

Continuous  Method.  By  this  method  the  powder  ia  mixed  and  cooled 
by  means  of  a  machine.  This  machine  consists  of-  two  or  three  seta  of 
hollow  cylinders  or  rolls  through  which  eold  brine  is  circulating.  These 
rolls  being  superimposed,  the  mixed  charge  is  dropped  on  the  upper  set 
which  forms  in  a  thin  layer  on  the  surface  and  makes  almost  a  revolution 
when  it  is  scraped  off  on  to  the  next  set  which  are  lai^er,  and  so  on  to  the 
last  set,  by  which  time  the  crystallization  of  the  Na2C03  is  complete  and 
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the  powder  coc^d.    Hiis  powder  likewise  needs  no  milling  but  only  a 


The  difference  between  the  two  general  classea  of  soap 
or  washing  powders  ia  in  the  amount  of  crystallized  NaaCOs  present. 
The  more  water  that  is  added  to  a  powder,  the  more  crystallized  sodium 
carbonate  will  be  formed  and  the  smoother  and  softer  the  powder  will 
be.  In  powders  containing  10-20  per  cent  of  water  there  is  always 
Bome  "  heat  of  reaction  "  formed  when  water  is  added  to  it,  owing  to  the 
rather  laige  amount  of  uncrystallized  NajCOs  present. 

The  soap  used  is  made  in  the  usual  way  from  cotton  seed,  com,  or  lin- 
seed oils,  cottonseed  foote,  distilled  fatty  acida  and  low  grade  greases  and 
tallows. 


ANALYSIS  OF  SEVEN  SOAP  POWDERS 

I 

2 

3 

4 

.    1    . 

7 

13.39 
15.12 
71.55 

104.3 

23.50 
23.80 
51.81 
,89 
81.2 

14.07 
27.80 
57.90 
.23 
104.5 

14.53 

28.97 
56.18 
.32 
65. 

34,32 

23.47 

41.87 

.34 

85.8 

37.79 

30.15 

31.03 

.13 

84.8 

Sodium  carbonate 

39.09 

Iodine  value  fatty  acide. . . 

99.2 

Scouring  Powdu'.  This  powder  is  made  by  mixing  varying  amounts 
of  soap  powder,  silex  (grit),  talc  and  sometimes  a  small  amount  of  sal 
ammoniac. 

Scouring  Soaps.  These  soaps  are  generally  made  on  a  eocoanut-oil 
base.  The  soap  after  saponification  is  drawn  to  a  crutcher,  stlex  (grit) 
is  mixed  with  it  and  the  mass  dropped  into  an  asbestos  jacketed  kettle 
or  tank  and  run  into  slate  molds  to  harden,  each  mold  being  the  size 
and  shape  of  the  finished  soap. 

Bdled  Toilet  Soaps.  The  method  of  boiling  for  toilet  soap  is  the 
same  as  for  laundry  soap,  except  that  a  different  vmety  and  grade  of 
fat  is  employed.  The  raw  materials  consist  mostly  of  vegetable  oils 
to  which  a  small  amount  of  tallow  is  added.  No  rosin,  however,  is  added 
as  tile  vegetable  oils  possess  sufiBcient  lathering  quality.  On  completion 
of  the  boiling  operation  the  soap  is  run  to  a  continuous  drying  chamber, 
where  it  falls  on  an  endless  belt  and  is  slowly  conveyed  through  the 
drying  appai-atus,  coming  out  in  the  proper  condition  for  the  subsequent 
operations.  Ab  older  method,  and  one  which  is  still  used  in  many  factories, 
is  to  crutch,  frame,  slab,  cut,  and  then  "  chip."  The  "  chipper  "  (Fig.  310) 
consists  of  an  enclosed  disk  provided  with  knives  which  revolve  at  a  high 
rate  of  speed,  and  against  which  the  bars  of  soap  are  pressed.  The 
chips  thus  obtained  are  dried  until  brittle  and  are  then  ready  for  the 
subsequent  operations. 

Amalgamates.  This  machine  (Fig.  311)  is  used  for  mixing  the  color 
and  perfume  with  the  chips  before  milling.    With  the  use  (^  an  amalga- 
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mator  a  more  unifonn  soap  is  obt^ned  and  at  least  one  milliiig  saved. 
In  the  old  method  of  adding  color  and  perfume  to  a  soap,  the  chips  were 
mixed  in  a  box  with  color  and  perfume  by  a  shovel.  A  uniform  distri- 
bution of  color  and  perfume  was  almost  impossible  by  this  method,  and 
required  five  or  six  trips  through  the  mill  to  produce  the  deared  uniform- 
ity. An  even  mixture  may  be  obtained  in  an  amalgamator  in  about 
fifteen  minutes,  and  twice  milling  this  product  is  sufficient. 

In  the  majority  of  toilet  soap  factories,  in  making  up  their  stock  they 
go  in  the  order  of  their  color,  starting  with  white  and  then  making  the 
next  darker  shade,  like  yellow,  tiien  green,  pink,  etc.,  until  they  finish 


Fig.  310. — Chipper.  Fia.  311. — Amalfamator. 

with  the  darkest  Boap,  usually  tar  soap.  In  this  way  the  machine  will 
only  need  cleaning. 

Blilling.  Whether  the  soap  has  been  dried  by  the  modem  method 
or  by  the  slower  method  of  chipping  it  is  placed  in  a  mbdng  machine 
where  the  necessary  perfume,  color,  or  other  ingredients  are  added.  It 
is  then  fed  to  the  "  mxi^."  These  mills  consist  of  two  or  more  rollers 
(Fig.  312)  between  which  the  soap  passes,  thereby  causing  the  added 
material  to  become  well  incorporated.  The  usual  practice  is  to  pass  the 
soap  between  the  rollers  su  times  or  until  the  corrugated  flakes  have 
a  perfectly  uniform  and  smooth  appearance. 

Plodding.  The  milled  soap  b  placed  in  the  hopper  of  a  machine 
known  as  the  "plodder"  (Fig.  313),  where  it  is  subjected  to  great 
pressure  by  means  of  a  compresdon  screw.  In  the  nozzle  of  the  plodder 
18  a  "  forming  plate  "  having  an  opening  the  size  of  the  cake  desired. 
The  fiaky  condition  of  the  soap  as  it  comes  from  the  mills  is  converted 
into  a  continuous  bar,  which  may  be  cut  to  any  length  and  stamped  or 


Milled  soaps  allow  of  the  use  of  delicate  perfumes  or  other  materials 
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which  would  be  destroyed  if  incorporated  with  the  hot  soap  in  the 
crutcher.    The  price  of  a  soap  depends  largely  upon  the  kind  of  perfume 


Fig.  312.— Soap  Mill. 


which  is  used  to  scent  it,  as  out  of  the  sa 
prepared  an   article    selling   for  ten  cents 


ue  kettle  of  soap  may  be 
>r  one  dollar.  Some  toilet 
soaps  are  slightly  super- 
fatted so  as  to  overcome 
the  harsh  effect  of  an  alka- 
Une  condition. 

Soft  Soaps.  Soft  soaps 
are  usually  prepared  by 
employing  potash  as  the 
alkali  and  an  oil  high  in 
oleic  acid  as  the  fatty  ma- 
terial. Saponified  red  oil, 
linseed  oil,  rosin,  and 
cottonseed  oil  are  among 
the  chief  oils  used  for  the 
purpose. 

Liquid  Soaps.  These 
soaps  are  made  in  the  same 
manner  as  soft  soaps  and  are  given  their  liquid  property  by  addition 
of  glycerine  or  alcohol.  Liquid  soaps  are  made  from  selected  stock 
and  the  lye  well  settled  before  using.  Cocoanut  oil  is  largely  used  for 
this  variety  of  soap. 

Halfrboiled  Soaps.    As  the  name  implies,  soap  made  by  this  process 
is  not  boiled.    The  operation  is  always  conducted  in  a  crutcher,  the 


Fia.  318.— Plodder. 
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temperature  of  the  stock  being  raised  to  about  160°  F.,  and  the  lye 
added.  The  mixture  of  lye  and  fat  is  crutched  for  about  five  minutes 
and  allowed  to  atand  undisturbed  for  two  hours.  It  is  then  crutched 
again  until  smooth,  tested  for  excess  of  either  fat  or  alkali,  run  into 
frames,  allowed  to  set  and  harden  as  stated  under  boiled  soaps.  Half- 
boiled  soaps  contain  all  of  the  glycerine  originally  combined  in  the 
"Mil,  and  for  this  reason  give  a  very  satisfactory  soap  for  toilet  purposes. 
As  there  is  no  recovery  of  the  glycerine  it  cannot  be  worked  economically 
for  laundry  soaps.  After  settling  and  cooling,  it  may  be  chipped,  milled, 
plodded,  and  pressed  in  the  same  manner  as  boiled  soaps. 


Fio.  314.— Toilet  Bar  Cutter.  Fio.  315.— Toilet  Soap  PresB. 

Cold-process  Soaps.  Soap  made  by  this  process  differs  from  half- 
botled  soaps  in  that  the  oils  are  only  heated  to  their  melting-point  and 
the  lye  added.  The  operation  is  conducted  in  a  crutcher  and  the  mixture 
stirred  until  smooth,  when  it  is  dumped  into  the  frames. 

Floating  Soiyts.  The  soaps  which  float  on  water  are  prepared  in 
the  same  manner  as  other  soaps,  and  the  specific  gravity  lowered  by 
crutching  at  a  high  rate  of  speed,  so  as  to  pump  the  soap  full  of  minute 
£ur  bubbles.  The  same  result  is  obtained  by  reversing  the  direction 
of  the  paddle  several  times  during  the  crutching.  Floating  soap  is 
never  milled,  but  on  cooling  in  the  frames  is  cut  into  cakes  and  pressed. 

Mottled  Soaps.  The  old-etyle  mottled  soaps  were  made  by  boiling 
in  a  kettle  over  the  open  fire  and  run  into  frames  to  cool.  During  the 
long  process  of  heating,  certain  decompositions  took  place,  so  that  when 
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the  soap  cooled  very  slowly  the  excess  of  lye  and  impurities  aegr^ated 
to  those  portions  which  were  the  last  to  solidify.  At  present  the  same 
effect  is  produced  by  crutching  with  ferrous  sulphate,  ultramarine,  lamp- 
black, or  other  pigment  just  before  the  soap  is  run  into  the  frame. 
Castile  or  Marseilles  soaps  sometimes  have  n  green  mottle,  Ttbich  changes 
to  red  on  exposure.  This  b  due  to  the  presence  of  ferrous  sulphate, 
which  has  been  acted  upon  by  the  lye  to  produce  ferrous  hydroxide;  which 
in  its  turn  is  changed  to  ferric  hydroxide  by  exposure  to  the  air. 

Castile  Soap.  This  soap  is  supposed  to  be  made  from  olive  oil  and 
soda  lye  only,  but  as  a  pure  olive  oil  soap  becomes  excessively  hard  and 
brittle  on  standing,  other  oils  are  usually  added.  The  oils  used  for  this 
purpose  vary,  cocoanut,  linseed,  cottonseed,  and  com  oil  being  usually 
employetl.  The  color  of  the  oil  influences  the  color  of  the  finished  product, 
so  that  we  have  both  white  and  green  castile  soap  due  to  using  either  a 
light  or  colored  oil.  Practically  all  Castile  soap  is  either  made  by  the 
cold  or  half-boiled  process. 

Transparent  Soaps.  These  soaps  are  usually  made  by  dissolving 
a  good  soda  soap  in  alcohol,  decanting  away  from  any  msoluble  matter 
and  distilling  off  the  excess  of  alcohol.  This  leaves  the  soap  in  the  form 
of  a  transparent  jelly,  which  is  dried  out  in  moulds  having  the  form  of  the 
cake  desired.  Transparent  soaps  are  also  made  by  the  cold  or  half-boiled 
process,  by  adding  more  glycerine  together  with  a  small  amount  of  alcohol 
and  any  perfume  or  coloring  matter  which  may  be  desired.  A  cheaper 
grade  b  made  by  adding  a  solution  of  cane  sugar. 

Shaving  Soeps.  These  are  usually  soda  and  potash  combination 
soaps,  made  from  high-grade  stock.  They  may  be  made  on  a  cocoanut- 
oil  base  tvith  the  addition  di  stearic  acid  to  give  .body,  and  a  gum  to 
keep  the  lather  from  drying.  Many  shaving  soaps  contain  glycerine  or 
sugar. 

Shaving  Creams.  These  are  potash  soaps  usually  made  on  a  cocoa> 
nut-oil  base  to  which  is  added  a  certain  percentage  of  stearic  acid. 

Toilet  Powders.  Most  toilet  powders  are  composed  largely  of  talc, 
to  which  varying  amounts  of  calcium  or  other  stearates  have  been  added. 
Some  powders  also  contain  antiseptic  substances  such  as  boric  acid. 

Soap  Powders  for  Toilet  Use.  These  powders  are  prepared  by  com- 
pletely drying  a  good  grade  of  toilet  soap  and  subsequently  pulverizii^ 
it.  They  must  be  as  near  neutral  as  possible  to  avoid  any  irritation 
when  used  on  tender  skin. 

Metallic  Soaps.  By  adding  soluble  salts  of  the  heavy  metals  to  a 
neutral  soap  solution  a  precipitate  of  metallic  soap  is  obtained.  Some  of 
these  metallic  soaps  have  very  extensive  apphcation  in  the  industries  and 
in  pharmacy.  The  lead  soap  produced  by  adding  lead  acetate  to  a 
Imseed-oil  soap  is  used  as  a  drier  in  mixed  paints.  By  boiling  olive  oil 
withdead  oxide  "  lead  plaster  "  is  obtained. 
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CHAPTER  XXIX 

GLYCERINE 

A.  C.  LANGMXnR 

Workt  Manager,  Marx  &  BaiBoUe,  Inc.,  Brooklyn,  N.  Y- 

Historical.  Glycerine  liae  only  been  known  commercially  some  sucty 
years.  It  was  discovered  in  the  year  1779  by  Scheele  during  his  iavestiga- 
tion  of  the  action  of  lithai^  on  fats,  but  years  passed  before  the 
study  and  experience  with  t!ie  pure  product  showed  the  remarkable 
properties  of  glycerine,  its  permanence  and  non-volatility  at  ordinary 
temperatures,  its  softening  effect  on  the  skin  and  value  in  cosmetic  prep- 
arations, its  oily  nature  combined  with  ite  nuBcibilify  with  water  and 
alcohol,  its  enormous  solvent  powers,  its  sweet  and  agreeable  taste,  and 
finally  its  value  as  a  base  for  the  most  useful  of  all  explo^ves,  nitroglycerine- 
and  dynamite-properties,  which  are  not  met  with  in  any  other  one  sub- 
stance, thus  making  glycerine  an  indispensable  article. 

About  1823  Chevreul  published  his  researches  on  the  constitution 
of  fats,  showing  that  instead  of  consisting  of  a  single  substance  they 
were  conposed  of  fatty  acids  in  combination  with  a  base,  glycerine, 
and  that  glycerine  was  contained  in  the  waste  liquors  of  the  soap  and 
candle  factories.  Processes  for  the  purification  of  the  crude  glycerine 
were  iH>t  avfulable  however  until  the  early  fifties,  when  pure  glycerine 
was  brought  on  the  market  by  Sai^,  of  Vienna,  and  the  Price  Patent 
C  andle  Co.,  of  Lon  ion.  Price's  glycerine  was  a  standard  for  many  years. 
The  demand  for  glycerine  was  enormously  increased  by  Nobel's  discovery 
of  the  value  of  nitroglycerine  as  an  exploave  in  1863.  The  only  source 
of  glycerine  to-day  is  in  the  fats  and  oils  occurring  in  animals  and 
plantB. 

ConstitutioD.  Glycerine  (sometimes  termed  glycerol)  is  a  triat<Hmc 
alcohol  C3Hs(OH)3.  The  OH  or  hydroxyl  group  carries  a  hydrogen  atom 
capable  of  replacement  by  acid  radicles  with  the  formation  of  an  ester. 
Thus  by  the  successive  substitution  of  the  hydrogen  with  the  acid  radicle 
of  nitric  acid  there  would  be  formed  mono-  di-  and  trinitro-glycerine  with 
the  formation  of  one,  two  and  three  molecules  of  water  respectively. 
The  fats  are  all  triglycerides,  all  of  the  hydrogen  atoms  of  the  glycerol 
base  being  substituted  by  fatty  acid  radicles.   -Modem  researches  have 
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shown  that  these  tr^lycerides  are  mixed  in  character,  two  or  more  different 
fatty  acid  radicles  being  combined  with  one  glycerol  group. 

Sources  of  Glycerine.  The  world's  output  of  crude  glycerine  is  esti- 
mated at  about  85,000  tons.  It  is  exclusively  a  by-product  industry  of  the 
soap  and  candle  trades  and  the  output  depends  not  so  much  on  the  demand 
for  glycerine  as  on  the  world's  requirements  of  soap  and  candles.  The  cause 
of  this  condition  is  the  relatively  small  percentage  of  glycerine  obtainable 
from  the  fata,  the  theoretical  amount  ran^i^  from  10,5  per  cent  with  tallow 
to  13.5  per  cent  with  cocoanut  oil.  In  practice  this  is  cut  down  by  the 
free  fatty  acids  always  present,  each  10  per  cent  of  free  fatty  acids 
reducing  the  glycerine  by  about  10  per  cent.  With  the  increasing  use 
of  high  grade  fats  for  butter  substitutes  and  the  conversion  of  fatty 
(^Is  to  hard  edible  fats  by  the  use  of  hydrogen  and  catalytic  agents  the 
soap-  and  candle-maker  are  compelled  to  resort  to  fats  and  oils'of  poorer 
qui^ty  than  formerly.  These  fata  are  high  in  free  acids  and  low  in 
glycerine,  so  that  the  tendency  seems  to  lie  in  the  direction  of  lower  yields 
in  the  future  than  in  the  past. 

Glycerine  is  a  by-product  of  the  alcoholic  fermentation  of  sugar,  the 
amount  produced  being  variously  stated  as  3-S  per  cent  of  the  alcohol 
formed.  At  any  rate  enormous  quantities  must  go  to  waste  in  the  residues 
from  alcohol  stills  as  to  date  no  commercial  process  has  been  developed  for 
the  recovery  of  this  glycerine. 

Glycerine  has  been  subject  to  wide  Buctuations  in  price,  the  dynamite 
grade  selling  for  10  cents  a  pound  in  1908  and  70  cents  in  1917.  The 
United  States  does  not  produce  sufficient  glycerine  to  meet  its  own  require- 
ments and  there  are  from  30  to  40  million  pounds  of  foreign  crude  imported 
annually  in  normal  times. 

Saponification.  Only  those  industries  requiring  fatty  acids  in  large 
amount  can  afford  to  produce  crude  glycerine.  The  candle-maker  wants 
primarily  the  white,  hard  stearic  acid.  The  soap-maker  is  after  tbe  com- 
bination of  the  fatty  acids  with  soda  in  the  form  of  soap  and  utilizes  all 
of  the  higher  fatty  acids  present.  To  separate  the  fatty  acids  from  a 
fat  it  is  necessary  to  break  it  up  into  its  constituents.  This  process  is 
called  aaponijication  and  is  brought  about  by  the  interaction  of  water 
and  fat,  fatty  acid  beii^  split  off  and  glycerine  beii^  pro<iuced.  The 
decomposition  with  water  alone  is  slow  and  requires  very  high  tem- 
peratures. It  is  greatly  facilitated  by  the  addition  of  a  catalytic  agent, 
which  may  be  of  an  a<!id  or  alkaline  character.  In  the  soap  industry 
caustic  soda  is  used,  the  soap  formed  emulsifying  the  fat  and  exposing 
a  large  surface  of  fat  to  the  action  of  wat«r.  In  the  candle  industry  a 
email  percentage  of  lime  or  magnesia  is  used,  and  the  reaction  hastened 
by  a  high  temperature  obtained  by  the  use  of  autoclaves  under  a  steam 
pressure  of  250  pounds.  In  the  Twitchell  process,  used  by  both  the  soap 
and  candle  industries,  the  catalyser  is  a  sulfo-fatty  acid,  the  hydn^en  ion 
assisting  the  reaction  and  the  sulfo-fatty  acid  acting  as  an  emulsifier. 
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Another  method  on  a  different  pnnciple'ia  the  Connstein  process  depend- 
ing on  the  action  of  an  oi^anlc  ferment  derived  from  the  castor-oil  bean. 
According  to  the  method  of  saponification  used  crude  glyceiines  of  widely 
varying  properties  are  obtained.    These  are: 

Soap>lye  Crude  Glycerine.  Tbb  forms  the  principal  source  of  supply. 
After  the  saponificatiou  of  the  fat  by  caustic  soda  the  soap  is  thrown 
out  of  solution  by  the  addition  of  salt.  The  mother  liquor  or  spent  lye 
containing  4-5  per  cent  glycerine,  all  the  salt  and  the  bulk  of  the  impurities 
present  in  the  fat,  is  purified  by  the  addition  of  a  crude  persulphate  of 
iron,  obtained  by  the  action  of  oil  of  vitriol  on  pyrites  cinder  or  iron  ore, 
or  by  the  use  of  aluminium  sulphate.  A  precipitate  of  the  hydrate  is 
thrown  down  carrying  with  it  albuminoids  and  metallic  soaps  of  the  higher 
fatty  acids.  This  is  removed  by  a  filter  press.  The  purification  is  only 
a  partial  one  and  in  case  low  grade  stock  haa  been  used  large  amounts 
of  impurities  remwn  in  the  dilute  glycerine. 

The  next  step  is  evaporation,  formerly  considered  a  process  of  great 
difficulty  when  fire-heated  kettles  were  used,  as  the  salt  caked  on  the 
sides  of  the  vessel.  The  modem  method  is  a  concentration  in  a  vacuum 
evaporator.  At  a  vacuum  of  27  to  28  inches  the  boiling  point  is  reduced 
to  such  a  point  that  the  salt  separating  does  not  adhere  to  the  heating 
tubes,  but  drops  into  a  chamber  placed  below.  Exhaust  steam  may  be 
used  during  the  greater  part  of  the  evaporation,  live  steam  being  used 
to  finish  oft.  The  salt  is  raked  out  on  a  vacuum-filter  and  after  washing 
may  be  used  again.  The  crude  glycerine  when  cold  has  a  specific  gravity 
of  1.30  or  33.5°  B4.  It  is  a  saturated  solution  of  mineral  salts  in  glycerine 
and  water.  The  salts  consist  largely  of  sodium  chloride  with  some  sul- 
phate and  the  sodium  salts  of  the  lower  fatty  acids.  It  is  slightly  alka- 
line with  soda.  The  glycerine  is  usually  about  80  per  cent.  It  may  run 
down  to  60  per  cent  in  bad  crudes  and  up  to  8S  per  cept  in  highly  concen- 
trated crudes  of  the  best  quality.  The  ot^nic  matter  not  glycerine  will 
average  2-3  per  cent  in  good  glycerines.  The  ash  will  run  from  8-10  per 
cent  in  good  crudes;  15  per  cent  and  more  in  bad  crudes  and  crudes  carry- 
ing soUd  salt. 

Soap4ye  crude  may  be  easily  reci^nized  by  its  high  salt  contents  when 
tested  by  mlver  nitrate,  giving  a  heavy  curdy  precipitate.  With  basic 
lead  acetate  a  heavy  precipitate  of  oxychloride  of  lead  is  obtained.  The 
specific  gravity  is  high. 

Saptmification  Crude  Glycerine.  This  is  the  by-product  of  the  candle 
industry  and  the  glycerine  obtained  when  fats  are  split  up  by  the  Tmtchell 
process,  the  fatty  acids  being  used  in  the  candle  or  soap  trades.  It  is 
free  from  sodium  chloride  and  practically  free  from  mineral  matter  in 
the  purer  grades.  The  thin  liquor  from  the  autoclaves  or  Twitchell 
saponifyii^  tanks  after  settling  to  separate  the  free  fatty  acids  is  treated 
with  a  little  lime  or  aluminium  sulphate  and  filter-pressed.  It  is  then 
evaporated  to  a  specific  gravity  of  1.24  at  60"  F.  or  28"  B6.    The  gly- 
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cerine  standard  for  saponification  crudes  is  88  per  cent.  In  poor  grades 
it  will  sometimes  run  down  to  82  per  cent  and  less  and  occamonally  is 
as  high  as  60  per  cent  in  high-grade  crudes.  The  ash  standard  is  0.5 
per  cent  and  the  organic  residue  1  per  cent  although  these  figures  are 
sometimes  greatly  exceeded.  As  a  rule  Twitchell  saponifications  are 
inferior  to  the  autoclave  crudes,  not  because  the  process  is  at  fault,  but 
because  the  Twitchell  method  makes  available  the  use  of  low-grade 
fats  and  greases,  which  cannot  be  profitably  treated  in  the  auto- 
clave. 

A  saponification  crude  is  distinguished  from  a  soap-lye  crude  by  the 
absence  of  salt  as  shown  by  the  silver  nitrate  test,  by  its  low  specific 
gravity  and  small  precipitate  with  basic  lead  acetate.  The  latter  may 
be  heavy  in  bad  crudes  but  is  of  a  Bocculent  character  and  easily  dis- 
tinguishable from  the  precipitate  of  lead  oxychloride.  Basic  lead  acetate 
affords  a  good  method  of  finding  the  quality  of  saponification  crudes  as 
a  high-grade  product  gives  only  a  slight  precipitate. 

Crude  glycerines  produced  bj  the  fermentation  process  are  but  rarely 
met  with. 

Puriflcation.  Crude  glycerme  contains  mineral  impurities  such  as 
salt,  sodium  sulphate,  carbonate,  hydrate,  acetate,  butyrate,  caproate, 
etc.,  together  with  iron,  lime,  arsenic,  and  other  metals.  As  volatile 
impurities  may  be  enumerated  fatty  acids  split  off  from  the  sodium 
salts,  acrolein  produced  during  distillation,  ammonia  and  amines,  sulphur 
compounds  and  trimethylene  glycol.  The  last-named  is  contained  in 
low-grade  crudes  derived  from  products  subject  to  fermentation.  There 
are  also  non-volatile  organic  substances  present,  such  as  albuminoids, 
resinous  bodies  and  polyglycerols. 

The  only  method  used  for  the  separation  of  glycerine  from  these  sub- 
stances is  distillation  combined  with  fractional  condensation.  By 
careful  distillation  the  non-volatile  substances  are  left  beliind  in  the  still, 
and  by  careful  control  of  the  temperatures  of  the  condensers  the  glycerine 
is  condensed  before  the  more  volatile  impurities. 

Pure  glycerine  boils  at  290°  C.  Saponification  crude  has  a  h^her 
boiling  point  and  soap-lye  crude  a  still  higher  one  because  of  the  impurities 
in  solution.  At  290°  C.  there  is  considerable  decomposition  of  the  gly- 
cerine with  formation  of  acrolein  and  polyglycerols,  particularly  in  presence 
of  impurities,  and  it  was  soon  found  that  the  glycerine  could  be  distilled 
at  lower  temperatures  and  with  less  decomposition  when  the  heavy 
vapors  were  carried  over  by  steam.  In  the  eighties  vacuum  distilla- 
tion was  first  used  as  it  was  discovered  that  the  boiling  point  of  glyrrerine 
was  materially  reduced  and  the  distillation  facilitated  by  th^  use  of  a 
vacuum  in  the  stills  and  condensers.  This  was  combined  with  a  steam 
jet,  the  steam  being  condensed  to  water  before  the  vapors  reached  the 
vacuum  pump.  The  source  of  heat  was  either  a  fire  under  the  still, 
which  also  served  as  a  superheater  for  the  steam  coil,  or  a  closed  coll 
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in  the  still  connected  with  a  high-presaure  boiler  and  a  separate  superheater 
for  the  steam  jet.  The  condensers  were  a  series  of  ^r-cooled  drums  or 
pipes  followed  by  water-cooled  receivers,  the  glycerine  being  condensed 
in  the  hot  air-cooled  drums  and  the  steam  carrying  some  glycerine  and 
volatile  impurities  in  the  water-cooled  receivers. 

The  various  steps  will  be  made  clear  in  the  following  descriptions 
showing  the  historical  development  of  the  processes.  The  illustrations 
and  part  of  the  text  are  taken  from  articles  by  Wood  and  Langmuir, 
published  in  the  "Transactions  of  the  American  Institute  of  Chemical 
Engineers,"  Vol.  2,  1909. 

It  is  not  improbable  that  the  first  form  of  apparatus  used  for  distilling 
glycerine  was  on  the  principle  of  that  shown  in  Fig.  316,  which  is  a  direct- 


flame-heated  still  connected  by  piping  to  a  condenser.  The  manufactur- 
ing cost  of  diatilliog  glycerine  with  this  simple  apparatus  would  be  too 
great  to  permit  of  its  use  at  the  present  time.  This  cost  would  be  due  to 
waste  of  glycerine  by  decomposition.  The  glycerine  would  vaporize  at 
the  temperature  of  the  boiling  point  of  glycerine  in  air.  The  fuel  used 
per  pound  of  glycerine  distilled  would  be  much  less  than  is  used  in  modem 
practice.  It  is  very  much  more  economical  to  vaporize  the  glycerine  at  a 
lower  temperature  and  to  use  more  fuel,  but  decompose  less  glycerine. 
Steam  Distillation.  One  of  the  earliest  types  of  apparatus  used  to  lower 
the  distilling  temperature  of  glycerine  is  that  shown  in  Fig.  317.  The  jet  of 
steam  issuing  from  the  nozzle  in  the  body  of  glycerine  near  the  bottom  of 
the  still  causes  the  glycerine  to  vaporize  betow  the  boiling  temperature, 
but,  after  the  combined  steam  and  glycerine  vapors  pass  through 
the  air-cooied  condensers  where  'most  of  the  glycerine  will  be  con- 
densed, it  is  impossible  to  prevent  some  glycerine  from  passii^  out 
into  the  air  along  with  the  steam.  Glycerine  will  not  all  condense 
out  of  steam  after  the  two  vapors  have  once  mingled  together,  so  that 
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the  only  way  to  recover  all  the  glycerine  that  has  left  the  still  as  vapcr 
ia  to  provide  means  to  condens3  Loth  steam  and  glycerine,  and  after- 
wards evaporate  the  water  out  of  the  glycerine.  Fig.  318  shows  this  nexf 
step  in  advance,  which  is  a  cold-water  condenser  added  in  series  with 
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the  air-cooled  condensers,  and  an  evaporator  to  evaporate  the  water 
that  is  condensed  along  with  the  glycerine  in  the  cold-water  condenser. 
When  glycerine  distillation  was  in  this  stage  of  development,  a  super- 
heater, as  shown  in  Fig.  318,  was  added  for  superheating  the  steam  flow 
before  entering  the   still.     It  is   remarkable  that  up  to  and  including 
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this  economy  in  manufacturing,  the  fuel  used  per  pound  of  glycerine 
distilled  became  greater  at  each  step. 

Vacuum  Distillation.  There  was  still  further  room  for  improvement 
in  preventing  decomposition  by  reducing  the  vaporizii^  temperature. 
Tha  vacuum  pump  shown  in  Fig.  319  was  the  means  of  reducing  this 
temperature.  Also,  considerable  steam  was  saved  by  evaporating  the 
"  sweet-water  "  in  evaporators  arranged  as  double  effects,  which  will  be 
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also  seen  in  this  figure.     There  are  some  glycerine  distilUi^  plants  of  the 
type  shown  in  Fig.  319  operating  to-day. 

Jobbins  and  Van  Ruymbeke  Process.  In  the  Jobbins  and  Van 
Ruymbeke  apparatus,  shown  in  Fig.  303,  the  principal  and  almost  the 
whole  difference  between  it  and  the  earUer  type  shown  in  Fig.  320  is  in 
abolishing  the  direct-fire  heat  under  the  still  and  substituting  therefor 
stefun-heated   coils,  both   for   superheating  the  Sow  of  steam  and   for 
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heating  the  body  of  glycerine  to  be  vaporized.  Fuel  can  be  saved  by 
heating  the  glycerine  by  this  method,  as  the  bottom  of  the  still  will 
not  compare  in  value  with  the  heating  surfaces  of  a  steam  boiler  in 
absorbing  heat  from  a  fire — more  heat  will  pass  up  the  chimney  from 
the  furnace  of  the  still  than  from  the  furnace  of  the  boiler. 

Heckmann  Sjrstem.     In  the  Heckmann  apparatus  shown  in  Fig.  321, 
the  next  advance  was  made  in  the  saving  of  fuel,  as  in  this  apparatus 
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there  is  possibly  but  little  "  sweet-water  "  to  be  evaporated.  There  are 
no  air-cooled  condensers  in  this  type.  The  glycerine  condenser  is  made 
up  of  a  vertical  series  of  annular  pans  fitting  tightly  in  a  cylindrical 
shell.  Over  the  hole  in  the  center  of  the  pan,  but  sufficiently  out  of  con- 
tact to  freely  permit  a  passage  for  the  flow  of  vapor,  are  inverted  dish-like 
covers — the  edge  of  the  covers  being  below  the  level  of  the  edges  of  the 
pans. 
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The  level  of  the  liquid  in  the  pans  is  maint^oed  just  above  the 
edges  of  the  covers  by  means  of  overflow  pipes  adapted  to  permit  a  flow 
of  liquid  from  the  higher  to  the  lower  pans  whenever  the  liquid  reaches 
the  overflow  level.  Above  the  glycerine  condenser  b  a  small  sweet- 
water  condenser  adapted  to  condense  a  small  portion  of  the  vapor  that 
passes  through  the  glycerine  condenser.  The  whole  arrangement  is  such 
that  the  steam  and  glycerine  vapors  coming  from  the  still  must  bubble 
up  through  the  liquid  contained  in  the  pans,  which  is  a  mixture  of  water 
and  glycerine;  the  water  evaporates  and  the  glycerine  condenses. 

The  small  sweet-water  condenser  at  the  top  supplies  the  water  to 
the  pans,  which  in  quantity  should  not  be  very  far  from  the  quantity  of 
glycerine  condensed  in  the  condenser.  The  vapor  which  b  not  condensed 
in  the  sweet-water  condenser  is  finally  condensed  in  an  ordinary  condenser, 


and  accordit^  to  the  claims  of  the  inventor  contains  so  little  glycerine 
that  it  can  be  run  to  the  sewer. 

Garrigue  System.  In  the  Ganigue  system,  Fig.  322,  an  ec<momical 
superheating  of  the  steam,  as  well  as  the  condensation  of  some  of  the 
glycerine,  are  both  obtained  in  the  same  piece  of  apparatus.  The  heat  sup- 
ply of  this  superheater  is  furnished  by  the  hot  vapor  coming  from  the  still 
which  flows  around  the  tubes  of  the  superheater,  while  through  the  tubes 
passes  the  steam  supply  of  the  still.  This  steam  supply  is  the  vapor 
arising  from  the  "  sweet-water  "  as  it  evaporates  in  the  evaporator. 
This  is  one  of  the  features  conducive  to  the  fuel  economy  of  this  system. 

What  glycerine  is  not  condensed  in  the  superheater  is  mostly  con- 
densed in  a  surface  condenser,  through  the  tubes  of  which  circulates 
warm  water.  In  all  the  above-described  systems  evaporatit^; — ^if  any 
is  done — is  accomplished  by  steam  directly  from  the  boiler,  or  exhaust 
from  the  engine. 

Wood  Process.  In  the  Wood  multiple-effect  apparatus,  Fig.  323, 
economy  of  fuel  is  obtained  by  uEdng  but  one  flow  <^  steam  to  a  number  of 
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stills  and  condensers,  the  stills  being  arranged  in  series  in  regard  to  the 
steam  flow;  that  is,  the  steam  from  the  steam  jet  of  the  first  still  flows 
through  a  series  of  stills  alternating  with  condensers,  the  condensers 
beii^  maint^ned  at  a  temperature  that  will  condense  glycerine  out  of 
the  steam  but  not  the  steam  itself.  The  glycerine  that  is  vaporized 
in  each  one  of  the  series  of  stills  fiows  along  with  the  steam  to  the 
condenser  next  in  line,  the  glycerine  beii^  condensed  while  the  steam 
passes  on  to  the  next  still. 

The  rather  high  condensing  temperature  in  the  condensers  is  main- 
tained by  using  water  boiling  under  a  low  pressure  as  a  cooling  agent. 
The  steam  generated  from  this  boiling  water  of  the  glycerine  condensers 
is  used  to  evapprate  "  sweet-water  "  and  also  to  evaporate  the  water  from 
which  the  steam  flow  of  the  stills  is  derived.  This  steam  Bow  i^  generated 
in  an  evaporator  which  is  fed  with  distilled  water,  so  that  no  impurities 
will  be  carried  over  to  the  stills,  with  the  steam.    The  heat  absorbed  in 


the  vaporization  of  the  glycerine  is  recovered  when  it  is  condensed  in  the 
boiling-water  condenSere.  The  heat  thus  transferred  is  sufficient  to 
supply  all  the  steam  necessary  for  the  stills  and  a  lat^e  proportion  of  that 
required  by  the  sweet^water  evaporators.  There  is  no  difficult;  in 
utilizing  the  exhaust  steam  from  the  engines,  as  there  is  always  considerably 
more  "  sweet-water  "  to  be  evaporated  than  that  which  is  condensed  in 
the  cold-water  condenser  or  last  condenser  of  the  series.  Washings  from 
filter-presses,  etc.,  are  a  source  of  much  sweet-water. 

An  arrai^ement  of  stills  and  condensers  in  series  along  a  single  flow 
of  steam  necessitates  a  free  How  without  obstructions.  Passing  the  steam 
flow  from  one  still  to  the  other  of  a  series,  and  mingling  it  with  the 
glycerine  by  steam  jets  beneath  the  surface,  is  out  of  the  question  in  this 
system,  as  too  much  back  pressure  would  result  from  overcoming  the 
hydrostatic  pressure  of  the  body  of  glycerine  in  each  still.  The  first 
stills  of  such  a  series  would  be  working  at  a  great  disadvantage,  due  to 
a  low  vacuum.    The  lower  the  vacuum  the  higher  must  be  the  distilling 
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temperature  to  get  a  good>output,  but  a  high  distilling  temperature  1b  a 
cause  of  decomposition.  In  this  system,  instead  of  forcing  the  ateam 
down  through  the  body  of  glycerine,  the  glycerine  is  pumped  up  and 
sprayed  down  through  the  steam,  and  no  back  pressure  to  the  flow  of  steam 
results. 

The  steam  economy  of  this  system  can  be  better  appreciated  by 
referrii^  to  Fig.  323,  and  foHoiring  the  course  of  the  heat  Sow  from  the 
boiler  to  the  final  cold-water  condensers.  It  will  be  seen  that  it  leaves 
the  boiler  through  the  steam  main,  is  carried  along  in  the  steam  principally 
as  latent  heat.    A  portion  is  taken  to  operate  the  engine  and  vacutmi 
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pump,  but  the  larger  flow  divides  and  passes  to  the  heaters  of  the  ax 
stills.  The  heat  is  here  taken  up  by  the  glycerine,  passes,  in  the  process 
of  vaporization,  to  the  steam  and  glycerine  vapor,  and  is  carried  to  the 
glycerine  condensers,  where  it  is  transferred  to  the  steam  arising  from 
the  boiling  water  therein. 

The  six  flows  from  the  boiling-water  condensers  then  come  together 
into  one.  On  the  way  to  the  evaporators  the  flow  again  divides,  the 
larger  portion  going  to  the  distilled-water  evaporator  and  the  smaller 
portion  joining  forces  with  the  flow  of  beat  from  the  first  effect  of  the 
sweet-water  evaporators,  which  receives  the  heat  of  the  exhaust  of  the 
engines,  passes  to  the  second  effect  of  the  sweet-water  evaporators,  then 
along  with  the  vapor  to  the  jet  condenser. 
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Gang  back  to  the  flow  of  heat  to  the  distiQed-water  evaporator, 
the  heat  flow  passes  into  the  pure  eteam  ariaiiig  from  this  evaporator, 
then  is  carried  again  to  the  stills;  but  this  time,  instead  of  dividing  into 
a  flow  for  each  still,  there  is  but  a  single  flow  passing  from  one  to  the  other 
through  all  the  stills  and  condensers  and  finally  to  the  cold  water  of  the 
sweet-water  condenser. 

It  will  be  noted  that  in  this  process  the  glycerine  instead  of  being 
heated  by  direct  Are  under  the  still,  or  by  closed  steam  coila  in  the  still, 
is  taken  from  the  bottom  of  the  still  by  a  centrifu^  pump  and  forced 
upwards  through  a  heat€r  containLog  a  number  of  small  tubes  surrounded 
by  high-pressure  steam. 

The  heating  surface  of  the  heater,  and  therefore  the  speed  of  dis- 
tillation, can  be  increased  to  a  point  which  cannot  be  reached  by  closed 
coils  in  a  still.  The  rate  of  flow  of  the  glycerine  through  the  heater  is 
dependent  on  the  speed  of  the  centrifugal  pump  and  may  be  adjusted  to 
the  best  conditions.  The  steam-pressure  maintuned  in  the  heater  deter^ 
mines  the  temperature  of  the  heating  surfaces.  As  the  three  conditions 
mentioned  are  variable  within  wide  limits  any  desired  distilling  tem- 
perature may  be  obtained  and  held  within  narrow  limits.  There  is  no 
difficulty  with  the  tubes  of  the  heater  becoming  clogged  with  salt 
or  oiganic  depodts,  for  the  current  prevents  any  deposition  of  solid 
matter.  Only  enough  glycerine  need  be  taken  to  fill  the  connections 
and  heater.  Under  the  old  process  a  considerable  body  of  glycerine 
must  be  kept  in  the  still  to  obtain  the  full  heating  effect  from  ttie  coils, 
which  extend  nearly  the  entire  height  of  the  still,  and  to  proloi^  the 
contact  of  glycerine^and  steam  from  the  open  jets,  so  as  to  enable  the  ^jteam 
to  take  up  its  full  chai^  of  glycerine  vapor.  A  large  excess  of  glycerine 
over  and  above  that  distilled  must  therefore  be  kept  in  the  still  and  main- 
tained at  a  high  temperature  for  a  long  time. 

In  this  connection  the  patent'  of  Classen  (German  pat«nt  198,768, 
1907)  is  interesting.  Classen  obtains  diglycerot  and  polyglycerol  by  heatr 
ing  anhydrous  glycerine  with  small  quantities  of  alkali  or  alkaline  soaps. 
Prolonged  heatii^  of  crude  glycerine  containing  such  impurities  in  the 
average  still  must  result  in  loss. 

In  the  Wood  process  the  glycerine  is  hot  and  anhydrous  and  there 
is  no  interruption  of  the  distillation  on  account  of  stops  for  filling  up  or 
blowing  out.  A  set  of  six  stills  in  series,  using  one  steam  supply,  is  now 
successfully  in  use  with  no  diminution  in  efficiency  of  the  last  still  aa 
compared  with  the  first.  Ail  the  stills  in  a  series  are  under  the  same 
vacuum,  which  is  uniform,  as  there  is  no  necessity  for  breaking  the  vacuum, 
as  must  be  frequently  done  in  the  old  ^stem  whenever  the  stills  are 
emptied  and  charged.  It  is  noteworthy  that  in  this  system  the  hot 
^ycerine  superheats  the  steam. 

Products.  Whatever  the  process  of  distillation  the  distillate  will  con- 
sist of  a  heavy  portion,  usually  almost  anhydrous  glycerine,  condensing 
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in  the  hot  condensers  and  a  "  sweet-water  "  consisting  of  the  condensed 
steam  used  in  the  distillation,  together  with  the  volatile  impurities  and  a 
little  glycerine.  The  "  sweet-water "  is  evaporated  to  recover  the 
glycerine  and  must  be  redistilled. 

Dynamite  Glycerine.  The  heavy  pori^ion  of  the  distillate  may  be  taken 
for  dynamite  grade  after  bringing  it  up  to  a  gravity  of  1.262  at  60°  F., 
by  heating  under  a  vacuum  in  an  evaporator.  Dynamite  glycerine  is 
sold  on  a  basis  of  specific  gravity  and  freedom  from  impurities,  especially 
salt.     The  gravity  is  ascertained  by  the  pyknometer,  and  must  be  at  least 


Fio.  324.— Wood  Multiple-effect  Stills. 
A,  Still;  B,  Steam  inlet;  C,  Heater;  D,  Circulating  pump. 

1.262  at  60°  F.,  referred  to  water  at  the  same  temperature.  Chlorine 
must  not  exceei  0.01  per  cent.     Ash  must  not  exceed  0.10  per  cent. 

Chemically  Pure  Glycerine.  With  good  grades  of  crude  and  careful 
handlii^  selected  portions  of  the  distillate  are  sometimes  taken  for  the 
chemically  pure  grade. 

As  a  rule,  however,  chemically  pure  glycerine  is  prepared  by  a  second 
distillation  with  steam  in  vacuo  and  the  final  product  is  treated  with 
cyanide  black  and  filter-pressed  to  remove  the  slight  color  and  clarify 
the  glycerine.  Chemically  pure  glycerine  as  required  by  the  United 
States  Pharmacopceia  need  only  be  of  95  per  cent  strength,  which  cor- 
responds to  a  specific  gravity  at  60°  F.  of  1.252.  It  is  commtmly  prepared 
by  the  addition  of  the  necessary  amount  of  distilled  water  to  the  glycerine 
obtained  in  the  hot  condensers.     The  strength  may  be  found  more  accu- 
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rately  by  specific  gravity  than  by  analysis,  provided  &  correct  table  is 
used.  Of  those  published  the  Gerlach  is  the  most  accurate.  Standards 
of  purity  are  defined  in  the  U.'S.  Phannacopceia,  9th  Revision,  1916. 

Foots.  The  fesidue  of  organic  matter  and  salts  which  accumulates  in 
the  still  toward  the  end  tA  the  distillation  is  called  foots.  In  some  plants 
the  distillation  with  steam  is  continued  until  portions  of  the  condensed 
distillate  show  the  specific  gravity  of  water,  when  it  is  assumed  that  all 
of  the  glycerine  has  been  extracted  and  the  residue  is  boiled  up  with 
water  and  blown  out  to  the  aewer.  In  other  cases  the  crude  glycerine  is 
distilled  down  until  the  foots  carry  40-50  per  cent  of  glycerine  and  are 
BtiU  fiuid  when  hot.  The  reMdue  is  blown  out  of  the  still,  thinned  down 
with  "sweet-water,"  press-washings,  etc.,  and  treated  with  aluminium 
sulphate  or  persulphate  of  iron  to  precipitate  organic  matter  and  filter- 
pressed.  The  filtrate  is  concentrated  and  the  resulting  crude  either  dis- 
tilled for  itself  or  mixed  with  fresh  crude. 

Another  method  of  foots  treatment  is  acidification  with  sulphuric 
acid  after  dilution  with  "  sweet^water."  A  scum  of  black,  tarry  matter  is 
ekimmed  oS  and  the  liquid  filtered  through  bags.  The  acid  filtrate  is 
concentrated  in  a  cast-iron  evaporator  and  a  considerable  part  of  the 
free  fatty  acids  present  are  eliminated  with  the  steam. 

Yield.  There  are  but  few  published  statements  as  to  glycerine  loss 
in  refining.  The  factory  should  be  charged  with  the  amount  of  anhydrous 
glycerine  as  found  by  analysis  in  the  weighed  crude  deUvered  to  the 
works.  The  distilled  glycerine  produced  is  multiplied  by  the  percentage 
of  glycerine  as  ascertained  by  specific  gravity  tests,  usually  99  per  cent 
with  dynamite  glycerine  and  95  or  over  with  chemically  pure.  The 
difference  between  the  receipts  and  outgo,  divided  by  the  amount  of  crude 
worked,  multiplied  by  100,  is  the  percent  loss, 

Lewkowitsch  states  that  losses  incurred  by  faulty  methods  are  large, 
and  rai^e  from  as  much  as  15  to  even  40  per  cent.  In  an  editorial  in  the 
Jour.  Industrial  and  Engineering  Chem.,  1911,  4,  the  statement  is 
made  that  "  good  soap-factory  practice  will  recover  from  80-90  per  cent 
of  the  glycerine  in  the  fats  saponified,  and  of  this  the  still  will  win  97  per 
cent  or  more.  These  are  good  yields  and  the  percentage  in  many  factories 
will  not  run  so  high."  Hinckley  ^ves  the  loss  as  5  per  cent  and  Davis 
as  4  per  cent.     (See  literature.) 

Glycerine  is  shipped  in  plain  or  galvanized-iron  drums  of  55-  or  110- 
gallon  capacity,  corresponding  to  550  and  1100  pounds  respectively,  and 
in  50-pound  boxed  tin  cans. 
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CHAPTER  XXX 

LAUNDERING 

W.  F.  FARAGHER 

Betemvh  Chemut,  Mellon  ImtUute,  PHtAvrgh,  Pa. 

Growfli  <rf  tlie  Industry.  The  growth  of  the  power  laundering  in- 
dustry during;  the  thirty-five  or  forty  years  since  its  initiation  in  Uiis 
country  has  been  almost  phenomenal.  Laundries  were  included  in  the  1910 
report  of  the  Census  Bureau  for  the  first  time.  The  number  of  power 
laundries  given  is  5184,  which  does  not  include  hotel,  factor)-  or  institu- 
tional plants.  From  these  figures  it  will  be  seen  that  power  laundering 
has  a  much  greater  commercial  importance  than  is  generally  supposed. 

Among  the-  numerous  factors  which  have  made  this  rapid  develop- 
ment possible,  the  two  following  may  be  cited  as  the  most  important. 
First,  the  marked  changes  which  have  occurred  in  the  social  and 
economic  conditions  throughout  the  country,  and  second,  the  great 
advances  made  in  laundry  practice  as  a  result  of  the  ingenuity  displayed 
by  prc^ressive  launderers  and  manufacturers  of  laundry  machinery  and 
supplies. 

Most  satisfactory  results  have  been  obtained  in  the  invention  of 
new  kinds  of  labor  saving  devices,  and  it  must  be  conceded  that  the 
standard  of  excellence  of  the  mechanical  equipment  in  the  laundries 
compares  favorably  with  that  of  other  kinds  of  machinery.  Relatively 
more  remains  to  be  done  in  bringii^  the  chemical  side  to  an  equally 
satisfactory  level.  Only  recently  has  t^e  value  of  introducing  methoda 
devised  in  accordance  with  a  knowledge  of  chemical  principles  been 
realieed,  and  in  a  majority  of  plants  "  rule  of  thumb  "  methods  are 
still  followed. 

Notbwithstanding  this  fact,  and  in  spite  of  it,  the  qutUity  of  work 
v\nch  can  be  obtained  by  the  use  of  machinery  and  supplies  now  avail- 
able and  in  use  is  very  good.  In  fact,. many  laundries  do  a  grade  of 
work  that  is  excellent  in  appearance  and  do  it  with  comparatively  little 
injury  to  the  fabrics.  It  is  the  small,  poorly  equipped,  and  badly 
managed  laundries  which  are  responsible  for  the  prevalence  of  the  notjOQ 
that  the  steam  laundry  at  its  best  is  a  failure.  Although  the  possibilities 
in  this  field  have  by  no  means  all  been  realized,  much  has  been  accom^ 
pluhed  and  the  future  certainly  holds  much  in  store. 
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The  practice  of  doing  laundry  work  in  the  homes  and  by  the  help 
of  washerwomen  haa  become  less  general,  as  the  quality  of  the  work 
done  by  the  power  lauadries  has  improved.  It  seems  inevitable  that 
the  change  shall  continue  at  an  increasing  rate,  for  the  laundries  will 
be  enabled  to  do  better  and  cheaper  work,  and  to  observe  better  sanitary 
conditions  as  improvements  continue  to  be  introduced. 

The  laundering  industry  is  not  to  be  classed  as  a  purely  chemical 
industry,  but  like  many  others  which  are  largely  mechanical,  its  successful 
operation  depends  on  the  proper  combination  of  mechanical  and  chemical 
processes.  Besides  those  chemical  reactions  which  are  essential  parts  of  the 
work,  there  are  others  which  occur,  under  certain  conditions,  as  objection- 
able irregularities.  The  more  extensively  the  details  of  both  of  these 
classes  have  been  taken  into  conraderation  and  controlled  in  a  given  plant, 
the  more  unifonn  and  satisfactory  have  been  the  results  obtained.  For 
these  reasons  a  brief  description  of  the  methods  employed  in  a  modem 
power  laundry  may  not  be  without  interest  and  value  to  ehemisto. 

The  launderer's  business  is  the  cleansing  and  subsequent  finishing 
for  uae  of  textile  fabrics,  and  this  is  necessarily  custom  work.  For  this 
reason,  the  methods  employed  will  be  diiferent  in  different  localities, 
but  the  essentia  features  are  quite  similar  throughout  the  country. 
The  Istundering  problem  is  a  complex  one,  on  account  of  the  great  variety 
of  fabrics  to  be  handled,  and  the  large  number  of  dyestuffs  now  used 
complicates  the  matter  still  further.  On  account  of  the  diEFerences 
in  the  chemical  properties  of  the  various  fibers  and  dyestuffs,  numerous 
methods  of  treatment  are  necessary  for  the  different  classes  of  articles. 
Those  textile  fibers  most  largely  used  are  cotton,  flax,  wool,  and  silk, 
woven  either  separately  or  in  different  combinations.  The  list  of  dye- 
stuffs  is  an  extremely  large  one.  For  the  successful  performii^  of 
laundry  work,  a  knowledge  of  the  chemical  properties  of  these  different 
fibers  and  dyes  is  essentiid. 

Another  factor  which  causes  dlffer^ices  in  the  processes  ^nptoyed 
b  the  nature  of  the  substances  to  be  removed  and  the  extent  to  which 
the  articles  are  soiled.  It  is  difficult  to  classify  these  substances,  but 
roughly,  divisions  may  be  made  as  follows:  Albuminous  substances, 
such  as  blood  and  e^  stains;  vegetable  dyes  which  cause  fruit  and  wine 
stains;  fats  and  oils,  includii^  hydrocarbon  greases  and  oils;  acid  and 
alkali  stains;  body  excretions  and  waste  epithelial  cells;  old  stardi; 
street  dirt  and  soot. 

For  convenience  of  treatment,  the  work  of  the  laundry  may  be  divided 
into  several  parts.  These  include  generation  of  power,  collection,  listing, 
marking  and  sorting  of  the  articles,  washing,  starching,  drying,  dampening 
and  ironing,  followed  by  finishii^  and  preparation  for  distribution.  It 
is  obvious  that  many  of  these  operations  are  not  based  on  chemical 
principles,  and  these  will  be  described  only  briefly,  in  order  that  the 
connection  between  the  various  steps  may  be  apparent. 
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After  collection,  the  bundles  are  brought  to  the  markmg 
room.  There  they  are  opened,  all  articles  not  already  marked  are 
marked  with  an  indelible  ink,  and  a  list  of  each  customer's  articles  is 
made.  Machines  operating  oo  the  typewriter  principle,  allow  the  marking 
to  be  done  neatly  and  quickly,  and  a  tabulator,  recently  mvented,  makes 
and  prints  a  correct  list  of  all  the  articles.  The  sorting  into  lots  of  the 
same  kind  is  next  done,  when  the  articles  are  ready  for  the  washroom. 

Washing  Machine.^  This  part  of  the  process  is  the  one  which  employs 
chemical  reactions  more  largely  than  any  of  the  others.  The  proper 
handling  of  the  articles  in  the  washroom  is  absolutely  necessary  for 
the  tumii^  out  of  property  finished  work,  and  also  for  the  prevention 
of  excessively  harmful  action  to  the  fibers. 


Fig.  325. —Washing  Machine. 

The  machines,  Fig.  325,  in  which  the  washing  is  done  condst  of  two 
concentric  wood  cylinders  (the  inner  one  is  often  brass)  with  a  space  of 
several  inches  between  them.  The  outer  cylinder  is  stationary  and  is 
connected  to  the  water  and  steam  pipes,  and  also  to  the  drain  pipe.  The 
inner  cylinder,  into  which  the  clothes  are  placed  through  a  bii^;ed  door,  is 
perforated  with  a  series  of  small  holes,  which  allows  the  liquids  introduced 
to  partly  fill  both  cylinders.  For  the  purpose  of  forcing  the  solution 
through  the  fabrics,  the  inner  cylinder  is  revolved,  and  an  automatic 
reversing  device  operates  at'r^ular  short  intervals.  All  of  the  solutions 
with  which  the  articles  are  treated  are  introduced  into  the  washer  in 
succession,  and  the  clothes  are  not  removed  until  they  are  finished  and 
ready  for  the  extractors,  which  are  centrifugal  drying  machines. 

Detergents.  The  detergents  used  arc  water,  soap,  carbonate  and 
bicarbonate  of   sodium   and  potassium,  sodium    hydroxide,  borax,   and 

'The  illustrationa  in  thie  chapter  ore  from  the  American  Laundry  Machinery 
MtmitttKtiuing  Co.,  Chicago,  IlL 
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mixtures  of  carbonates  and  bicarbonatea,  sold  under  trade  names  as 
washing  sodas.  In  choosing  a  substance  from  the  list,  not  only  should 
its  action  as  a  cleansing  agent  be  considered,  but  the  possibility  of  its 
attacking  the  fabrics  should  not  be  lost  sight  of.  Soaps  are  unquestionably 
the  best  detergents,  and  the  practice  of  adding  large  quantities  of  alkaline 
substances  to  them  is  not  a  good  one,  in  case  a  soft  water  is  being  used. 
Neutral  soaps,  te  the  solutions  of  which  small  quantities  of  soda  aeb 
may  be  added,  are  preferable  to  stroi^ty  alkaline  soaps,  which  are 
generally  used  in  ignorance  of  their  alkaline  content.  Experiments  have 
shown  that  soda  ash  is  just  as  satisfactory  as  the  prepared  washing  sodas 
provided  it  be  used  properly,  and  it  has  the  advantage  of  costing  less. 
Prejudice  agamst  the  use  of  soda  ash  seems  to  be  due  to  the  fact  that 
it  b  used  in  too  large  quantities,  since  the  amount  of  washing  soda  called 
for  in  the  regular  formula  is  simply  replaced  by  a  like  quantity  of  soda 
ash,  when  a  change  is  made.  Since  the  washing  sodas  are  approxmiately 
half  soda  ash  and  half  sodium  bicarbonate  (exclusive  of  the  water  con- 
tent) it  is  seen  that  a  much  smaller  quantity  of  soda  ash  should  be  taken 
to  give  an  equally  strong  alkaline  solution.  Alkalies  react  readily  with 
wool  and  silk,  but  do  not  attack  cellulose  appreciably  unless  the  solu- 
tions are  concentrated.  The  chief  objection  to  their  use  with  cellulose 
is  the  production  of  a  yelled  color,  even  if  the  solutions  be  relatively 
weak. 

Laundry  Soaps.  The  best  soaps  for  general  use  are  those  made 
from  good  grades  of  red  oil — crude  oleic  acid.  They  are  much  more 
soluble  than  tallow  soaps,  and  the  oleates  have,  in  addition,  more  pro- 
nounced detergent  action  than  the  pahnitates  and  stearates.  This 
greater  solubility  is  an  advantage,  since  it  permits  more  efficient  removal 
of  the  soap  by  rinsing.  Resin  soaps  are  inferior  as  cleansers,  and  further- 
more they  produce  a  yellow  cast  in  the  fabrics  when  used  repeatedly.' 

Theory  of  Washing.  For  many  years  the  detergent  actioli  of  soap 
has  been  a  subject  of  much  interest  to  chemists,  and  consequently  a 
large  number  of  theories  has  been  advanced  for  its  explanation.  It  is 
interesting  to  note  that  all  of  these  theories,  except  one,^  start  from 
the  same  premise,  as  regards  the  condition  of  the  substances  to  be 
removed,  the  dirt.  According  to  this  assumption,  all  dirt  adheres  to 
fabrics  because  of  a  film  of  fatty  substances,  and  only  when  the  latter 
is  removed  is  it  possible  for  the  dirt  particles  to  be  loosened  and  car- 
ried away  by  the  suds.  The  point  of  difference  between  all  of  these 
theories,  with  the  one  exception,  is  simply  the  manner  in  which  this 
film  is  thought  to  be  destroyed.  Although  this  cause  for  the  adhering 
of  dirt  particles  is  undoubtedly  operative  in  many  cases,  it  seems  very 

■H.  L.  Jackson,  Cantor  Lectuiee,  1907;  also  Dafert  and  Wolfbauer,  Ottler.  Chem. 
Ztg.,  1908,  No.  12,  abstracted  in  Chem.  AbOracU,  1908,  p.  1224. 

■  W.  Spring,  Za.  /tir  Chem.  und  Ind.  dtr  KiMoiile,  IV,  161  (1900),  slao  Ste.  Trot. 
Ckim.  da  Fayi-Bcu,  XXVIII  (2  s*rie,  XIII),  p.  120. 
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likely  that  the  coaclusioa  that  it  is  exclusively  true  is  unwarraiited — 
it  at  least  lacks  experimental  proof.  Whatever  may  be  thought  of 
Spring's  theory,  it  must  be  admitted  that  his  experiments  show  that 
Boap  possesses  marked  determent  properties  under  conditions  where  a 
fatty  film  is  certainly  absent.  No  one  of  these  theories  seems  to  ac- 
count for  all  of  the  known  facte,  and  tbe  problem  still  lacks  an  entirely 
satisfactory  solution. 

The  earliest  theory  b  that  of  Chevreul,  which  was  published  in  the 
report  of  ills  researches  on  animal  fats  (1811-23).'  These  investiga- 
tions showed  that  soap  is  decomposed  into  free  alkali  and  acid  salts  of 
the  fatty  acids  when  it  is  dissolved  in  large  quantities  of  water.  The 
alkali  thus  formed  is  assumed  to  be  most  largely  responsible  for  the 
detergent  properties,  which  are  accounted  for  as  follows:  By  a  simple 
saponification  of  the  fats  by  this  alkali,  the  dirt  particles  are  thoi^t 
to  he  left  free  and  carried  away  and  prevented  from  settling  in  the 
fabrics  by  tbe  acid  salts  of  the  fatty  acids,  which  constitute  the  suds. 
This  explanation  is  an  ingenious  one,  and  has  for  many  years  been  most 
favorably  received.  However,  there  seem  to  be  objections  to  it  which 
are  insurmountable. 

It  b  true  that  ^oaps  do  under^  hydrolysb,  but  with  soap  solutions 
of  the  strength  ordinarily  used — only  several  per  cent  of  soap — the 
quantity  of  alkali  produced  by  the  reaction  b  necessarily  small,  since 
measurements  of  the  per  cent  of  hydrolysb  give  smalt  values.^  Since 
saponification  at  best  b  one  of  the  slower  chemical  processes,  it  b  incon- 
ceivable that  this  weak  alkaline  solution  coidd  exert  an  appreciable 
action  on  the  fats  in  the  short  time  necessary  for  wasiiing.  Besides, 
solutions  of  the  alkalies  of  the  same,  or  even  greater  strength,  are 
inferior  as  cleansers. 

A  theory  which  seems  to  be  supported  by  a  larger  number  of  facts 
assumes  that  the  detergent  properties  must  be  ascribed  to  the  emul- 
sification  of  the  fats  which  are  the  cause  of  adherent  dirt.^  The  properties 
which  seem  to  be  most  closely  ^connected  with  the  detergent  action  are 
a  high  surface  viscosity  and  a  low  surface  tension,  both  of  which  are 
possessed  by  soap  solutions  to  a  marked  degree. 

Besides  the  breaking  up  of  the  fatty  film  the  power  of  wettii^  oily 
surfaces  and  of  lubricating  dirt  particles  and  fibers  must  be  considered 
important  factors  in  the  cleansing  process.  Hillyer  iias  shown  by  a 
nmnber  of  experiments  that  these  properties  also  are  due  to  the  unde- 
composed  portion  of  the  soap  and  not  to  the  alkali  formed  by  hydrolysis. 
A  method  for  grading  commercial  soaps  which  is  based  on  thb  theory, 

'  Chevreul,  ''Recherchea  ctumiques  nir  les  corps  Eras  d'origine  aoimale." 
*  H.  L.  Jadnon,  Cantor  Lectures,  1907. 

■  HiUyer,  J.  Am.  Chem.  Soe.,  XXV,  511-32,  also  1256-65.  AIm  DonnoD,  Ibid, 
XXV,  1215  and  Z.  rhyeik.  Cbem.,  tl,  42. 
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has  been  devised  by  HUlyer.  TTie  Burface  tension  of  solutions  of  the 
different  soaps  against  a  standard  hydrocarbon  oil  is  measured  by  the 
drop  method.  The  values  obtained  classify  the  soaps  in  the  order  of  their 
usefuhiess  as  detergents,  since  solutions  having  low  surface  tensions 
are  shown  experimentally  to  be  superior  detei^nts. 

As  an  amplification  of  the  above  theory  another  has  been  advanced 
which  includes  the  influence  of  pedesis,  or  the  so-called  Brownian  move- 
ment, m  affectii^  the  size  of  the  dirt  particles.'  Experiments  are  cited 
which  are  interpreted  as  proving  that  the  bombardment  of  attached 
dirt  by  the  microscopic  particles  in  suspension  which  show  the  Brownian 
movement  causes  a  disintegration  of  the  dirt  into  portions  small  enou^ 
themselves  to  exhibit  pedesis.  W.  S.  Jevons  ^  had  published  a  theory 
which  is  quite  similar  to  the  above,  but  which  did  not  ascribe  as  large 
a  part  to  the  emulsification  of  the  fats. 

The  peculiarity  about  Spring's  theory  ^  is  that  he  proposes  a  new 
reason  for  the  adherence  of  dirt  particles  to  fibers,  namely,  the  formation 
of  a  dirt-fiber  adsorption  compound.  The  explanation  of  the  cleansing 
action  of  soap  solutions  is  given  by  the  formation  of  more  stable  soap- 
dirt  adsorption  compounds,  which  are  carried  away  by  the  mechanical 
action  exerted  during  the  washing  process.  This  removes  the  problem 
to  the  field  of  colloid  chemistry,  a  branch  of  the  science  which  is  just 
now  experiencing  a  wonderful  growth.  Although  many  facts  are  enu- 
merated in  support  of  this  theory,  it  would  seem  that  it  has  not 
assumed  its  final  form,  as  yet. 

Classes  of  Fabrics.  The  nature  of  the  treatment  is  conditioned  by 
the  kind  of  fabrics  being  washed,  and  a  number  of  classes  might  be  made 
as  follows:  white  collars,  cuffs,  and  shirts,  either  linen  or  cotton;  colored 
cotton  clothes,  usually  sorted  as  to  colors;  woolen  goods;  white  fabrics 
other  than  shirts  and  collars;  and  silks.  It  is  evident  that  all  of  these 
groups  could  not  be  submitted  to  the  same  treatment;  as  for  example, 
all  could  not  be  bleached  by  chloride  of  lime,  as  are  the  white  cotton  and 
linen  goods.  In  order  to  simplify  the  present  description,  only  the 
process  employed  in  the  case  of  white  linen  and  cotton  fabrics  will  be 
outlmed  and  some  of  its  chemical  points  will  be  discussed.  The  main 
differences  between  this  and  the  other  processes  will  then  be  mentioned 
briefly. 

A  representative  outline  of  the  "  collar  and  cuff  "  treatment  is  the 
following: 

■  H.  L.  Jackson  I.  c,  p.  644,  note  2. 
'  W.  S.  JevoDB,  Chem.  iVeiw,  21,  66. 
'  W.  Spring,  1.  c,  p.  644,  note  2. 
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Tima  of  Bun. 

Room  temperature 

Brought  gradually  to  boiling  temperature 

in  10  to  15  minutes 
Brought  gradually  to  boiling  temperature 
in  10  to  15  minutes 

60-80° C. 
60-80'  C. 
40° 
40° 
40° 
40° 

3.  Second  suds  &Dd  bleach... 

2Smin. 

6.  Warm  rinse  and  acid 

7.  Blue 

5-10  min. 

Water  Supply.  Since  water  is  used  throughout  the  washing  process, 
and  is  easily  the  most  important  agent  of  all,  it  may  be  well  in  the  start 
to  state  the  conditions  which  must  be  realized  in  a  water  supply,  if  good 
results  are  to  be  obtained.  Hard  water  should  never  be  used  in  the 
washer.  If  it  is  used  in  making  the  soap  solution,  or  in  the  rinses, 
difficultly  soluble  soaps  of  calcium  and  mi^esium,  which  are  difficult 
to  remove,  are  precipitated  in  the  fibers.  If  not  removed,  they  make 
the  fabrics  harsh,  and  when  heated  in  the  dryroom,  or  in  the  ironing 
machines,  they  decompose  with  the  formation  of  yellow  or  brown  sub- 
stances. Experiments  made  by  the  writer  have  shown  that  larger 
quantities  of  soap  and  alkaline  substances  are  removed  by  soft  water 
than  by  bard,  and  the  color  of  the  finbhed  product  is  uniformly  better 
in  the  former  case.  This  is  contrary  to  the  belief  general  among  launderers, 
since  when  soft  water  is  used,  the  rinse  water  continues  to  form  suds 
even  after  several  changes.  This  is  not  due,  however,  to  a  removal 
of  less  soap  in  thb  case,  but  rather  to  the  fact  that  by  the  use  of  hard 
water  the  soap  is  changed  into  the  above  mentioned  calcium  and  mag- 
nesium compounds,  which  do  not  foam  on  account  of  their  slight 
solubility. 

The  softening  must  be  carefully  done,  so  that  the  water  b  left  as 
nearly  neutral  as  possible.  Otherwise  a  larger  quantity  of  alkali  must 
be  neutralized  when  the  acid  is  added  for  the  sour  bath  (6),  which  occasions 
an  unnecessary  expense.  On  account  of  the  large  quantities  of  water  used, 
and  since  very  few  water  supplies  are  suitable  without  treatment,  a  water 
softening  plant  of  some  kind  should  be  installed  in  every  laundry.  It  is 
not  difficult  to  prepare  a  water  which  has  from  three  to  five  degrees  of 
hardness,  and  which  is  nearly  neutral.  An  elaborate  plant  is  not  necessary 
— two  tanks  of  suitable  dze  to  furnish  the  water  needed  are  sufficient. 
Water  may  be  used  from  one  of  these,  while  the  precipitate  in  the  other  is 
settling  out.  The  reagents  may  be  mixed  with  the  raw  w^ter  by  stirring 
with  a  paddle,  with  exhaust  steam,  or  with  compressed  air.  Very 
efficient  plants  which  furnish  a  continuous  supply  of  water  are  available. 
These  have  the  advantage  of  requirii^  less  ground  space  per  given 
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bourly  output  of  softened  water  than  those  of  the  above  described 
itatermitteut  type.  Complete  plants  of  the  latter  kind,  which  give 
perfectly  satisfactory  results,  are  also  available.  In  the  event  that  sus- 
pended substances  are  not  carried  down  by  the  precipitate  during  the 
settling,  coagulants,  such  as  alum,  may  be  added.  A  satisfactory  pro- 
cedure is  to  filter  such  waters  through  pressure  sand  filters  which  are 
designed  for  use  in  laundries.  These  filters  give  very  good  satisfaction, 
and  are  easily  cleaned  in  a  very  few  minutes  by  simply  changing  several 
valves.  With  an  abundant  supply  of  clear  soft  water  good  results  are 
made  much  easier  than  b  otherwise  the  case. 

Cold  Rinse.  After  the  clothes  are  put  into  the  machine,  cold  water 
is  admitted  and  allowed  to  remain  for  about  five  minutes.  The  object 
of  thb  cold  water  bath,  to  which  a  little  soda  ash  or  washing  soda  is 
frequently  added,  is  to  remove  loose  dirt,  and  also  to  dissolve  albuminous 
substances,  which  would  be  coagulated  if  hot  water  were  used  at  once. 
After  about  five  minutes  this  action  should  be  complete,  and  Uie  water 
is  dischai^^. 

First  Suds.  Hot  water  is  now  run  in,  and  the  soap  solution  con- 
tainii^  the  alkaline  substances,  if  any  are  to  be  added,  is  introduced. 
By  admitting  steam  from  the  boiler,  the  temperature  of  the  water  may 
be  nused  to  about  the  boilii^  point  and  kept  there  during  the  remainder 
of  the  run.  The  quantity  of  soap  and  alkali  added  is  varied  with  the 
conditions,  an  average  being  sufiicient  to  make  the  strength  of  solution 
about  }  per  cent  m  soap,  and  }  per  cent  soda  ash.  For  a  machine  designed 
to  wash  75  lbs.  (approximately)  of  wr  dry  clothes,  about  thirty  gallons 
of  this  solution  are  required.  After  twenty-five  minutes  the  solution  is 
discharged.  A  very  good  feature  would  be  to  rinse  at  this  stage  in  order 
to  remove  the  dirty  soap  solution  left  in  the  clothes. 

Second  Suds.  The  second  soap  and  alkali  solution  is  generally  made 
a  little  weaker  than  the  first.  The  bleach  liquor  is  added  along  with  the 
soap,  and  the  whole  discharged  after  twenty-five  minutes.  The  bleach 
most  frequently  used  is  sodium  hypochlorite  made  from  the  calcium 
salt  by  treatment  with  soda  ash.  Hectrolyzers  for  the  preparation  of 
sodium  hypochlorite  from  common  salt  solutions  by  electrolysis  are 
being  introduced  into  some  of  the  laundries.  The  bleach  liquor  pro- 
duced by  them  is  similar  in  action  to  that  made  from  bleaching  powder 
and  soda  ash,  as  would  be  expected.  The  former  contains  more  sodium 
chloride,  but  is  more  easily  prepared  neutral  than  the  latter.  Enough 
.  of  this  bleach  solution  is  added  in  the  washer  mentioned  above  to  yield 
ttom  50  to  70  gms.  of  available  chlorine.  >  Many  colored  substances  are 
removed  by  being  oxidized  by  the  hypochlorite,  the  resulting  colorless 
substances  being  taken  away  by  the  soap  and  alkaline  substances  added. 
Many  teste  have  shown  that  the  available  chlorine  is  all  used  up  in  from 
ten  to  thirty  minutes  under  the  conditions  it  is  used,  the  difference  in 
time  depending  on  the  rate  at  which  the  solution  is  heated.    This  fact 
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is  of  importaoce  to  launderers,  and  explains  the  appearance  of  a  yellow 
color  in  certain  lots  of  clothes.  The  yellow  color  is  caused  by  the  forma- 
tion of  a  colored  substance  throi^h  the  action  of  alkalies  with  oxycellulose, 
the  oxidation  pnxluct  of  cellulose  and  the  hypochlorite.  The  persist* 
ence  of  this  color  becomes  poa^ble  when  the  available  chlorine  is  all 
destroyed  before  the  aolutioa  is  discharged.  The  yellow  compound  is 
destroyed  by  hypochlorites,  also  by  acids. 

The  most  harmful  part  of  the  washing  process,  as  it  is  ordinarily 
conducted,  is  unquestionably  the  bleaching.  This  has  been  shown  in 
a  number  of  ways.^  Independent  series  of  collars  have  been  treated 
each  by  a  separate  one  of  the  operations,  e.g.,  soap,  alkali,  soap  and 
bleach,  acid,  etc.,  and  then  starched  and  ironed.  Those  collars  of  tJie 
bleach  series  broke  much  sooner  than  the  oth^s — seven  to  nine  treat- 
ments being  an  average  for  the  bleached  collars,  and  twenty-five  for  a 
series  washed  in  hot  water  and  employed  as  a  check.  A  determination 
of  the  breaking  strength  of  cotton  threads  has  shown  the  same  thing.^ 
Threads  which  broke  originally  at  1725  gms.  had  their  breakii^  strength 
decreased  to  100  gms.  when  treated  twenty  times,  using  the  larger  quantity 
of  available  chlorine  mentioned  above. 

Acid  Rinse.  The  purpose  of  the  acid  solution  is  the  neutralization 
of  all  alkalies  not  rinsed  from  the  goods.  The  blues  which  are  used 
to  counteract  yellowness  in  the  clothes  are  basic  aniline  dyes,  and  are 
decomposed  by  alkalies.  Sufficient  acid  is  added  to  neutralize  the  alkalies 
and  to  leave  a  slight  excess — usually  less  than  N/50  with  respect  to  the 
acid.  The  acids  used  are  acetic,  lactic  and  oxalic.  The  first  two  have 
the  advantage  of  being  very  weak  acids  and  consequently  do  not  attack 
cellulose  readily,  even  when  their  solutions  are  concentrated.  Oxalic 
acid  is  considerably  stronger  than  these,  but  is  extensively  used  because 
it  removes  iron  stains,  on  account  of  the  formation  of  complex  iron- 
oxalate  anions.  The  action  between  acid  and  cellulose  is  not  marked  so 
long  as  the  acid  remains  dilute,  as  is  the  case  while  the  fabrics  are  in  the 
machine.  However,  any  acid  which  is  not  rinsed  out  becomes  concentrated 
when  the  articles  are  placed  in  the  drying  nxnn,  or  passed  over  the 
heated  rolls  of  an  ironing  machine.  Since  the  acid  is  not  used  up  during 
the  reaction,  a  small  quantity  of  this  dilute  solution  is  able,  after  con- 
centration, to  hydro^ze  considerable  cellulose  in  a  relatively  short 
time. 

Tests  were  run  on  series  of  cotton  threads  as  follows:   the  threads 

'  were  dipped  into  N/50  solutions  of  sulphuric,  hydrochloric,  acetic  and 

oxalic  acids.    They  were  then  run  in  an  extractor  without  having  been 

rinsed,  and  dried  for  twenty  minutes  at  100°  C.    This  operation  was 

>  Unpublished  resultB  by  writer. 

*Serie8  of  100  threads  each  were  used  in  order  to  obtaio  a  reliable  mean  value. 
Duplicate  detennioatioiiB  show  that  the  mean  thua  obtained  is  accurate  within  the 
limit  of  the  other  experimental  ernss. 
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repeated   ten   times,   rinsii^   with   distilled   water  between   treatmentB 
in  order  to  remove  the  acid  left.    The  following  results  were  obtained: 

Ordinal  breaking  strength 1725 

Acetic  acid  series 1520 

Oxalic  acid  series 265 

Hydrochloric  acid  series <20 

Sulphuric  acid  series <20 

Boiling  a  series  of  threads  in  N/50  oxalic  acid  solution  for  three  hours 
caused  a  decrease  to  1250.  It  will  be  seen  that  if  oxalic  acid  be  used  and 
no  rinse  follows  the  blue  solution,  this  operation  is  one  of  the  most 
harmful.    A  series  of  collars  treated  in  this  acid  solution  with  no  sub- 


FiQ.  328. — Extractor— a  Centrifugal  Machine. 

sequent  rinse  were  starched  and  ironed,  with  the  result  that  after  eight 
to  ten  times  all  of  them  had  broken. 

Very  frequently  all  of  the  alkali  is  not  neutralized,  and  when  this 
is  the  case  the  blue  does  not  set  evenly.  Besides,  the  alkali  causes  a 
conversion  of  starch  to  dextrins  and  glucose  when  heated  in  the  ironing 
machine.  These  substances  decompose  at  the  high  temperature  into 
yellow  products,  a  fact  which  often  explains  the  production  of  poor 
work  under  these  conditions.^  From  the  washer  the  articles  are  placed 
in  large  centrifugal  machines,  Fig.  326,  which  are  driven  at  a  speed  of 
1700  to  2000  revolutions  per  minute.  Thb  removes  most  of  the  water 
in  about  fifteen  to  twenty  minutes,  so  that  the  fabrics  are  in  a  suitable 
condition  to  be  starched  at  once. 

Staiching.  Starchu^  b  done  in  machines  which  rub  the  solution  into 
the  fabric.  The  starches  most  extensively  used  are  the  so  called  thin 
.    '  Skinner,  J.  Am.  Ckem.  Soe,,  27,  165   (1905). 
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boiling  wheat  and  com  etarchee.  They  have  been  partially  converted 
by  acids,  according  to  the  processes  given  in  Chapter  XXXVIII,  until  they 
form  a  relatively  thin  solution  upon  being  boiled  with  water.  The  solu- 
tion is  used  hot,  from  6&~70°  C,  since  at  this  temperature  a  solution  of 
the  strength  which  gives  the  right  weight  and  pliability  to  the  finished 
fabric  penetrates  most  readily  (approx.  100  grams  starch  per  liter). 

After  being  removed  from  the  starcher,  collars  and  cuffs  are  taken 
to  a  table  where  the  excess  of  starch  is  wiped  off,  first  by  nibbing  wilii 
the  hand  and  then  with  a  piece  of  cheesecloth.    Care  is  taken  to  get 


Fig.  327. — More  recent  dry  rooms  are  provided  with  an  endlese  traveling  belt,  to  which 
the  fabrics  are  Tastened.  The  speed  of  this  conveyor  la  regulated  eo  that  the 
articles  remain  in  the  dry  room  about  half  an  hour.  Upon  cmei^og  from  the  dry 
room,  each  piece  is  automatically  released,  and  falls  into  a  basket. 

the  starch  worked  into  the  fabric  so  that  the  plies  will  be  held  together 
after  ironing. 

Since  the  starcher  leaves  too  much  water  in  the  pieces  to  allow  of 
their  being  ironed  at  once,  it  is  necessary  to  dry  them.  This  drying 
is  done  in  specially  constructed  drying  rooms,  Fig.  327,  which  are  heated 
by  steam  pipes.  Ventilation  is  provided  by  a  system  of  fans,  for  the  air 
must  be  changed  frequently  in  order  to  remove  the  lai^  quantities  of 
water  quickly.  It  is  not  practicable  to  carry  the  drying  to  the  extent 
just  suitable  for  the  ironing,  so  the  moisture  is  removed  as  completely  as 
possible.  It  is  then  necessary  to  dampen  again  and  this  is  done  by  one 
of  several  methods. 

Dampening.  The  method  used  in  most  small  plants,  and  in  many 
larger  ones,  is  to  wrap  the  collars  in  damp  cloths.  Experience  teaches 
the  conditions  necessary  to  produce  the  proper  amount  of  dampening. 
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Mscbines  whioh  work  by  carrying  the  articlea  to  be  dampened  betwe^l 
moist  padded  roils  are  used  also. 

Inniiiig.  The  ironing  machmes  for  collars  and  cuffs,  Fig.  328,  consist  of 
large  gas  heated  metal  rolls,  which  are  padded  with  cloth,  between  which  the 
pieces  pass.  On  account  of  the 
difBculty  of  regulatmg  the  flow 
of  gas  and  air  to  the  burners, 
the  temperature  of  the  roUa 
varies  within  quite  wide  limits, 
and  this  has  s  tendency  to  make 
the  finish  of  the  work  irregular. 
The  gloss  on  the  finbbed  pieces 
is  controlled  by  the  friction 
applied  on  passing  the  rolls. 
Steam  heated  machines  have 
been  perfected  in  the  last  few 
years,  and  have  the  advantage 
Fig.  328.-Collar  and  Cuff  Ironer.  "^  «'V"»g  more   uniform  results, 

since  the  steam  pressure  in  the 
'  boiler  b  all  that  needs  to  be  regulated  in  order  to  give  a  certain  temp- 
erature to  the  rolls. 

Since  collars  and  cuffs  are  ironed  flat,  many  of  the  collars  must  be 
turned  and  shaped.  To  prevent  undue  strain  during  the  turning,  the 
seam  is  dampened  by  machmes,  various  types  of  which  are  available. 
The  shaping  is  also  done  by  machines,  in  which  the  moisture  introduced 
when  the  seam  is  dampened  is  removed,  and  in  some' cases  the  edge 
of  the  collar  is  ironed. 

Colored  Fabrics  and  Iheces  which  Require  no  Starch.  Colored 
articles  cannot  be  treated  with  as  strongly  alkaline  solutions  as  those 
mentioned  above,  and  the  bleacbmg  liquor  must  also  be  omitted.  It  is  a 
common  experience  that  colored  articles  which  are  sent  to  the  laimdry 
last  much  longer  than  white  ones. 

For  white  cotton  and  linen  articles  that  need  not  be  starched,  the 
usual  practice  is  to  take  them  directly  from  the  extractors  to  an  ironing 
machine,  called  a  mangle,  Fig.  329,  or  flat  work  ironer.  These  machines 
have  a  number  of  steam  heated  rolls,  between  *  which  the  pieces  pass. 
They  are  constructed  lai^  enough  to  iron  sheets  and  table  cloths  on  a 
suigle  passage  between  the  rolls. 

Wocd  and  Silk.  Woolen  and  silk  articles  must  not  be  treated  with 
alkalies  on  account  of  the  corrosive  action  these  exert.  The  chlorme 
bleach  is  also  dispensed  with,  since  hypochlorites  render  wool  and  silk 
harsh  and  weaken  the  fibers  very  markedly.  In  case  a  bleach  is  necessary, 
hydrogen  peroxide,  sodium  perborate,  or  sodium  hydrosulphite  may  be 
used.  All  of  these  substances  are  obtainable  now  at  a  price  which  permits 
their  use  for  bleachii^  wool  and  silk. 
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For  the  ironing  of  boBoms  and  cuffs  of  Bhirts  and  plain  shirt  waista, 
special  machines  are  used.  These  have  a  movable  cloth-padded  board, 
upon  which  the  shirt  is  fastened  and  caused  to  pass  under  a  heated  roll. 
Steam  heated  machines  which  operate  by  simply  pressing  the  articles 
between  heated  surfaces,  are  being  introduced  extensively,  and  possess 
the  advantages  mentioned  in  the  case  of  other  steam  heated  i^paratus. 
The  body  and  neck  bands  are  ironed  by  specially  constructed  machines, 
which  work  on  the  principle  of  the  others  already  described.  Much  of 
the  work  on  fancy  articles  must  be  done  by  hand,  and  the  use  of  elec- 
trically heated  irons  is  facilitating  this  operation  very  much. 

Cleanliness 
is  very  essential 
in  the  laundry. 
All  walls  must 
be  plain,  and  all 
overhead  ma- ' 
chinery  must 
be  arranged  so 
that  dirt  and 
oil  are  not  al- 
lowed to  fall  Fia.  329.— Mangle  or  Flat  Work  Ironer. 
on  the  clothes. 

Another  field  for  chemistry  in  the  laundry  is  presented  in  the  analysis 
of  supplies  furnished  by  dealers.  Adulterations,  such  as  excessive 
amounts  of  water  in  soaps  and  starches,  talc  and  water  glass  in  soaps, 
and  common  salt  and  carbonate  in  caustic  soda  may  be  detected,  and 
great  savings  thua  be  effected. 
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CHAPTER  XXXI 

ESSENTIAL  OILS,  SYNTHETIC  PERFUMES  AND  FLAVORING 
MATERIALS 

ALOIS  VON  ISAKOVICS' 

Manyfadurer  of  Organic  ChemieaU,  Synthetic  Perfume  and  Flavoring  MaUriaU,   . 
SynJUuT  Scientiju:  LaboraUniea,  MoniictUo,  N.  Y. 

Historical.     The   history   of   perfume  materials   dates   back   to   the 
dawD  of  civilization  on  the  banks  of  the  Indus,  the  Tigris  and  the  Nile. 
Sanskrit  writers  in  India  two  thousand  years  ago  frequently  mentioned  . 
perfumes. 

As  the  origin  of  the  word  perfume  shows  (Latin  per-  through,  fumare- 
smoke)  the  first  perfumes  were  used  in  the  form  of  incense,  forming  a  part 
of  reli^ous  worship,  from  the  earliest  to  the  present  time.  It  is  inter- 
esting to  note  that  some  of  the  oldest  perfume  materials  known  are  still 
bdng  used.  For  instance,  in  ancient  India  the  sacred  fires  in  the  temples 
were  perfumed  with  kusa  or  kus,  the  fragrant  root  of  cu8-cu3  or  vetiver,  a 
native  grass.  This  odor  is  a  constituent  of  many  of  the  present  popular 
perfumes,  as  in  the  type  of  azurea  bouquet  and  the  many  variations 
of  Oriental  bouquet  perfumes  so  successfully  marketed  under  many 
different  names.  Confucius,  the  Chinese  philosopher,  mentions  the 
use  of  perfumes  in  China  in  his  works,  written  about  480  b.c.  Incense 
is  the  most  popular  form  of  Chinese  perfume  to  the  present  time,  as  shown 
by  the  so-called  joss  sticks  or  incense  sticks,  which  are  imported  into  this 
country  in  large  quantities.  Tliat  perfumes  were  well  known  in  Babylon 
and  Nineveh  is  shown  by  perfume  flasks  which  were  excavated  by  Layard 
at  Nimrud  below  Nineveh,  curious  ornamented  containers  of  porcelain 
and  glass,  with  cuneiform  inscriptions.  In  Egypt  perfumes  were  lavishly 
used  in  the  form  of  incense,  as  fragrant  ointments  and  oils,  in  daily  life 
as  necessary  toilet  accessories,  as. part  of  the  religious  ceremonies  and  in 
the  preservation  of  dead  bodies,  which  was  therefore  called  embalming. 
In  early  Greek  and  Roman  writings,  as  well  as  in  the  Eible,  we  find  fre- 
quent references  to  perfumery  and  incense.  All  these  ancient  perfumery 
materials  consisted  of  crude  drugs,  flowers,  herbs,  aromatic  gums,  resins 
and  woods  of  the  Orient,  including  many  of  the  fragrant  flowers  which 
are  utilized  in  modem  perfumery.  The  earliest  method  of  extracting 
the  odorous  constituents  from  the  crude  material  consisted  of  macera- 
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ation  in  oil.  The  ancienta  knew  that  fats  have  the  power  to  take  up  and 
hold  the  perfume  of  substances  with  which  the  fat  is  brought  into  contact. 
This  old  process  ia  still  followed  in  southern  France,  where  flowers  are 
macerated  in  oil  to  produce  the  so-called  "  flower  pomades."  The  Greek 
writers' Appolonius  and  Theophrastus  mention  many  of  the  flowers  and 
materials  found  in  commercial  appUcation  up  to  the  present  time,  among 
them  iris  or  orris,  lily,  rose,  violet  and  labdanum,  an  Oriental  gum,  the 
active  principles  of  which  tiave  lately  come  bo  prominently  into  use  as  a 
fixative  in  the  manufacture  of  fine  modem  perfumes.  Inasmuch  as  all 
the  materials  first  used — that  is,  resins,  barks,  woods,  herbs,  fiowers, 
etc.,  contain  the  fragrant  principles  in  only  very  minute  proportions, 
great  bulk  had  to  be  used,  and  the  next  step  forward  was  the  discovery 
of  steam  distillation.  The  forerunner  of  this  method  was  the  crude 
attempt  of  the  ancients,  who  noted  that  the  steam  from  a  boiling  caldron 
had  the  odor  of  the  contents  and  who  placed  wool  over  a  vessel  in  which 
for  instance,  cedarwood  was  botlli^  in  water,  and  then  squeezed  the  wool 
in  order  to  obtain  the  condensed  volatile  oil. 

While  the  Egyptians  were  said  to  have  been  acquainted  with  the  prin- 
ciples of  distillation,  nothing  positive  is  known.  Avicenna,  a  famous 
Arabian  physican  and  writer  of  the  tenth  century,  is  said  to  have  per^ 
fected  the  process,  and  the  Arabian  word  alembic  (meaniug  ol-  the, 
embie-  still)  is  used  even  at  present.  It  is  likely  he  produced  the  first 
rose  water  and  rose  oil  by  steam  distillation,  a  commercial  process  by  which 
oil  of  rose  is  now  made  in  Bulgaria,  Persia  and  France. 

In  time  it  was  found  that  the  odor  of  most  substances  which  are  useful 
in  the  perfumery  industry  is  due  to  a  certain  class  of  bodies  designated 
under  the  terms  of  essential  or  volatile  oils.  Some  of  these  may  be 
obtained  from  the  raw  materials  by  steam  distillation,  that  is,  steam  is 
passed  through  a  mass  of  the  fiowers,  herbs,  seeds,  woods  or  barks, 
which  frequently  must  first  be  finely  subdivided  or  ground  and  on  cooling 
the  steam,  the  oil,  which  is  volatile  with  it,  separates  from  the  condensed 
water.  In  a  few  cases,  as  with  rose  and  orange  flowers,  the  condensed 
water  is  likewise  salable,  because  it  contains  the  more  soluble  portions  of 
the  flower  odor,  or  odoriferous  decomposition  products  of  some  of  its 
constituent  bodies  in  solution,  although  only  in  infinitesimal  quantities. 
Steam  distillation  is  commercially  used  in  producing  a  number  of  the 
essential  oils,  for  instance,  anise,  cassia,  clove,  geranium,  lavender,  linaloe, 
neroly,  orris,  peppermint,  rose,  sandalwood,  turpentine,  wintergreen,  and 
ylang  ylang.  From  the  small  alembic  used  in  former  times  to  a  modem 
still  which  has  a  capacity  of  many  thousands  of  gallons,  there  has  been  no 
change  in  the  principle. 

Crude  Distillation.  Many  of  the  essential  oils  are  distilled  by  unskilled 
natives  in  the  various  countries,  and  the  layer  of  water  is  usually  heated 
by  direct  fire  placed  under  the  still.  It  is  now  well  known  that  this  both 
decreases  the  yield  and  produces  an  oil  inferior  in  quality,  as  it  subjects 
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the  materisl  to  the  saponifying  or  hydrolyzing  influence  of  hot  water  and 
Bome  small  particles  of  the  subBtance  being  distilled  are  sure  to  adhere  to 
the  bottom  of  the  still,  where  they  ecorch,  and  contaminate  the  dis- 
tillate with  a  burnt  odor. 

Modem  Disdllatiw.  In  modern  factories  steam  is  generated  in  a  boiler 
and  passed  into  the  still  at  various  degrees  of  pressure.  Usually  the  still 
is  also  heated  either  by  meuis  of  a  steam  jacket  or  by  a  closed  steam 
pipe  placed  inside  the  still,  so  as  to  prevent  much  condensation  of  the  steam 
in  the  still.  The  degree  of  fineness  of  the  charging  material,  the  pressure, 
and  therefore  the  temperature  of  the  steam,  the  speed  of  its  flow  and  numer- 
ous other  working  points  must.be  adapted  in  each  case  to  the  apparatus 
in  use,  as  well  as  to  the  substance  that  is  being  distilled  and  the  product 
that  may  be  expected. 

Oil  Content  The  volatile  oil  content  in  plant  material  differs  enor- 
mously. For  instance,  cloves  contain  from  14  to  20  per  cent  of  oil.  As 
a  rule,  however,  most  of  the  plants  contain  less  than  5  per  cent  and  in  many 
cases  only  the  merest  traces  of  essential  oil.  It  may  be  mentioned  that 
it  requires  from  3500  to  4200  pounds  of  rose  flowers,  according  to  season, 
to  obtain  one  pound  of  pure  rose  oil  by  steam  distillation.  This,  however, 
is  not  a  true  indication  of  the  amount  of  perfume  oil  actually  present  in 
the  flowers.  Steam  disHUed  tnls  never  contain  all  of  the  perfume  conatUuenta 
pre3etU  in  the  plani.  Some  of  these  have  such  a  high  boiling-point,  tliat 
they  do  not  pass  over  with  st^am,  others  are  decomposed  into  other 
derivatives  and  others  pass  Into  the  water.  As  an  illustration  we  may 
consider  Oil  of  Rose.  The  distilled  oil  seldom  contains  more  than  1  per 
cent  of  phenylethyl  alcohol.  The  oil  obtained  by  extraction  contains 
from  50  to  60  per  cent  of  this  alcohol,  which  is  one  of  the  principal  odor- 
iferous constituents  of  the  rose  water  of  commerce. 

Steam  DisttUatioa.  Hence  oils  obtained  by  steam  distUlaiion  can- 
not be  expected  to  have  the  exact  odor  of  the  flmoer  or  maierial.  We  must 
remember  that  the  odor  and  taste  of  all  natural  products  are  due  in 
almost  every  case  to  a  combination  of  a  number  of  chemical  bodies  and 
it  is  only  when  these  chemical  individuals  are  assembled  in  the  right  pro- 
portion and  combination,  that  the  odor  of  the  flower  or  material  will  be 
duplicated.  Many  of  these  chemical  bodies  are  extremely  sensitive  to 
heat,  which  either  destroys  them  or  changes  the  odor  completely,  others 
are  esters  which  are  hydrolyzed  by  the  action  of  steam  and  heat  and  many 
plants  contain  bodies  which  upon  heatii^  act  to  a  greater  or  less  extent 
on  the  other  constituents.  Consequently,  steam  distillation  has  its 
limitations  and  other  processes  must  be  utilized  to  extract  the  active 
principles  desired. 

Scientific  research  has  also  proven  that  many  plants  contain  bodies 
of  very  high  boiling-point,  which  influence  the  odor  considerably  and  which 
are  at  best  only  incompletely  volatilized  by  steam  distillation  and  frequently 
remain  entirely  in  the  reddue.     Some  of  the  valuable  constituents  do  not 
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exist  in  the  plant  as  such,  but  are  combined  as  glucoddes.  As  instances 
we  may  mention  the  odor  of  cumarine,  so  apparent  in  mown  grass  and 
entirely  different  from  the  odor  of  the  field,  and  the  odor  and  flavor  of 
vanilla  beans,  which  is  developed  in  the  fruit  on  ripening,  but  to  a  far 
greater  extent  when  the  bean  is  skillfully  cured. 

Expressed  Oils.  That  squeezing  the  rind  of  some  fruits  left  a  fra- 
grant oil  on  the  hands  must  have  been  early  observed.  It  is  still  the 
method  which  gives  the  finest  oils  of  the  citrus  family  and  is  the  present 
commercial  method  of  obtdning  the  oils  of  lemon,  orange  and  bergamot. 
As  cheap  labor  is  avulable  in  Sicily,  where  these  oils  are  made  in  quan- 
tities, and  the  pulp  of  the  fruit  is  worked  up  for  citric  acid,  the  price 
r^nains  quite  low,  although  the  method  is  slow  and  tedious.  The  peel 
is  manipulated,  crushing  the  oil  cells  and  the  oil  is  absorbed  by  a  ^nge, 
whicli  is  then  squeezed  and  the  oil  filtered  for  the  market.  Machines 
have  at  times  been  tried  to  take  the  place  of  band  labor,  but  none  of  them 
have  been  found  commereially  satisfactory,  excepting  to  a  Umited  extent 
for  the  regularly  shaped  bergamot.  The  citrus  oils  will  illustrate  the 
damagin(f  influence  of  heat  and  steam  on  odors  in  general,  as  steam  dis- 
tilled oils  totally  differ  in  odor  from  the  fruit  and  have  but  little  commercial 
value. 

Macerating  Process.  We  have  already  mentioned  the  process  of 
maceratii^  flowers  m  warm  oil  or  fat,  a  method  by  which  the  modem 
flower  pomades  are  produced  in  southern  France.  After  the  oil  or  fat 
has  absorbed  the  odor  of  the  flowers,  it  is  strained  off  and  a  fresh  lot  of 
flowers  added.  This  process  is  repeated  a  number  of  times,  according 
to  the  strength  of  pomade  desired. 

Enfleurage  Process.  It  was  found,  however,  that  even  the  slight  heat 
necessary  In  the  macerating  process  is  sufficient  to  destroy  some  of  the 
more  sensitive  constituents  of  some  flower  odors,  and  the  cold  enfleurage 
process  resulted.  Here  a  layer  of  fat  is  placed  on  a  plate  of  glass,  fresh 
flowers  are  sprinkled  on  it  and  after  the  fat  has  absorbed  the  odor,  they 
are  replaced  by  more  flowers  and  this  process  is  repeated  until  the  fat  is 
satiunted.  This  process  is  especially  adapted  to  flowers  like  the  jasmine 
blossom,  which  is  known  to  produce  perfume  for  some  time  after  it  has 
been  picked  and  a  much  better  yield  results  than  when  the  flower  is 
immersed  in  hot  fat,  which  immediately  stops  the  production  of  more 
flower  oil  by  the  blossom. 

Flower  Pfnnades.  This  flower  pomade,  obtained  either  by  mac- 
eration or  by  the  enfleurage  process  is  then  washed  with  alcohol,  which 
extracts  from  the  pomade  the  odorous  substances,  which  this  has  absorbed 
from  the  flowers.  Here  again  the  same  objection  of  large  bulk  presents 
itself,  as  the  fat  absorbs  only  a  very  smalt  proportion  of  the  fragrant 
const! talents.  Then  there  is  another  more  serious  objection  to  the  flower 
pomades  that  are  obtained  by  maceration  or  enfleurage,  namely,  that  the 
fats  employed  (usually  lard  or  tallow)  will  turn  rancid  in  time,  and,  further- 
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more,  even  the  best  quality  of  neutral  fats  contain  a  small  proportion  of 
alcohol  soluble  constituents  (traces  of  alcohols,  ethers,  aldehydes,  ketones 
and  esters  beloi^ng  to  the  fatty  series)  which  impart  a  greasy  odor  to 
the  spirit  used  for  washing  the  pomade.  This  greasy  by-^dor  (and, 
where  pomades  have  been  kept  for  a  long  time,  the  decidedly  rancid 
by-odor)  seriously  interferes  with  the  flower  odor  proper. 

Volatile  Solvents.  These  objections  have  led  to  the  more  modem 
process  of  treatment  by  volatile  solvents.  Petroleum  ether,  carbon 
tetrachloride,  chloroform  and  other  volatile  bodies  have  been  used  for  this 
purpose.  These  solvents  in  passing  through  a  layer  of  flowers  or  materials, 
dissolve  the  odorous  constituents,  together  with  the  plant  resins,  color- 
ii^  matter,  waxes  and  other  substances  present,  which  are  soluble  in 
the  solvent  utilized.  By  then  distilling  off  the  solvent  at  a  low  temperature 
usually  in  a  partial  vacuum,  the  odorous  bodies,  with  the  impurities 
mentioned,  remain  in  the  residue.  As  the  yield  from  different  flowers 
varies  greatly,  various  quantities  of  wax,  paraffine  or  some  liquid  odorless 
ester  are  usually  added  to  reduce  the  cost  and  in  order  to  market  the 
different  odors  at  the  same  price. 

Flower  Concretes  and  "  Abstdutes."  By  this  method'  the  so-called 
"  flower  concretes "  are  made  in  southern  France.  This  process  has 
recently  been  improved  again  by  eliminating  from  this  concrete  the  alcohol 
insoluble  portion.  The  concrete  is  treated  with  alcohol,  thus  extract- 
ing only  the  alcohol  soluble  constituents  and  the  alcohol  distilled  off, 
which  gives  a  final  product,  marketed  under  various  trade  names,  but 
usually  called  "  absolute  flower  concrete  "  or  "  absolute  flower  essence." 
In  another  process,  the  waxes  naturally  present  are  precipitated,  separated, 
and  the  solvent  tlien  evaporated  in  the  usual  manner.  Other  of  these 
essences  are  obtained  by  washing  the  pomades  and  distilling  off  the 
alcohol.  These,  of  course,  are  subject  to  the  same  objections  as  the 
pomade,  as  the  fatty  by-odors,  eliminated  by  the  volatile  solvent  pro- 
cess, are  present  in  same.  All  these  so-called  "absolutes,"  however,  are 
far  from  absolute  in  practice,  because  they  still  contain  quite  a  targe  pro- 
portion of  various  odorless  constituents  and  coloring  matter  present 
in  the  plant.  Furthermore  it  is  quite  a  common  and  well-known  com- 
mercial practice  to  add  to  these  so-called  "  absolutes  "  odorless  esters 
or  chemical  bodies,  with  the  two-fold  object  of  making  the  products  more 
soluble  and  principally  of  reducing  their  cost,  thus  compensating  in  a 
measure  for  the  fluctuating  yield  due  to  season  and  the  ever-changing 
cost  of  production,  often  due  to  speculative  influences. 

Adulterations.  Owing  to  the  high  value  of  many  essential  oils  and 
perfumery  products,  they  are  frequently  adulterated.  In  former  years 
this  was  very  crudely  done  by  adding  paraffin,  fatty  oils  in  varying 
proportions,  alcohol,  and  other  crude  diluents.  As  science  progressed, 
however,  and  made  many  methods  available  for  testing  the  purity  of  these 
products,  these  clumsy  adulterations  have  gradually  disappeared  from 
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the  market.  But  their  place  has  been  taken  by  much  more  dangerous 
adulterants,  which  frequently  can  be  found  only  by  careful  an^yms. 
Consequently  the  old  methods  used  for  the  detection  of  added  alcohol 
by  washing  with  water  and  noting  shrinkage  in  volume,  or  by  testing 
with  certain  aniline  dyes  which  are  insoluble  in  essential  oils  but  dissolve 
if  even  traces  of  alcohol  are  present,  and  other  crude  testing  methods, 
are  of  but  little  value  nowadays.  Neither  is  the  old  empirical  method, 
to  ascertain  whether  the  oil  leaves  a  grease  spot  on  paper  on  evapora- 
tion, of  value — some  oils  like  bergamot,  rose,  etc.,  contain  waxUke  fatty 
bodies,  which  will  produce  a  greasy  stain.  Then  again  methods  of 
distillation  are  being  constantly  improved  and  constituent  bodies  of  high 
boiling-point,  fonnerly  lost,  are  now  often  present  in  the  modem  product. 
Only  the  ignorant  native  and  the  veriest  novice  employ  the  old  adulter- 
ants we  find  so  frequently  mentioned.  Many  of  the  oils  are  now  so 
skilfully  adulterated  that  it  requires  great  care,  and  all  the  physical  and 
chemical  constants  of  a  sample  must  be  considered  together,  to  deter- 
mine its  purity- 

Solubility.  Most  of  the  essential  oils  are  soluble  in  alcohol,  and  by 
noting  the  volume  of  alcohol  necessary  to  effect  complete  solution  com- 
parative data  may  be  obtained,  which  can  be  made  more  exact  by  employ- 
ing alcohol  of  different  strengths. 

Specific  Gravity.  This  usually  ranges  from  0.850  to  I.IOO.  Oils 
rich  in  terpenes  (which  have  an  approximate 'S.g.  of  O.SOO)  mostly  approx- 
imate 0.850  to  0.900.  Since  the  advent  of  terpeneless  oils  the  terpenes 
removed  from  tbeae  have  become  dangerous  adulterants.  Their  addi- 
tion in  appreciable  quantity,  which  lowers  the  gravity,  is  often  concealed 
by  addii^  some  ester  of  high  gravity  like  benzyl  benzoate  (S.g.  1.12). 
S.g.  can  be  most  conveniently  and  quickly  ascertained  by  means  of 
the  Westphal  S.g.  balance,  if  the  size  of  the  sample  makes  this  possible. 

Boiling-point.  This  la  of  but  secondary  value  as  aU  essential  oils 
are  mixtures  of  many  different  chemical  bodies,  which  differ  widely  in  boil- 
ing-point. 

Fractional  Disttllatkm.  If  the  size  of  the  sample  makes  this  posable, 
this  is  often  one  of  the  best  methods,  as  various  adulterants  can  be  detected 
to  much  better  advantage  in  the  different  fractions.  To  prevent  de- 
composition the  product  should  be  fractionated  in  as  low  a  vacuum  as 
possible.  1  or  2  mm.  can  be  easily  obtained,  when  distilling  from  a  liter 
flask  by  using  modem  laboratory  equipment. 

Optical  Rotation.  The  polariscope  will  give  useful  figures  with  many 
essential  oils.  It  must  be  remembered,  however,  that  some  variations 
are  unavoidable,  as  the  same  plant  owing  to  climatic  or  soil  conditions 
vill  in  different  countries  yield  an  oil  differing  somewhat  in  rotation. 

Solidificatltm  Point.  The  temperature  at  which  some  (uls  congeal 
proves  an  important  indication  of  their  purity.  For  instance,  oH  of  anise 
is  tested  by  this  method. 
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Aldel^es.  Some  oils  coDtain  a  large  proporUoQ  of  aldebydea; 
cassia  oil — cinnamic  aldehyde;  oil  of  bitter  almonds — benzoic  aldehyde 
or  heDzaldehyde,  etc.;  10  to  15  cc.  of  the  oil  are  shaken  with  warm  sodium 
bisulphite  solution.  The  aldehyde  goes  into  solution,  and  by  measur- 
ing the  oil  not  abaorbed  the  percentage  can  be  quickly  calculated.  By 
using  a  Sask  with  graduated  neck  and  adding  sufficient  solution  to  briag 
the  oil  into  the  neck,  the  percentage  can  be  instantly  read.  In  some 
cases  it  becomes  necessary  to  further  prove  the  identity  of  the  aldehyde. 
Samples  of  phenylacetic  aldehyde,  submitted  frequently  for  examina- 
tion by  the  writer,  were  found  to  contain  a  large  proportion  of  benzalde- 
hyde,  which  has  a  totally  different  odor  and  is  worth  only  a  small  fraction 
of  the  cost. 

^eaols.  These  are  estimated  by  a  similar  method  as  the  aldehydes, 
using  a  3  to  5  per  cent  solution  of  sodium  or  potassium  hydrate  in  water. 
Oil  of  cloves  is  thus  tested  for  percentage  of  eugenol. 

Add  Number.  This  is  ascertained  by  titration  and  represents  the 
number  of  milligrams  of  potassium  hydrate  necessary  to  saturate  the  free 
acid  in  1  gram  of  oil.  While  the  percent^e  found  is  usually  small, 
representit^  chiefly  traces  of  formic  and  acetic  acids  present  in  many  oils, 
it  should  be  ascertained  in  order  to  deduct  the  amount  in  the  following 
test. 

Ester  Test.  This  is  one  of  the  most  important  tests  in  connection 
with  essential  oils,  as  so  many  of  these  owe  their  value  to  the  percentage 
of  certain  esters  present.  About  2  grams  of  the  oil  are  dissolved  in 
alcohol  and  coc^ted  in  a  flask  with  reBux  condenser  with  about  20  cc.  of 
semi-normal  potassium  hydrate  solution  for  one  hour.  The  number 
of  milligrams  of  potassium  hydrate  required  to  neutralize  the  acid  present 
in  the  form  of  esters  in  one  gram  of  oil  as  ascertained  by  titration,  is  called 
the  ester  number.  From  this  the  proportion  of  ester  present  can  be 
easily  figured.  In  the  case  of  monobasic  acids  it  is  merely  necessary  to 
multiply  the  ester  number  by  the  molecular  weight  of  the  ester  and  divide 
by  560.  For  instance  in  a  sample  of  bergamot  oil  the  ester  number  found 
is  100.  Multiplying  this  by  the  molecular  weight  of  linalyl  acetate 
(Ci2H2o02)  =  196,  and  dividit^  by  560  we  get  35  per  cent  of  ester. 

Alcohol  Perceatage.  This  is  usually  obtained  after  the  free  acid 
and  ester  number  have  been  ascertained.  About  10  grams  of  the  oil  are 
boiled  for  one  hour  with  10  to  12  grams  of  acetic  anhydride  and  2  grams 
anhydrous  sodium  or  potassium  acetate,  using  a  reflux  cooler.  The  oil 
is  then  neutralized,  washed,  dried,  and  the  ester  n  imber  is  found  again 
by  saponification  as  in  the  previous  paragraph.  By  deducting  the  acid 
and  ester  number,  we  get  a  figure  which  corresponds  with  the  percentage 
of  free  alcohol  which  was  present  in  the  oil.  The  percentage  may  be 
ea^ly  calculated  from  the  amount  of  acetyl  ester  formed  in  this  process. 
This  gives  accurate  results  with  primary  alcohols  like  t>enzyl,  phenylethyl, 
cinnamyl,  geraniol,  etc.,  but  only  approximate  data  can  be  had  with 
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litudool  and  terpineol  aa  these  form  esters  only  with  difficulty  and  never 
quantitatively. 

With  these  methods  most  of  the  important  constituents  of  oils  may 
be  detennined.  When  a  number  of  allied  esters,  alcohols  or  aldehydes 
are  present  their  identification  becomes  very  complicated  and  then 
requires  special  processes,  often  very  tedious  and  intricate  in  character, 
which  task  the  skill  of  even  an  expert  analyst. 

Modem  Sophistication.  Many  items  have  been  added  to  oils  in  recent 
years,  specially  selected  so  that  the  values  shown  on  an^ysis  would  be 
fictitious.  A  whole  series  of  esters  has  been  artificially  produced  for  no 
other  purpose  than  to  serve  as  adulterants.  The  odorless  ethyl  oleate 
and  the  glyceryl  esters  of  acetic  acid  are  freely  and  openly  ofifered  by 
certfun  European  chemical  houses  as  "  very  uaefid  produeta,  whidt  are  very 
widely  tteed."  They  can  serve  no  useful  purpose,  but  to  give  bergamot, 
lavender,  and  other  oils  a  fictitious  ester  value.  Many  of  the  modem 
sophistications  are  exceedingly  difficult  to  detect.  For  instance,  while 
it  has  been  well  known  for  many  years  that  the  peasants  in  Bulgaria 
frequently  sprinkle  the  rose  petals  before  distillation  with  either  geranium 
oil  or  geraniol,  more  dangerous  adulterants  have  found  their  way  into  rose 
oil,  for  instance,  mixtures  of  the  alcohols  geraniol  and  citronellol,  normally 
present  in  the  rose  flower,  made  so  skillfully  that  their  detection  in  the 
finished  product  becomes  almost  an  impossibility.  Consequently,  many 
of  these  oils  are  valued  solely  by  their  odor,  when  chemical  tests  fail. 

Constitutioa  oi  Perfume  and  Flavoring  Materials.  The  complex 
nature  of  these  has  only  been  properly  studied  in  recent  years. 

As  organic  chemistry  progressed  and  methods  were  found  to  identify 
and  isolate  from  the  natural  materials  various  constituents  present 
in  them,  it  toaa  found  that  almost  vnthont  exception  every  odorous  material 
in  nature  is  a  compound.  Quite  frequently  materials  contain  chemical 
substancea  or  individual  chemical  bodies  beloi^ng  to  entirely  different 
series  and  in  no  way  related  to  each  other.  Some  of  these  substances 
are  extremely  senmtive  to  heat  and  chemical  reagents,  and  therefore  their 
isolation  and  identification  present  the  greatest  difficulties,  but  it  U 
just  this  combination  of  different  chemical  individuals  to  which  the  fine 
odor  of  almost  all  flowers,  plants,  and  other  materials  is  due.  As  a  rule 
all  of  the  definite  chemical  constituents,  when  used  alone,  ^ve  harsh 
odors.  The  delightful  flowery  aroma  is  only  developed  when  they  are 
present  in  proper  combination,  as  they  exist  in  nature,  or  as  the  skill 
of  the  chemist  may  combine  them.  This  has  led  to  commercial  synthesis 
of  the  finer  flower  products. 

Synthe^. .  The  collaboration  of  thousands  of  chemists  throu^out 
the  world,  for  some  years  past,  has  made  a  new  industry  possible, 
the  industry  of  synthetic  perfume  and  flavorit^  materials,  which  has 
come  to  the  assistance  of  the  manufacturer,  by  producing  the  same  sub- 
stances at  a  savii^  in  cost,  and  by  overcoming  the  frequent  price  fluctua- 
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tions  of  the  natural  materials,  war  conditions  excepted.  Many  of  the 
substances  which  naturally  exist  in  the  plants  or  materials  may  be 
manufactured  chemically  from  other  sources.  Let  us  select  one  example, 
the  jasmine  flower,  which  is  so  invaluable  to  the  perfumer.  If  we  submit 
the  8&-called  "  absolute  jasmine  flower  essence  or  concrete  "  to  a  further 
process  of  purification,  to  eliminate  the  inodorous  constituents  present 
in  it,  we  finally  obtain  a  jasmine  essence,  which  contains  from  60  to  65 
per  cent  of  benzyl  acetate.  The  absolute  product  contuning  this  per- 
centage, as-made  from  the  blossom,  represents  an  actual  expense  of  about 
$180  to  $2[i0  per  pound,  according  to  season.  But  we  can  obtain  benzyl 
acetate  chemically  from  an  entirely  different  source  at  much  less  expense. 
If  we  take  toluene  (methyl  benzene),  one  of  the  constituents  of  coal  tar, 
and  treat  it  with  chlorine,  we  obtain  benzyl  chloride.  If  we  now  exchange 
the  chlorine  for  the  acetyl  group,  we  get  benzyl  acetate,  which  when 
highly  purified,  ia  identical  with  the  product  as  it  exists  in  the  flower, 
and  is  marketed  absolutely  pure  at  about  o~e  hundredth  the  cost.  This  not 
only  represents  an  enormous  saving  in  the  industry,  but  makes  it  pos- 
nble  to  use  raw  materials  frequently  for  various  purposes,  where  the 
natural  product  was  not  heretofore  available,  owing  to  its  high  cost.  But 
while  this  synthetic  benzyl  acetate  is  absolutely  the  same  definite  chem- 
ical body  as  found  in  the  flower  oil,  it  is  not  jasmine.  What  we  know 
as  jasmine  is  nature's  combination  of  many  different  constituents  and  we 
do  not  get  what  we  call  a  jasmine  odor  until  we  produce  each  of  these 
constituents  and  assemble  them  in  the  right  proportion.  By  suitably 
changing  th6  proportion  of  these  constituents  we  can  obtain  new  odor 
effects,  different  shadings  of  the  same  flower  odor.  Flower  oils  are  usually 
exceedingly  complex.  Often  more  than  one  hundred  different  chemical 
bodies  must  be  produced  and  assembled  to  duplicate  an  odor  known 
as  "  a  simple  flower  odor  "  because  each  of  these  bodies  is  present  in  the 
plant  and  we  cannot  get  the  same  odor  effects  unless  we  unite  the 
same  constituent  bodies. 

New  Peifume  Materials.  A  great  many  chemical  substances  have  been 
found  which  have  most  delightful  odors  and  flavors  and  which,  to  our 
best  knowledge  at  the  present  time,  do  not  exist  in  nature  as  such — at  least, 
they  have  not  been  isolated  from  the  natural  materials.  Many  such 
substances  are  now  commercially  manufactured  and  have  enriched' the 
industry  with  a  variety  of  new  raw  materials,  which  enables  the  manufac- 
turer to  produce  entirely  new  effects.  Many  years  ago,  when  the  industry 
was  in  its  infancy  and  purification  processes  had  not  developed  to  the 
present  state  of  perfection,  the  synthetic  materials  were  merely  used  for 
the  purpose  of  diluting  and  cheapening  the  more  expensive  natural  prod- 
ucts, but  this  has  wholly  changed  during  the  last  few  years.  The 
synthetic  materials  of  to-day  are  successfully  utilized  in  goods  of  the 
highest  grade,  and  many  odor  and  flavor  effects  would  be  impossible 
without  them. 
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Purification  Processes.  At  the  outset,  we  muat  emphasize,  however, 
that  quality  is  the  foremost  consideration  in  every  perfume  or  flavoring 
material.  Traces  of  by-products  sometimes  present,  not  laxge  enough  to 
be  found  by  chemical  tests,  will  often  seriously  interfere  with  the  odor 
and  flavoring  value.  Modem  science  has  made  many  methods  available 
by  which  products  may  be  purified  by  either  chemical  or  physical  methods, 
BO  that  we  can  obtain  these  bodies  in  a  state  of  absolute  purity.  Among 
the  chemical  methods,  we  refer  to  the  extraction  of  aldehydes  or  ketones 
by  means  of  bisulphite,  semicarbazide,  phenylhydrazine  and  other  reagents 
and  the  extraction  of  alcoholic  bodies  by  means  of  the  acid  phthalic  esters. 
As  ooe  of  the  most  valuable  methods  of  separation  we  mention  the  process 
of  vacuum  distillation,  which  has  been  greatly  simplified  and  perfected 
during  the  last  few  years.  Many  of  the  most  sensitive  constituents  of 
plant  odors  may  be  distilled  unchanged  at  a  very  low  vacuum.  Scientific 
advances  in  engineering  practice  have  so  perfected  vacuum  pumps  that 
substances  can  be  distilled  commercially  by  reducing  the  ordinary 
air  pressure  to  an  absolute  pressure  of  from  1  to  4  mm.,  at  which  point 
a  great  many  substances  are  distilled  commercially  without  change 
which  would  be  decomposed  if  distilled  at  ordinary  pressure.  Further- 
more vacuum  distillation  lowers  the  boiling  point  enormously,  in  many 
cases  more  than  100°  C,  thereby  reducing  heat  changes  to  a  minimum, 
and  by  carefully  repeating  the  vacuum  distillation  several  times,  eliminat- 
ing in  each  case  the  fractions  containing  the  impurities,  bodies  may  be 
'produced  in  a  state  of  almost  absolute  purity. 

Chemical  Treatment.  White  steam  distillation  will  continue  as  one 
of  the  popular  processes  of  obtaining  from  some  of  the  plants  or  crude 
materials  the  active  principle,  the  steam-distilled  oil  can  very  often  be 
greatly  improved  by  chemical  treatment,  combined  with  a  proper  vacuum 
distillation  process.  The  natural  oils  contain  many  substances  which 
are  detrimental  to  the  odor,  and  can  readily  be  eliminated,  in  that  way 
producing  an  article  which  has  a  higher  perfume  value  and  a  much  finer 
odor.  As  a  practical  illustration,  let  us  for  instance  take  Mexican  liualce 
oil,  which  has  a  rather  harsh  and  crude  odor,  owing  to  the  impurities 
present  in  it.  By  chemical  treatment  and  repeated  vacuiun  distillations 
we  can  readily  obtain  from  this  oil  the  valuable  terpene  alcohol  linalool, 
of  which  we  will  speak  further  on,  a  product  that  has  a  very  fine  flowery  ' 
odor  and  can  be  safely  used  in  even  the  highest  grade  products,  where 
the  normal  essential  oil  would  be  entirely  out  of  the  question. 

Chemical  Constitution.  Among  the  many  chemical  bodies  which 
contribute  their  share  to  the  odor  or  flavor  of  materials  valued  in  the 
industry,  we  find  representatives  of  both  the  aliphatic  or  fatty  series  and 
the  aromatic  or  benzene  series.  The  great  majority  consists  of  merely 
three  elements,  carbon,  hydrogen  and  oxygen.  A  smaller  number  of 
compounds,  some  of  which  are  important,  contain  nitrogen — for  instance, 
different  varieties  of  artificial  musk  and  amido  bodies,  derivatives  of 
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the  betuoic  acid  series,  like  methyl  anthranilate,  one  ctf  the  most  valuable 
constituents  of  orange  flower  and  many  other  flower  oils,  and  the  methyl 
ester  of  methyl  anthr&nitic  acid  or  dimethyl  anthranilate,  which  while 
present  usually  only  in  traces,  contribute  greatly  to  the  flowery  sweetnesa 
of  many  of  nature's  most  valued  blossoms. 

Chemical  Methods  of  Production.  The  reader  will  doubtless  be  inter- 
ested in  the  chemical  methods  used  in  producing  on  a  commercial  sc^e, 
by  synthesis,  the  bodies  which  occur  in  nature.  This  however  involves 
so  many  chemical  processes  that  the  subject  can  only  be  briefly  treated, 
masmuch  as  all  the  methods  of  modem  organic  chemistry  are  utiliEed. 
It  may  be  said  for  the  information  of  the  student  that  many  of  the  reac- 
tions commercially  utilized  are  exceedingly  complex,  because  the  sub- 
stances in  most  instances  have  to  be  built  up  gradually  and  the  interme- 
diary products  purified,  so  that  it  often  requires  weeks  and  months  of  work 
to  perfect  one  of  the  chemical  bodies  to  which  a  particular  flower  owes 
part  of  its  odor.  In  considering  the  best  known  constituents  which  find 
commercial  application,  we  shall  in  a  few  instances,  by  way  of  illus- 
tration, mention  the  process  used  in  their  manufacture. 

Stabili^.  After  producing  and  purifying  the  various  constituents 
comes  the  equally  important  problem  of  assembling  them  in  the  right 
proportion,  so  that  they  will  not  only  impart  the  exact  odot  of  the  blossom, 
but  will  prove  commercially  stable.  ,  Many  of  these  bodies  cannot  be 
preserved  as  individuals — they  either  oxidize  or  resinify  on  exposure  to  Mr 
or  light  or  are  condensed  into  high  polymers,  which  are  odorless,  therefore  of 
no  value  and  often  insoluble  in  the  common  solvents.  As  an  instance,  let 
us  consider  styrol  or  styrene,  which  in  traces,  helps  to  give  life  to  many 
flower  oils,  yet  which  is  of  no  value  alone,  as  it  changes  very  quickly  into 
meta-styrene,  a  glassy,  hom-like  inodorous  body,  insoluble  in  alcohol, 
oils,  and  all  ordinary  solvents.  Styrol  is  interesting,  as  it  is  one  of  the  few 
hydrocarbons  of  value  to  the  industry,  having  the  chemical  formula 
CeHaCHrCHa.  Berthelot  isolated  this  product  from  coal  tar  in  1864, 
Von  Miller  from  storax,  but  it  remained  merely  a  chemical  cmioaity, 
and  bad  not  found  commercial  appUcation  until  recently,  as  it  was  dis- 
covered that  it  would  change  readily  on  standii^,  even  when  kept  in  the 
dark  and  in  sealed  tubes,  consequently  it  must  be  added  to  flower  oils 
while  perfectly  fresh  as  soon  as  produced  in  order  to  preserve  its  odor 
value.  E3ven  when  kept  over  night  it  will  often  polymerize  almost  com- 
pletely. Hence  Styrol  b  a  good  example  of  a  large  class  of  substances, 
which  when  added  to  perfume  oils  in  very  small  proportion  produce  a 
natural  freshness,  yet  which  cannot  be  marketed  by  themselves,  owing  to 
their  instability,  in  the  undiluted  form. 

Commerdal  Syntiiesis.  The  student  of  industrial  chemistry  must 
always  keep  before  him  the  question — "  Is  a  process  feasible — can  it  be 
commercially  applied?  "  Owing  to  statements  that  have  found  tbdr 
way  into  print  during  the  last  decade,   many  chemists  have  an  idea 
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that  by  duplicating  a  few  of  the  major  constituents  of  an  odor, 
they  can  produce  the  same  effect;  but  this  is  false.  How  often 
has  the  writer  been  approached  by  a  student,  and  sometimes  by 
chemists  that  have  followed  oi^anic  chemistry  for  many  years,  who 
have  expressed  their  disappointment  that,  for  instance,  terpineol  would 
not  produce  a  lilac  perfume,  or  that  benzyl  acetate  would  not  produce  a 
jasmine!  Here  we  must  remember  the  complex  constitution  of  materials 
produced  in  nature's  laboratory.  Take  for  instance  benzyl  acetate,  the 
item  last  mentioned — it  is  well  known  that  in  plants,  where  esters  of  the 
acetic  acid  series  exist,  esters  of  allied  acids  will  also  be  present,  though 
in  smaller  proportion,  and,  as  a  rule,  we  find  a  mixture  of  the  formates, 
the  acetates,  the  propionates  and  sometimes  traces  of  even  the  higher 
acid  esters  in  combination  with  the  particular  alcohol.  Then  the  alcohol 
itself,  as  a  rule,  does  not  exist  alone.  As  an  illustration,  we  mention 
bei^amot,  which  popularly  has  been  supposed  to  contEun  only  linalyl 
acetate  as  the  active  constituent,  until  recently,  when  it  was  conclusively 
proven  that  not  only  the  esters  of  linalool,  but  of  several  of  the  allied  ter- 
pene  alcohols,  are  present  in  varying  proportion,  and  unless  the  chemist 
who  desires  to  apply  synthesis  commercially,  produces  alt  these  different 
compounds  and  combines  them  in  approximately  the  proportions  in  which 
nature  combines  them  in  the  plant,  he  cannot  hope  to  compete  with  the 
products  made  from  the  blossom,  flower  or  fruit. 

Effect  of  Minute  Traces  of  Compounds.  Scientific  investigation  has 
shown  that  the  finest  and  most  valuable  odors  in  nature  are  exceedingly 
complex.  We  may  find  that  four  or  six  or  ten  constituents  are  present 
in  appreciable  proportion,  and  yet  if  we  combine  these  the  product  does 
not  satisfy.  The  reason  is  easily  perceived — we  have  ignored  the  traces  of 
substances  present,  which  sometimes  are  infinitesimal,  but  which  have 
such  a  powerful  odor  that  their  addition  immediately  changes  a  harsh- 
smelling  compound  into  s  moat  delicate  and  flowery  product  that  can  be 
utilized  in  goods  of  the  highest  grade.  The  higher  fatty  aldehydes  and 
alcohols,  the  use  of  which  is  but  httle  understood  by  the  average  manu- 
facturer of  to-day,  will  serve  aa  an  example.  Sometimes  two  or  three 
drops  of  one  of  these  substances  to  the  gallon  is  sufficient  to  create  that  life- 
like touch,  or  to  bring  out  the  charm  of  the  blossom  odor  to  perfection. 
Some  of  the  most  charming  plant  and  flower  odors  have  not  as  yet  been 
duplicated  synthetically,  but  chemists  all  over  the  world  are  working  on 
these  problems  In  the  course  of  time,  all  of  the  odoi?  will  be  available, 
but  it  must  be  remembered  by  the  student  that  he  should  not  be  discour- 
aged if  he  does  not  get  results  immediately.  It  often  requires  years  of 
painstakii^  study,  in  order  to  ascertain  the  proportions  of  individual 
constituents  that  will  prove  of  the  greatest  value  and  in  many  cases  from 
eighty  to  one  himdrcd  and  even  more  of  these  constituents  are  present  in 
a  angle  Qawet  product,  although  some  of  them  may  be  present  in  traces 
■  only. 
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Odor  Groups.  A  great  deal  has  been  written  about  certain  odor 
groups,  BO  called,  which  are  supposed  to  give  definite  value  when  present 
in  a  chemical  compound.  Among  these  have  been  mentioned  the  phenol 
group  OH,  the  ketone  group  CO,  the  aldehyde  group  CHO,  the  primary 
alcohol  group  CH3OH  or.  the  alkyl  radicles  as  for  instance  the  methyl 
group  CH3,  the  ethyl  group  CsHg  and  others  higher  in  the  series.  This  is 
however  mere  speculation,  notwithstandii^  statements  made  to  the 
contrary.  We  should  confess  that  we  know  very  little  as  yet  as  to  why 
and  under  what  condilJons  these  groups  produce  such  decided  changes 
in  the  odor  or  flavor  of  a  substance,  because  we  have  many  representative 
examples,  where  individual  chemical  bodies  contain  either  one  or  several 
of  these  groups  and  yet  have  practically  no  odor  or  flavor.  Consequmtly, 
we  must  disagree  with  the  published  statements  that  there  is  such  a  thing 
as  advance  estimation  of  a  product  by  knowing  its  chemical  formula. 
We  do  know  that  sometimes  the  slightest  change  in  a  formula  converts 
a  highly  odoriferous  substance  into  one  that  is  odorless,  and  vice  versa, 
but  we  do  not  know  enough  about  the  subject  to  formulate  any  theories. 
In  this  connection  it  will  be  interesting  to  note  that  with  products  belong- 
ing to  the  benzene  series,  the  grouping  of  the  different  radicles  on  the  ring, 
often  produces  important  differences  in  the  physical  constants  of  the  chem- 
ical body.  For  instance,  let  us  mention  as  a  typical  example,  ortbo-oxy- 
benzaldehyde. 

COH 

HC/NC.CHO 

Hcl^CH 
CH 

OrtliD-aiy.bcDuldahyda  (CrBiOi) 
(^oylic  AldfAyd*) 

Here  we  have  the  phenol  group  OH  and  the  aldehyde  group  CHO 
adjacent  to  each  other  on  the  benzene  ring.  It  is  an  oil  which  has  a  very 
powerful  odor,  is  found  in  traces  in  many  plants,  and  serves  as  a  raw  mate- 
rial for  buildii^  up  by  synthesis  other  compounds  which  are  valuable. 

Let  us  compare  this  with  the  isomeric  para-oxy-bensaldehyde,  which 
has  exactly  the  same  fonnula,  only  here  the  phoiol  group  is  in  the  para 

COH 
HC/^CH 


position, — that  is,  opposite  to  the  aldehyde  group  on  the  beniene  ring. 
This  is  a  practically  odorless  white  solid,  having  a  melting-point  of 
116"  C.    This  shows  that  the  theory  of  odoriferous  groups  works  very 
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well  on  paper,  but  does  not  apply  in  practice,  because  here  we  have  a 
aubstance  that  contains  two  of  these  so-called  odoriferous  groupB, 
yet  thifl  substance  has  practically  no  odor,  although  it  can  serve  as 
a  basis  for  building  up  other  products  by  synthesis,  as  explained 
further  on. 

Fixatives.  Some  of  these  products  which  have  but  little  odor  are  of 
value  to  the  industry,  because  they  are  substances  the  perfumer  calls 
"fix<aive8,"  In  the  plant,  the  perfume  is  produced  continuously  in 
mere  traces  and  is  given  off  in  infinitesimal  quantities  to  the  surrounding 
atmosphere.  When  we,  however,  isolate  these  bodies  to  which  the  odor 
is  due,  and  have  them  in  concentrated  form,  their  odor  as  given  off  is  too 
intense  and  when  we  take  a  small  amount  of  this  conceotrated  material 
and  allow  it  to  evaporate,  the  odor  will  not  last  as  long,  because  it  will 
evaporate  more  quickly  than  in  the  plant  and,  furthermore,  the  odor  being 
80  concentrated  and  intense,  will  not  be  as  sweet  or  as  flowery.  If  we, 
however,  use  with  the  material  various  substances  known  as  fixatives, 
the  odor  is  made  less  volatile.  The  perfume  is  only  given  off  in  small 
quantities  at  a  time  and  we  therefore  duplicate  the  conditions  existing 
in  nature.  In  former  times,  ami3ergri8,  musk,  and  some  of  the  resins  were 
extensively  used  as  fixatives,  but  most  of  these  substances  either  had  such 
a  powerful  odor,  color,  or  sticky  qualities  (resins),  that  they  could  not 
always  be  used  in  sufficient  proportion  to  entirely  satisfy.  Here  modem 
organic  chemistry  has  pven  us  a  number  of  substances,  which,  while 
practically  of  no  odor  value  themselves,  are  very  valuable  in  combmation, 
because  they  not  only  serve  as  fixatives, — that  is,  make  odors  with  which 
they  are  mixed  less  volatile,  but  in  many  instances  have  the  tendency  to 
sweeten  the  odor.  Among  representative  instances  of  this  class  we  may 
mention  methyl  anisate,  benzyl  benzoate,  benzyl  cinnamate,  and  benzyl- 
iso-eugenol,  which  have  but  little  odor.  Synthetic  ambergris  and  civet, 
while  strongly  odoriferous,  are  usually  not  employed  for  their  odor  v^ue, 
but  because  they  act  as  fixatives.  Then  we  have  a  group  of  very  useful 
materials  which  combine  a  delightful  odor  with  valuable  fixative  prop- 
erties, as  the  many  varieties  of  artificial  musk,  phenylethyl  phenylacetate, 
which  has  a  charming  rose-like  fragrance,  the  various  moss  odore  as  Mousse 
de  Chene,  Mousse  de  Perse,  Mousse  d'Orient,  and  many  other  products 
valuable  as  £;.ativea  wherever  their  odor  tiarmonizes  with  the  other 
constituents  utilised. 

Oiemicsl  Groups  of  Most  Importance.  If  we  briefly  review  the  chem- 
ical groups  of  substances  which  are  of  most  value  to  the  industry,  we 
may  mention  aldehydes,  ketones,  phenols,  phenolic  ethers,  alcohols  and 
esters.  Esters  especially — ^that  is,  combinations  of  alcohols  with  acids, 
are  frequently  of  great  value  as  constituents  of  some  of  the  best-known 
odors  and  flavors.  The  adds  alone  are  usually  of  but  little  importance. 
In  ester  form,  however,  when  combined  with  the  various  alcohols,  they 
are  among  the    most  useful   constituents   known.    This   brii^p   us  to 
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one  aspect  of  the  case,  which  is  of  special  importance  to  the  chemist  who 
studies  for  industrial  purposes. 

Industrial  Application.  In  a  great  many  instances  the  user  of  a  perfume 
or  flavoring  material  does  not  consider  the  chemical  changes  or  influences 
against  which  it  may  have  to  contend.  All  eaters  are  sensitive  to  alkalies, 
and  yet  the  writer  has  seen  innumerable  instances,  when,  thoughtlessly,  pei^ 
fume  materials  or  flavoring  materials  that  owe  their  entire  value  to  esters 
have  been  used  in  combination  with  alkalies,  which  will  saponify  the  ester 
in  a  very  short  time,  and  the  odor  will  of  course  disappear.  Thb  illustrates 
the  importance  of  bavii^  the  student  become  acquainted  with  the  individ- 
ual constituents  of  either  odors  or  flavors,  so  that  he  may  use  them  intel- 
ligently and  will  not  employ  a  product  that  will  decompose  under  the 
influences  with  which  it  may  have  to  contend  and  so  that  the  odor 
or  flavor  may  endure.  This  will  also  show  that  care  is  necessary  in  select- 
ing an  individual  material  for  a  certain  purpose,  to  be  sure  that  it  will 
answer  and  that  it  will  not  be  destroyed.  When  we  remember  that  either 
odoriferous  or  flavorii^  materials  are  used  in  small  proportion  only,  we 
realize  all  the  more  that  chemical  incompatibihty  must  be  avoided 
by  all  means,  if  we  wish  *to  produce  an  article  that  will  give  satis- 
faction. 

Of  the  crude  perfume  materials  used  by  the  ancients,  but  few  are  used 
at  the  present  time.  The  animal  secretions  of  value  to  the  industry  are 
very  few,  namely,  musk,  civet,  ambergris,  and  allied  odors. 

Musk.  Musk  is  perhaps  one  of  the  oldest  perfume  materials  in  exist- 
ence and  consists  of  the  dried  secretion  of  the  preputial  follicles  of  the  male 
musk  deer.  This  animal  has  been  hunted  so  excessively  that  it  has  become 
practically  extinct  and  it  is  now  found  only  in  the  portion  of  Asia  where  the 
Himalaya  Mountains  rise  to  elevations  of  8000  to  12,000  ft.  Occasion- 
ally the  animal  may  wander  into  lower  altitudes,  but  the  greater  part  of 
the  annual  production  comes  from  the  Himalaya  region.  In  Siberia  we  find 
musk  deer,  allied  in  family,  but  the  musk  secreted  by  them  is  not  valued 
as  highly  in  commerce  and  does  not  have  as  powerful  an  odor.  The  musk 
pods  are  purchased  by  native  dealers,  carried  by  caravans-to  the  seashore 
and  marketed  from  Chinese  seaporte.  Commercially  the  product  is  known 
as  either  Nepaul  or  Tonquin  musk  and  is  now  valued  at  from  120  to  S25 
an  ounce.  It  is  becoming  scarcer  each  year,  and  the  time  is  not  far  distant 
when  the  musk  deer  will  be  extinct,  because  each  musk  pod  means  that  a 
male  musk  deer  has  been  killed.  Of  course  adulterations  are  plentiful. 
The  Chinese  have  excelled  in  this,  and  have  for  many  years  past  sold 
so-called  artificial  musk,  which  is  a  mixture  of  dried  blood  and  various 
other  substances,  hard  to  identify,  with  just  a  trace  of  natival  musk, 
marketed  at  prices  ranging  from  $1  per  ounce,  upwards.  The  chemical 
substance  to  which  musk  owes  its  odor  has  never  been  definitely  identified. 
Some  research  work  of  recent  years  seems  to  point  to  a  ketone,  which 
gives  a  poweriul  musk  odor,  but  no  chemical  work  of  note  has  been  done 
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oa  tbe  subject,  owing  to  the  high  expense  involved,  and  the  exact  cbemical 
formula  of  the  product  is  still  in  doubt.  Musk  also  contuns  a  number  of 
impurities,  which  rather  detract  from  tbe  true  musk  odor,  but  are  always 
present  in  tbe  natural  article. 

Syntiietic  Huak.  If  we  now  turn  to  synthetic  musk,  we  find  that  here 
we  encounter  a  product  differing  entirely  in  cbemical  composition,  impart- 
ing a  musk  odor,  and  of  which  many  chemical  derivatives  have  been  made. 
The  original  musk  marketed  was  a  trinitro  derivative  of  toluene,  and  later 
a  trinitro  derivative  of  xylene.  This  brings  us  again  to  tbe  parent  sub- 
stance of  BO  many  valuable  materials  in  chemistry  and  medicine,  namely, 
coal  tar.  Xylene,  which  forms  a  con^derable  proportion  of  coal  tar, 
may  be  condensed  with  iso-butyl  chloride,  by  means  of  aluminium  chloride, 
— that  is  by  the  well-known  Friedel  and  Kraft  reaction,  to  form  iso-butyl- 
xyiene.  After  careful  purification,  this  substance  is  nitrated  m  the  usual 
way,  by  employii^  a  mixture  of  sulphuric  and  nitric  acids,  and  the  final 
product  is  thoroughly  purified  by  repeated  crystallization.  This  ^ves  us 
the  artificial  musk  of  commerce,  trinitro-iso-butyl-xylcne,  CizHieOeNa, 
consisting  of  small,  yellowish,  needle-shaped  crystals,  having  a  peculiar 
musk  odor.  This  artificial  musk  is  utilized  in  many  perfume  compositions 
all  over  tbe  world  to-day,  and  while  it  has  not  the  identical  odor  of  natural 
musk  it  has  replaced  it  in  numerous  instances  in  the  soap  and  perfume 
industry.  The  success  of  these  products  encourf^d  scientific  research, 
and  as  a  result  a  number  of  other  musk  compounds  have  been  made 
which  have  a  stronger  and  sweeter  odor.  Among  these  we  may  mention 
musk  ketone,  also  a  nitro  product,  in  which,  however,  the  CO  or  ketone 
group  is  present.  Ambrette  musk,  and  similar  derivatives,  made  by  other 
complicated  chemical  processes  have  a  more  intense  odor  than  Any  other 
artificial  musk  known  and  some  of  them  have  tbe  advantage  of  being 
more  soluble. 

Civet.  Civet  is  the  secretion  of  the  civet  cat  of  Abyssinia,  where 
the  cat  is  kept  for  the  purpose  of  producing  a  regular  supply.  It  is  a  sub- 
stance  somewhat  similar  to  musk,  but  contuns  derivatives  of  indol,  prin- 
cipally one  of  the  methyl-indois,  as  active  constituents.  As  brought  into 
commerce,  it  b  lately  adulterated  with  fats  and  fatty  substances,  hairs, 
clay,  etc.  The  substances  present  in  natival  civet,  which  give  it  fixative 
value,  have  been  identified  chemically  and  are  produced  synthetically. 
Civet  materials  are  now  available,  both  in  liquid  and  crystal  form,  as  well 
as  the  active  principle  to  which  the  odor  of  civet  is  mainly  due,  namely, 
one  of  the  methyl  indols,  C9H9N. 

Ambeigris.  Ambergris  is  another  product  belonging  to  this  series, 
and  is  supposed  to  be  a  decomposition  product  present  in  the  intestines 
of  unhealthy  whales.  Its  use  has  lai^ly  decreased  in  recent  times,  as 
synthetic  substitutes  have  become  available  at  a  small  fraction  of  tbe 
cost  of  the  natural  article,  the  supply  of  which  is  very  irregular  and 
tmcertain. 
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Castoreum.  Castoreum  is  a  product  from  the  beaver,  which  has  a 
amilar  odor  to  musk.    It  is  now  but  seldom  used. 

Gum  Benzoin.  Of  the  fragrant  gum  resins  known  to  the  ancients, 
but  few  have  survived.  Gum  benzoin  is  used  in  medicine  to-day  and  forms 
a  constitueut  of  many  toilet  preparations.  Sumatra  gum  benzoin  has  a 
dark  brown  color  and  is  only  fit  for  medicinal  use, — it  should  never  be 
employed  for  perfumery  purposes.  The  gum  coming  from  Siam  or  Ran  - 
goon  is  the. only  variety  suited  for  use  in  perfumery.  It  is  practically 
colcrlesa.  Gum  benzoin  is  chemically  of  interest,  because  from  it  ben- 
zoic acid  was  first  isolated  and  it  has  given  its  name  to  the  chemicid 
benzene  or  benzol  CeHe.  Then  we  have  gum  olibanum  or  frankincense, 
and  myrrh — Arabian  gums  of  sentimental,  rather  than  practical, 
importance,  although  used  in  the  manufacture  of  incense. 

Styraz.  Styrax  from  Asia  Minor  is  another  gum  of  decreasing 
importance,  in  which,  however,  important  chemical  bodies  have  been 
foiund, — amon^  them  styrol  previously  mentioned,  as  well  as  cinnamtc 
acid  and  cinnunic  alcohol,  both  of  which  are  of  importance. 

Balsam  Peru.  Balsam  or  gum  Peru,  is  improperly  named,  because  all 
of  it  comes  from  the  Republic  of  Salvador  in  Central  America.  This 
balsam  is  obtained  by  crude  methods  over  a  direct  fire  and  has  a  rather 
smoky  odor.  It  is  too  sticky  to  find  application  in  perfumery  and  is 
employed  in  medicine.  There  is,  however,  the  so^alled  oil  of  balsam  Peru, 
which  is  separated  from  the  balsam  by  chemical  means,  eliminating  the 
resins,  which^  has  a  very  nice  odor,  although  contaminated  by  the  burned 
smoky  smell,  due  to  the  phenolic  constituents,  which  result  from  heating 
the  balsam  over  direct  fire.  The  product  has  been  analyzed  repeatedly 
and  synthetic  reproductions  are  on  the  market,  which  are  superior  in  odor 
to  the  natural. 

Gum  Labdanum.  Then  we  have  the  old  gum  lahdanum,  mentioned 
in  some  of  the  ancient  works  on  perfumery,  the  black  color  and  stickiness 
of  which  prevented  its  extended  use.  Chembtry  has  enabled  us  to  isolate 
from  the  gum  the  portion  to  which  the  real  odor  is  due,  which  is  now  largely 
employed  in  the  most  modern  creations  and  imparts  all  of  the  odor  value 
and  fixative  value  of  the  gum,  without  the  color  and  stickiness.  Labdanol 
is  indispensable  in  many  high-grade  bouquets,  as  it  imparts  a  delicate 
softness  to  the  odor  and  acts  as  a  most  excellent  fixative  as  well. 

Flower  Perfume  Materials.  These  include  our  finest  odors,  per- 
fumery products  isolated  from  the  flowers  by  means  of  either  the 
enfleurage  or  maceration  process,  or  synthetic  reproductions  of  these 
materials.  All  of  these  products  are  exceedingly  complex  in  character 
and  owe  their  fine  perfume  to  the  proper  blending  of  many  distinct 
chemical  bodies,  produced  in  such  lavish  profusion  in  nature's  laboratory. 
These  materials  form  the  most  important  group  available  for  duplicating 
the  delightful  blossom  fragrance,  and  include  all  blossom  oils,  concretes, 
"  absolutes,"  pomades,  and  washings  from  same,  and  all  the  fine  synthetic 
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6ower  perfume  oils.  Many  of  the  different  flower  odors  cont^n  a  num- 
ber of  the  same  constituents,  but  in  widely  diSeriog  proportions  and 
influenced  by  the  odor  of  other  bodies  present. 

Genmiol  and  Citronellol.  In  tlie  rose  we  find  the  terpene  alcohols, 
geraniol  and  citronellol,  present  in  lai^e  proportion.  These  are  closely 
allied  chemically.  Geraniol  has  the  formula  CioHisO,  and  citronellol 
CioHjoO.  Geraniol  may  be  produced  more  economically  from  a  num- 
ber of  the  cheaper  oils,  as  will  be  shown  later.  Citronellol  has  not  been 
found  alone,  but  is  usually  accompanied  by  geraniol.  As  the  commercial 
separation  of  these  two  alcohols  is  only  possible  by  destroying  the  greater 
part  of  the  geraniol  present,  the  use  of  citronellol  alone,  which  does  not 
e.\iBt  by  itself  in  the  flower  anyway,  is  not  advantageous.  Under  the 
name  of  rodinol,  or  rhodlnol,  a  mixture  of  geraniol,  citronellol,  and  iso- 
meric alcohols  is  marketed,  containing  the  proportion  of  allied  alcohols 
present  in  roses.  It  has  a  very  sweet  rose-like  odor  when  perfectly 
pure  and  is  used  in  quantities.  CitTonellol  is  also  produced  artiScially 
from  the  allied  aldehyde,  but  this  product  lacks  that  soft  sweetness  which 
is  the  characteristic  of  rodinol.  The  esters  of  geraniol  and  rodinol  are 
likewise  of  importance,  the  acetates,  formates,  and  propionates  having 
a  very  sweet  flowery  odor. 

Rose  Oil  and  Rose-flower  Products.  We  have  already  mentioned 
the  history  of  oil  of  rose,  usually  known  as  Turkish  otto,  one  of  the  highly- 
prized  perfumery  products  used  throughout  the  world.  Turkey  does 
not  produce  even  a  small  proportion  of  the  crop;  almost  all  of  it  comes 
from  Bulgaria;  of  late  Asia  Minor  and  Persia  also  produce  a  limited  quan- 
tity.  Yet  it  must  be  remembered  and  repeated  that  distilled  oil  of  rose 
has  only  part  of  the  perfume  of  the  flower.  The  very  act  of  steam-dis- 
tillation destroys  some  of  the  most  valuable  constituents  present  in  the 
petals.  As  previously  mentioned  the  oil  con^sts  largely  of  geraniol, 
citronellol,  and  allied  alcoh<^  with  a  small  proportion  of  their  esters, 
as  well  as  about  20  per  cent  of  an  entirely  odorless,  waxy  hydrocarbon 
belonging  to  the  paraflSne  series.  Much  of  the  oil  is  impure.  The  official 
figures  show  the  importation  into  Bulgaria  of  quantities  of  products 
that  may  be  used  as  adulterants  for  oil  of  rose  and  the  export  of  a  great 
deal  more  rose  oil  than  the  statistics  show  has  been  produced.  The 
rose-flower  products  have  a  much  finer  perfume  than  the  distilled  oil, 
or  otto,  and  are  available  in  many  modifications.  Rosa  centifolia  is 
used  for  manufacturing  rose  concretes,  pomades,  and  absolutes.  The 
blossom  oil  contains  up  to  SO  per  cent  of  alcohols,  principally  phenylethyl 
alcohol  (see  below),  which  is  almost  entirely  absent  in  the  steam-distilled 
otto,  as  it  passes  into  the  rose  water.  Oils  imparting  the  odor  of  the 
tea  rose,  red  rose,  moss  rc^e,  white  rose,  and  other  varieties,  are  available. 
All  of  these  members  of  the  rose  family  contain  other  constituents  in 
varying  proportions,  hence  in  order  to  duphcate  their  odor  we  must 
utilize  many  different  chemical  bodies. 
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Patdiouly  OiL  Oil  of  patchouly  is  an  illustration.  When  added 
to  rose  products  in  infinitesimal  proportion  it  helps  to  duplicate  the 
peculiar  odor  of  the  white  rose.  The  patchouly  plant  is  principally 
obtained  from  the  Straits  Settlements  and  Java,  where  it  has  been  culti- 
vated so  long  that  it  has  almost  wholly  lost  the  habit  of  flowering.  The 
oil,  which  is  distilled  from  the  leaves,  increases  in  value  on  aging.  By 
chemical  methods  the  oil  may  be  purified  and  the  undesirable  constit- 
uents which  have  a  moldy,  disagreeable  odor,  removed.  The  resulting 
products  can  be  used  without  he«tation  In  the  finest  perfume  combina- 
tions, but  only  in  small  proportion.  If  employed  in  too  large  a  quantity 
the  effect  will  not  be  agreeable. 

Phenylethyl  Alcohol  and  its  DerivatiTes.  Phenylethyl  alcohol, 
CSH6CH2CH2OH,  and  some  of  its  derivatives  are  present  In  roses  and 
many  other  flowers.  The  alcohol  itself  has  a  taint  flowery  odor.  It 
forms  nearly  60  per  cent  of  the  rose  extract  blossom  oil.  Some  of  its 
esters  are  very  valuable,  the  acetate  and  formate  having  a  decidedly 
fruity  character  which  imparts  freshness  to  blossom  oils  coatwining  these 
esters.  The  benzoate  gives  a  very  pleasant  odor  and  also  acts  as  a  fixap 
tive.  Phenylethyl  phenylacetate  has  a  very  sweet  odor,  reminding  one 
of  roses  and  hyacinths,  and  owing  to  its  high  boilii^-point  is  a  very 
valuable  fixative.  Phenylethyl  propionate  also  has  a  fruity  character, 
yet  is  very  flowery  when  used  in  traces. 

Pheaylacetic  Acid  Esters.  The  allied  phenylacetic  acid  has  a  dis- 
agreeable odor  (compared  by  many  to  a  stable  odor),  but  some  of  its 
esters  are  valuable,  both  as  perfumes  and  flavors.  The  ethyl,  methyl, 
amyl,  benzyl  and  phenylethyl  esters  are  mostly  used.  The  ethyl  and 
methyl  esters  give  a  very  sweet,  honey-like  fragrance  when  used  in 
minute  proportion.  The  amyl  and  benzyl  esters  have  a  very  flowery 
character.  We  find  the  phenylethyl  or  phenylaceUc  group  very  widely 
distributed  in  many  different  blossoms,  only  different  derivatives  and 
different  proportions  are  present  in  each  flower. 

Phenylacetic  Aldehyde  and  Hyacinth  Oils.  The  allied  phenylacetic 
aldehyde,  CsHsCHaCHO,  is  a  thin,  limpid  liquid  when  freshly  dlstiUed, 
becoming  syrupy  very  quickly,  and  has  a  very  strong  and  pungedt  hya- 
cinth odor;  it  is  usually  marketed  as  jacinthe.  Unfortunately  it  is  very 
unstable  and  changes  quickly  into  polymers  on  standing.  Hence,  a  solu- 
tion in  benzyl  benzoate  or  some  similar  solvent  is  to  be  preferred.  Com^ 
mercial  brands  often  contain  the  cheaper  benzaldehyde.  Brom  styrene 
CeHfiCH  :CH6r,  also  has  a  strong  hyacinth-like  odor.  Hyacinth  blossom 
oil  contains  also  a  number  of  other  constituents. 

Hydratropic  Aldehyde.  The  instability  of  phenylacetic  aldehyde, 
which  has  such  a  sweet  odor,  prompted  research  work  to  find  some 
derivative  wliich  would  have  a  similar  odor  but  would  keep  unchanged. 
Among  the  many  derivaUves  made,  phenylmethyiacetic  aldehyde, 
CeHfiCH-CHs-CHO,  or  hydratropic  aldehyde,  was  found  to  be  perfectly 
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stable.  This  differs  from  phenylacetic  aldehyde  only  in  so  far  aa  one 
bydrc^en  is  replaced  by  the  methyl  group.  It  has  a  very  fine  and  pun- 
gent flower  odor,  which,  however,  is  much  stroi^r  than  phenylacetic 
aldehyde.  By  condensing  benzene  with  any  halogen  derivative  of 
isopropyl-alcohol,  replacing  the  OH  of  the  alcohol  by  a  halogen  by  the 
usual  method,  iso-propyl-benzene  is  obtained.  After  properly  purify- 
ing the  resulting  product,  we  obtain  hydratropic  aldehyde  by  oxidation. 
A  niunber  of  its  derivatives  are  likewise  of  importance.  For  instance, 
the  methyl  derivative,  readily  obtained  by  using  toluene  instead  of  ben- 
aene  in  the  above  process,  has  an  even  stronger  and  more  pungent  odor, — 
in  fact,  it  18  so  powerful  that  the  odor  is  disagreeable  when  concentrated, 
but  minute  traces  of  it  produce  very  pleasing  results  in  blossom  oib. 

Cinnamyl  Alcohol  and  Cinnamic  Acid  Esters.  While  speaking  of 
materials  that  have  a  hyacinth-like  odor,  we  must  not  overlook  cinnamic 
alcohol,  CeHsCH  :CHCH20H,  which  imparts  a  very  sweet  and  flowery, 
though  mild,  perfume.  This  alcohol  is  one  of  the  constituents  of  gum 
storax,  and  is  present  in  it  as  such,  as  well  as  in  ester  form  in  combination 
with  cinnamic  acid,  CoHsCH  :CHCOOH,  as  cinnamyl  cinnamate,  a 
practically  odorless  white  solid,  and  pJso  in  combination  chemically 
with  some  of  the  acid  resins  of  the  gum.  While  cinnamic  acid  has  prac- 
tically no  odor  value,  its  esters  are  of  value,  as  they  give  a  fruity  effect 
when  used  in  small  proportion  and  they  are  present  in  many  flower  oils. 
The  methyl,  ethyl,  and  amyl  esters  are  the  most  valuable  from  the  9dor 
standpoint,  the  first  two  also  beiQK  used  in  the  flavoring  industry.  When 
used  in  traces  they  assist  in  duplicating  some  of  the  fine  fruit  flavors  of 
nature.  The  benzyl  ester,  benzyl  cinnamate,  we  have  already  mentioned 
as  a  good  fixative,  although  it  has  very  little  odor.  Phenylpropyl  alcohol 
or  hydro  cinnamic  alcohol,  C6HsCHbCH2CH20H,  and  some  of  its  esters, 
are  idso  present  in  some  flower  oils. 

Benzyl  Alcohol  and  its  Esters.  In  many  of  the  perfume  flowers  we  find 
either  benzyl  alcohol,  CbHsCH20H,  or  its  esters,  which  are  most  widely 
distributed  throughout  nature.  Benzyl  acetate,  accompanied  by  the  for- 
mate and  propionate,  is  an  invaluable  constituent  in  jasmine,  of  which 
indeed  these  esters  form  the  bulk.  The  same  compounds  may  also  be 
found  in  tuberose,  ylang  ylang,  and  many  other  of  the  finest  blossom  oils. 
Benzyl  alcohol  is  eaaly  prepared.  By  chlorinating  toluene  we  form  benzyl 
chloride,  and  by  exchanging  the  chlorine  for  either  the  bydroxyl  group 
or  for  one  of  the  acid  radicals,  we  may  obtain  at  will  either  the  alcohol 
or  any  of  its  esters.  Any  of  these  esters  may  also  be  made  from  the 
alcohol,  and  some  of  them  are  so  prepared  by  condensation  in  the  usual 
way.  Benzyl  acetate  has  a  very  fruity  odor,  and  has  found  favor 
itself  as  a  soap  perfume,  in  combination  with  other  materials.  -  Alone 
it  is  too  fleeting,  and  has  a  somewhat  pungent  and  harsh  odor.  Com- 
mercial brands  are  often  very  impure.  Benzyl  formate  and  benzyl 
propionate  give  a  totally  different  odor  effect  from  the  acetate.    It  there- 
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fore  can  readily  be  seen  why  flowers  that  coDtain  a  mixture  of  the  three 
estera  will  have  an  entirely  different  odor  from  either  one  alone.  On 
the  other  hand,  benzyl  benzoate,  the  benzoic  acid  ester  of  benzyl4lcohol, 
has  only  a  slight  odor,  but  is  a  normal  constituent  of  many  natural 
blossom  oils  and  is  highly  valued  as  a  solvent  and  fixative.  It  is 
extensively  used  for  dissolving  artificial  musk  crystals.  While  it  requires 
about  12  to  14  pints  of  spirit  to  dissolve  an  ounce  of  artificial  musk,  this 
amount  is  freely  soluble  in  4  ounces  of  benzyl  benzoate  on  wanning,  and 
may  then  be  mixed  with  other  oils  in  any  desired  proportion.  Benzyl 
benzoate  also  has  been  used  to  some  extent  as  a  fixative  in  Savors,  as  it 
makes  the  more  volatile  flavors  permanent,  especially  in  cases  where  the 
flavor  has  to  stand  prolonged  heating,  as  in  the  confectionery  industry, 
in  making  chewii^-gum,  and  for  other  commercial  applications. 

Benzoic  Acid  Esters  and  Allied  Derirati'ves.  While  the  benzyl  ester 
of  benzoic  acid  has  little  odor,  the  methyl,  ethyl,  isobutyl,  and  amyl  esters 
of  benzoic  acid,  CeHjCOOH,  have  powerful  odors.  The  methyl  ester 
is  used  extensively  in  the  soap  industry  under  the  name  Oil  of  Niobe. 
The  ethyl  ester  is  used  more  often  as  a  flavor,  and  when  properly  employed 
imparts  characteristic  freshness  to  many  fine  fruit  oils.  Some  of  the 
derivatives  of  benzoic  acid  are  very  important.  For  instance,  ortho- 
amido-benzoic  acid,  CeHi(NH2)C00H,  which  has  the  same  formula  as 
benzoic  acid,  excepting  that  one  hydrogen  in  the  ortho  position  to  the 
carboxyl  group  is  replaced  by  NHa,  is  the  parent  substance  for  both 
methyl  anthranilate  and  dimethyl  anthranilate.  Methyl  anthranilate 
is  the  methyl  ester  of  ortho-amido-benzoie  acid  or  anthranilic  acid. 
It  is  responfflble  to  a  great  extent  for  the  delightful  odor  of  the  orange 
blossom,  and  clearly  shows  the  inferiority  of  the  steam-distilled  neroli 
oil,  compared  with  the  orange-flower  products  made  by  enfleurage  or  by 
syntheos.  Commercial  products  often  contain  aniline  and  other  bases; 
only  the  perfectly  pure  ester  has  a  fine  flower  odor.  It  forms  white  crys- 
tals, melting  at  24°  C.  Its  solutions,  even  when  very  dilute,  are  highly 
fluorescent.  The  distilled  oil  usually  contaijis  less  than  1  per  cent  of 
this  ester  while  the  flower  product  proper  contains  up  to  15  per  cent. 
E^en  in  great  dilution  its  odor  value  is  considerable,  and  it  is  more  widely 
distributed  than  has  been  commonly  recognized;  traces  of  it  have  been 
found  in  many  blossoms,  while  jasmine,  tuberose,  ylang  ylang,  and  other 
fine  flower  oils  contain  appreciable  amounts. 

If  we  substitute  a  methyl  group  in  amido  benzoic  acid,  we  obtun 
methyl-amido-benzoic  acid  and  the  methyl  ester  of  this,  or  dimethyl 
anthranilate  is  likewise  very  valuable.  It  has  a  sweet  odor  In  great  dilu- 
tion, which  imparts  fragrance  to  many  blossom  tals. 

LinalooL  Liualool  is  a  terpene  alcohol  of  high  importance  in  the 
industry.  It  has  the  chemical  formula  CioHigO,  and  is  widely  distributed 
in  nature.  Mexican  oil  of  linaloe  is  the  principal  commercial  source 
of  linalool,  as  this  oil  contuns  from  60  to  86  per  cent.    The  oil  itself' 
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has  a  crude  odor,  owing  to  impurities,  but  by  proper  physical  and  chemical 
methods  the  alcohol  may  be  separated  in  very  pure  form.  The  so- 
called  oil  of  female  rosewood  distilled  in  British  and  French  Guiana  con- 
tains a  larger  proportion  of  linalool  and  haa  a  sweeter  odor  itself,  but 
the  terpene  alcohol  separated  from  it,  when  properly  purified,  is  in  no 
way  superior  to  the  Mexican  product,  provided  care  has  been  taken  to 
eliminate  all  impurities.  Linalool  also  exists  in  several  isomeric  modifi- 
cations differing  somewhat  in  odor.  Oil  of  coriander  contains  about  6S 
per  cent.  i^ 

Lily-flower  Oils.  These  contain  Imalool,  its  derivatives  and  esters, 
also  products  belonging  to  the  ionone  series,  which  will  be  discussed 
later,  phenolic  ethers,  and  some  of  the  higher  aldehydes  and  alcohols 
of  the  fatty  series,  which  we  shall  speak  of  furt)ier  on. 

Orange-flower  and  Nendl  Products.  One  of  the  oils  which  owes 
much  of  its  odor  value  to  esters  of  linalool  is  the  oil  of  neroh,  distilled 
from  orange  blossoms.  We  have  already  mentioned  methyl  anthranilate 
and  a  number  of  other  substances  that  contribute  to  the  complex  orange- 
flower  odor.  Neroli  oil,  being  made  by  steam  distillation,  does  not  repre- 
sent the  entire  odor  value  of  the  flowers,  but  having  become  a  ctnnmercial 
product  many  years  ago,  is  esteemed  by  manufacturers  of  col<^^e,  and 
is  also  used  aa  a  flavor  to  a  limited  extent.  "  Orange-flower  water  '^ 
is  obtained  as  a  by-product,  and  contains  the  saponified  portion  of  some 
of  the  constituents  present  in  the  blossom.  It  may  be  had  at  a  fair  price, 
considering  the  fact  that  the  purchaser  must  pay  for  the  transportation 
of  distilled  water  from  Europe.  A  number  of  different  varieties  of  neroli 
are  known,  neroli  petale  being  the  finest  grade,  neroli  bigarade  coming 
next  in  quality,  after  which  there  are  various  inferior  grades,  ending  with 
the  so-called  oil  of  petltgrain.  This  is  imported  from  South  America, 
where  it  is  distilled  by  crude  native  methods  from  twigs,  leaves,  unripe 
fruit,  as  well  as  flowers  of  the  wild  orange  trees,  which  have  spread  from 
those  planted  there  when  Spanish  friars  controlled  that  quarter  of  the 
world.  Oil  of  petitgrain  is  frequently  used  to  dilute  the  more  valuable 
neroli  oils.  Orange-flower  products  made  by  enfleurage  or  syntheas  differ 
greatly  in  composition  from  distilled  neroli  oils  as  they  represent  all  the 
blossom  constituents.  As  previously  mentioned  they  contun  a  much 
larger  percentage  of  methyl  anthranilate,  also  phenylethyl  alcohol  and 
its  derivatives  and  other  constituents  which  are  lost  in  the  steam- 
distillation  process.  The  flower  oils  therefore  have  a  much  sweeter  and 
finer  perfume  than  neroli  oils  and  are  indispensable  In  fine  perfumery. 

Jasmine-flower  Products.  These  should  be  discussed  here,  as  they 
contain  many  of  the  items  just  mentioned.  The  jasmine  odor  is  one  of 
the  most  useful  perfumery  raw  materials,  indispensable  in  many  bouquets, 
as  it  imparts  great  freshness  and  delightful  odor  effects.  Jasmine-blossom 
oil  contains  principally  the  benzyl  esters  of  acetic,  formic,  and  propionic 
adds,  linalool  and  its  esters,  methyl  anthranilate,  bensyl  alcohol,  geramol, 
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para  cresol,  a  keto&e  jaemoa  and  traces  of  a  number  of  other  constituents. 
Cape  jasmiae  or  gardenia  oil  belongs  to  the  same  odor  class,  but  is  less 
fleetii^  and  has  a  more  intense  sweetness. 

Tuberose,  Jonquil,  Narcisse  I^x>duct8.  These  again  illustrate  the 
fact  that  nature's  finest  blossom  oils  often  represent  some  of  the  same 
constituents,  as  these  oils  contain  many  of  the  items  present  in  orai^- 
flower,  lily  and  jasmine  oils — but  in  different  proportion,  and  the  odor 
is  modified  in  each  case  by  other  bodies. 
K  Nafdithol  Ethers.  It  is  curious  to  note  that  oi^anic  chemistry  has 
also  produced  an  ether  of  a  phenol,  a  direct  derivative  of  naphthalene, 
which  has  an  odor  somewhat  similar  to  orange  flower,  and  it  is  so  power- 
ful that  the  material  can  only  be  used  in  minimal  amounts.  While  the 
odor  is  not  equal  to  the  flower,  it  is  cheap  and  so  stroi^  that  quantities 
of  this  ether  are  used  in  soap-making  and  in  the  cheaper  grades  of  cologne. 
This  is  the  ethyl  ether  of  beta-naphthol,  which  may  readily  be  derived 
from  naphthalene.  Beta-naphthol  condenses  very  easily  with  ethyl 
alcohol  and  the  resultii^  white  or  yellowish  white  crystals,  melting  at 
37°  C,  are  known  as  bromelia  or  neroline,  CioHj.O.CzHs.  The  latter 
name,  however,  has  been  indiscriminately  applied  both  to  the  ethyl 
and  methyl  ether  of  beta-naphthol.  The  methyl  ether  is  known  as 
yara,  has  an  even  more  powerful  odor,  but  reminds  one  somewhat  of 
acacia  blossoms  rather  than  orange  flowers  and  has  a  higher  melting- 
point, — that  is,  70°  C,  Its  odor  is  disagreeable  to  many  people,  owing 
to  its  excessive  strength  and  because  it  is  often  employed  in  far  too  large 
proportions.  In  soaps  both  these  ethers  may  be  used  in  the  proportion 
of  from  1  to  i  ounce  to  100  pounds,  always  in  combination  with  other 
perfume  materials.  Neither  of  these  ethers  has  been  f ouod  in  nature,  and 
this  is  an  instance  where  products  totally  differing  in  chemical  composi- 
tion have  a  similar  odor,  as  in  the  case  of  natural  and  artificial  musk, 
which  are  not  related  chemically. 

Pheod  Ethers  and  Allied  Bodies.    Another  illustration  that  carbon 
compounds  having  a  totally  different  structure  may  resemble  each  other 

CeHsX 
in   odor    is   supplied    by    di-phenyl    oxide  yO-    This  ether  of 

phenol  has  a  very  powerful  odor  somewhat  similar  to  geranium.  As  it 
is  made  from  phenol  by  condensing  two  molecules  with  the  loss  of  HaO, 
or  by  replacing  the  hydrogen  in  the  hydroxyl  group  of  phenol  with  the 
benzene  riag,  it  often  has  a  carbolic  by-odor  due  to  insufficient  purifica- 
tion. Only  the  chemically  pure  ether,  free  from  all  traces  of  by-odor, 
should  be  employed.    Another  body  which  recalls  the  odor  of  geranium 

is  diphenyl  methane  ^X'Ha.    It  can  be  readily  made  from  benyzl 

chloride  by  replacing  the  chlorine  with  the  benzene  ring.  When  abso- 
lutely  pure  it  has  a  very  strong  and  quite  sweet  odor.    Para-cresol  or 
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para  methyl  phenol  CeH4(CH3)OH  has  been  found  in  traces  in  several 
of  the  fine  blossom  oils  and  its  methyl  ether,  methyl  para-cresol 
C6Hi(CH3)O.CH3  is  the  body  to  which  oil  of  ylang,  one  of  our  sweetest 
flower  oils,  owes  its  characteristic  odor. 

Tlang  Ylang  OQ.  Ylang  ylang  oil  has  long  been  one  of  the  most 
valuable  products  of  the  Philippines.  The  distilled  oil  is  a  very  complex 
body  which  differs  somewhat  from  year  to  year  and  according  to  the 
method  of  production.  In  fact,  ylang  and  cananga,  a  cheaper  oil,  are 
derived  from  the  same  tree.  The  best  ylang  ylang  oil  consists  of  the 
first  portion  of  the  steam  distillate.  It  contains  a  larger  proportion 
of  esters.  Cananga  oil  represents  the  less  valuable  fractions,  form- 
ing the  second  portion  of  the  distillate.  Its  odor  is  not  nearly  as 
sweet  and  its  value  is  often  less  than  10  per  cent  of  ylang  oil.  Many  of 
the  chemical  bodies  that  we  have  described  are  present  in  this  oil,  therefore 
it  is  a  Sne  example  of  a  complex  natural  product.  It  contains  benzyl 
alcohol,  benzyl  acetate,  benzyl  formate,  benzyl  benzoate,  benzyl  salicylate, 
methyl  anthranilat€,  methyl  benzoate,  methyl  salicylate,  geraniol,  geraniol 
acetate,  linalool,  linalyl  acetate,  eugenol,  iso-eugenol,  methyl  eugenoi, 
methyl  iso-eugenol.  This  list,  while  long,  is  by  no  means  complete,  as  a 
number  of  allied  bodies,  especially  other  esters,  are  also  present.  Even 
all  •  these  together  will  not  give  the  right  odor,  until  the  characteristic 
constituent  is  added  which  converts  the  product  into  ylang  ylang.  This 
body  is  the  methyl  ether  of  para-cresol,  which  is  enormously  powerful 
and  therefore  must  be  used  with  great  care.  Traces  of  para-cresol  itself  and 
of  gu^acol  ethers  are  also  present  in  the  oil. 

Acetophenone  and  its  Derivatives.  Among  aromatic  substances 
having  a  flowery  odor,  we  must  not  overlook  pbenylmethyl  ketone 
CeHs.CO.CHa  known  also  under  the  name  of  acetophenone  and  hypnone, 
the  last  name  being  due  to  the  fact  that  some  years  ago  it  was  used  in 
medicine  as  a  hypnotic.  It  is  a  product  particularly  valuable  in  soaps, 
as  it  is  stable  against  alkalies  under  all  circumstances.  Its  delightful 
flower-like  odor  and  pungency  make  it  a  valuable  addition  in  combina- 
tions where  proprietary  efl'ects  are  desired. .  A  close  chemical  relative 
of  this  substance  is  para-methyl-acetophenone,  having  the  same  formula 
but  with  an  additional  CH3  group  in  the  para  position  to  the  ketone  group 
CO,  (CeHiCCHaj.CO.CHs).  In  commerce  this  is  usually  called  melilot, 
althoi^h  many  fancy  names  have  been  used.  It  imparts  the  honey-like 
fragrance  of  sweet  clover  and  gives  very  similar  effects  to  cumarine, 
the  active  principle  of  the  tonka  bean.  As  it  is  about  five  times  as  power- 
ful in  odor  as  cumarine  it  is  one  of  the  moat  economical  perfumery  sub- 
stances known.  In  soaps  it  is  invaluable  as  it  is  likewise  absolutely 
stable  gainst  alkalies.  Methyl  melilot  or  di-methyi  acetophenone 
C6H3(CH3)2COCH3  recalls  the  odor  of  melilot,  but  is  still  sweeter  and 
much  finer  in  character.  Other  more  complicated  chemical  derivatives 
of  these  substances  are  also  used. 
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Cunuiine.     Cumarine  CeHi(0)CHCHCO  is  the  active  principle  of 


tonka  beans  and  is  also  widely  distributed  in  nature.  It  is  found  in  quauti  - 
ties  in  the  herb  known  as  deer  tongue  and  in  small  proportions  is  present  in 
hay.  The  odor  of  new-mown  bay  in  the  fields  is  due  partially  to  this  sub- 
stance. From  the  chemical  standpoint,  cumarine  is  interesting,  because  it 
can  be  made  from  carbolic  acid  or  phenol,  which  in  turn  brings  us  back  again 
to  coal  tar,  which  has  furnished  so  many  surprises  to  chemists.  Pheool, 
by  treatment  with  alkalies  and  chloroform  may  be  readily  converted  into 
a  mixtiu^  of  two  aldehydes.  We  mentioned  these  as  an  illustration  in 
speaking  of  the  futility  of  judging  the  value  of  a  compound  by  its  chemical 
formula.  Ortho-oxy-benEaldehyde  is  usually  formed  in  the  larger  pro- 
portion and  may  be  readily  converted  into  cumarine  by  the  well-known 
Perkin  reaction,  by  condensing  this  aldehyde  with  acetic  anhydride  and 
anhydrous  sodium  acetate.  After  proper  purification,  the  chemical  so 
prepared  cannot  be  distmguished  from  a  properly  purified  cumarine 
obtained  either  from  deer  tongue  or  from  the  tonka  bean.  Purification 
is  of  prime  importance  because  the  slightest  odor  of  the  parent  material, 
or  of  one  of  the  reagents,  adhering  to  the  finished  product  will  entirely 
spoil  it.  Cumarine  b  largely  used  in  making  cheap  Savors,  also  in  per- 
fumery and  in  scenting  soaps.  Some  of  its  chemical  derivatives,  the  man- 
ufacture of  which  is  more  complicated,  are  even  more  valuable. 

Hawthorn,  Aubepine,  NeW'^nown  Hay  Oils.  Para-oxy-benzaldehyde 
is  the  other  aldehyde  formed  in  smaller  proportion  in  the  reaction  just 
mentioned.  While  a  nearly  odorless  solid  it  can  readily  be  transformed 
into  the  methyl  derivative,  an  oil  of  powerful  odor,  recalling  hawthorn 
bloe8(Hn8  and  known  as  aubepine,  C6Hi(OCH3)CHO.  New^nown  hay 
perfume  oils  contain  several  derivatives  of  the  constituents  just  dis- 
cussed and  should  be  mentioned  here  as  they  are  so  valuable  aa  sweet- 
eners in  many  perfume  formulas. 

Salic^k  Add  Esters.  We  have  just  con^dered  meUlot  as  impart- 
iI^;  a  sweet  clover  fragrance.  The  red  clover  has  an  odor  of  its 
own.  One  of  the  main  constituents  used  in  duplicating  this  is  a 
synthetic  body,  first  made  ia  the  laboratory  and  long  marketed 
under  various  names,  as  orchidee,  sanfoin,  etc.  Thb  is  the  iso-amyl 
ester  of  salicylic  acid  or  ortho-oxy-benzoic  acid  C6H4(OH)COOCfiHn. 
It  has  about  the  same  relation  to  trefle  or  orchid  perfumes  as  benzyl 
acetate  has  to  jasmine, — that  is,  while  present  in  large  proportion,  its 
odor  is  influenced  and  totally  changed  by  some  of  the  other  constituents 
previously  described.  Iso-butyl-saUcylate  has  a  similar  odor  and  ia 
known  under  the  name  of  orchidone.  Treflo-fiower  oils  are  built  by 
synthesis  from  these  and  other  esters  in  much  the  same  way  as  jasmine 
oils  are  produced  with  the  help  of  benzyl  acetate  or  rose  oils  with  the 
assistance  of  the  terpene  alcohols.  Trefle  odors  have  become  very  poiH 
ular  and  are  also  used  extensively  in  toilet  soaps. 
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Birch  Oil.  Birch  oil  is  almost  entirely  ccHnposed  of  the  methyl  ester 
of  ortbo-oxy-benzoic  acid  or  salicylic  acid.  This  is  also  the  main  con- 
stituent of  value  in  oil  of  wintergreen.  For  this  reason  the  U.  S. 
Phannacopceia  has  recognized  artificial  methyl  salicylate,  made  by  con- 
densing salicylic  acid  and  methyl  or  wood-alcohol.  For  flavoring,  methyl 
salicylate  is  much  inferior  to  ethyl  salicylate,  which  also  exists  in  many ' 
natural  oils,  as  the  ethyl  ester  gives  not  only  a  sweeter,  but  more  lasting 
flavor. 

Wintergreen  OtL  Oil  of  wintei^^reen  represents  one  of  the  exceptiona 
among  essential  oils  as  it  consists  of  practically  one  constituent  to  which 
the  odor  and  flavor  value  is  due.  Almost  all  others  are  much  more 
complex  in  character.  Methyl  salicylate,  mixed  with  a  little  ethyl  sali- 
cylate, and  a  trace  of  the  methyl  ester  of  methyl  salicylic  acid,  can 
scarcely  be  distinguished  in  fiavor  from  the  natural  oil.  It  is  not  sur- 
prisii^  therefore  that  these  natural  oils  are  so  laigely  adulterated,  for 
while  the  synthetic  oils  are  legitimate  articles  of  commerce,  they  should 
not  be  supplied  where  the  natural  product  is  ordered,  as  this  is  much 
higher  in  value,  due  to  cost  of  production. 

Camphor  and  Safrol.  Camphor  CioHjeO  is  a  body,  which,  while 
not  an  essential  oil,  is  very  important,  not  only  on  account  of  Us 
medicinal  value,  but  because  it  is  the  parent  substance  of  many  other 
chemical  bodies.  Japan  has  controlled  its  production,  but  it  has  also 
been  made  by  s>~nthesis  and  artificial  camphor  is  now  on  the  market. 
Camphor  is  obtained  commercially  by  distilling  with  steam  the  wood 
of  the  camphor  tree.  Recently,  the  discovery  has  been  made  by  the 
U.  S.  Department  of  Agriculture  Experiment  Stations,  that  small  plants, 
just  started  from  the  seed,  can  be  mown  and  distilled  with  a  very  good 
yield  of  camphor.  Camphor  is  a  solid  which  crystallizes  from  camphor 
oil  on  chilling.  The  crude  product  is  imported  from  Japan  and  refined 
in  the  United  States,  Camphor  oil,  the  liqoid  portion,  is  very  complex, 
and  is  one  of  the  sources  of  safrol,  which  ia  used  commercially  in  medicine 
as  artificial  oil  of  sassafras,  of  which  this  is  the  principal  constituent. 

Sassafras  Oil.  As  stated  above  safrol  C10H10O2  is  the  main  con- 
stituent of  this  oil,  of  which  it  forms  80  per  cent,  the  balance  consisting 
of  7  per  cent  camphor  and  terpenes.  It  finds  employment  in  medicine 
and  for  scentii^  laundry  soaps. 

Heliotropine  and  Heliotrope-flower  Oils.  Safrol  is  also  used  chem- 
ically. By  oxidation  it  yields  heliotropine  or  piperonylic  aldehyde, 
CeH3(OCH20)CHO,  the  methylene  derivative  of  protocatechuio  alde- 
hyde. This  substance  has  the  odor  of  heliotrope  and  is  one  of  the 
constituents  to  which  the  flower  oil  owes  its  perfume.  Alone,  how- 
ever, it  lacks  strength  and  character  and  must  be  reinforced  with  other 
bodies  present  in  the  blossom.  Heliotropine  crystals  have  proven 
valuable  as  an  addition  for  sweetening  soap  perfumes  and  for  other  tech- 
nicat  applications.    Heliotrope-blossom  oils  are  among  the  most  useful 
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producta  available  for  perfumery,  as  they  are  much  used  for  sweetening 
many  other  flower  odors. 

Bitter  Almond  OU  and  Benzaldehyde.  The  esseatial  oil  of  bitter 
almond  is  an  illuatration  of  the  futility  of  the  classification  of  essential 
oils  according  to  their  botanical  origin.  The  almond  tree  is  a  member  of 
.  the  great  rose  family,  resembling  our  peach.  -  There  is  no  difference 
between  the  bitter  and  the  sweet  almond  trees,  and  the  fruits  of  both 
contuD  a,  considerable  amount  of  fatty  oil,  which  is  also  utilized  in  med- 
icine as  "  oil  of  sweet  almonds."  A  similar  oil  may  be  found  in  the  apricot 
and  peach  fruit,  but  in  addition,  these  two  and  the  bitter  almond  kernel 
contain  a  body  called  "  amygdalin,"  which  is  a  combination  of  glucose, 
hydrocyanic  acid  and  benzoic  aldehyde,  and  this  breaks  down  into  these 
bodies  when  acted  upon  by  a  ferment,  called  emulsin,  which  is  also 
present  in  the  fruit  or  seed,  or  by  other  hydrolizing  agents.  After  the 
emulsin  has  acted,  direct  steam  is  applied,  and  a  very  old  process  in  vogne 
among  the  alchemists,  and  named  by  them  "  cohobatjon,"  is  employed. 
The  water  which  has  been  distilled  oS  is  returned  to  the  still  after  separat- 
ing the  oil,  by  which  means  the  total  amount  of  water  used  is  kept  down 
to  a  minimum  and  a  much  larger  quantity  of  oil  is  recovered.  The 
hydrocyanic  acid  must  be  removed  from  oils  intended  for  flavoring, 
because  it  is  highly  poisonous,  and  during  this  and  the  previous  handling 
care  must  be  taken  to  prevent,  as  far  as  pos^ble,  the  rapid  oxidation  of 
the  principal  constituent,  benzaldehyde,  to  benzoic  acid.  This  will  well 
illustrate  the  care  which  must  be  taken,  and  the  number  of  reactJons 
involved,  in  obtaining  from  nature  such  a  simple  body  as  benzaldehyde, 
which  can  be  so  easily  made  from  toluene.  For  instance,  if  toluene  is 
treated  by  chlorine,  we  obtain  according  to  the  proportion  of  chlorine 
employed,  either  benzyl  chloride  CqHsCHjCI  or  benzal  chloride 
C6HgCH.C1z.  Benzaldehyde  may  be  made  from  either  of  these 
toluene  substitution  products.  For  instance,  if  we  treat  benzyl 
chloride  with  lead  nitrate  and  water,  we  obtain  benzaldehyde 
CeHsCHO,  The  oil  of  bitter  almond,  deprived  of  prussic  acid,  is  com- 
mercially known  as  oil  of  bitter  almond,  S.  P.  A.  (without  prussic  acid). 
The  natural  oil  conttunii^  the  acid  is  very  poisonous  and  must  never  be 
employed,  excepting  for  medicinal  purposes  when  the  prescribing  physician 
specially  desires  its  medicinal  effects. 

Benzylidineacetone.  This  condensation  product  of  benzaldehyde  and 
acetone,  benzylidineacetone  CeHiCHCH.CO.CH3,  or  cinnamyl  methyl 
ketone,  has  a  very  powerful  odor,  reminding  of  cumarine,  hence  it  has  been 
marketed  as  cumarol  and  under  similar  fancy  names.  It  is  stable  against 
alkalies  and  is  used  as  a  soap  perfume,  fiut  it  Is  exceedingly  irritating 
to  the  skin,  and  should  therefore  be  used  in  only  very  small  proportion  and 
never  as  a  constituent  of  perfumes  employed  In  creams,  or  toilet  lotions. 

Anige  OiL  Anise  oil  is  easily  obtained,  as  it  is  only  necessary  to  steam- 
distill  the  seed  until  the  residue  is  free  enough  from  oil  to  be  used  as 
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cattle  food.  The  resulting  anise  oil  is  quite  complex  in  compositjon, 
the  miUQ  constituent  being  anethol  CioHjaO,  the  methyl  ether  of  para- 
propenyl-phenol,  and  with  it  is  associated  the  corresponding  allyl  com- 
pound known  as  iso-anethol,  methyl  cbavicol,  or  eatragol  CioHizO. 
These  bodies  are  also  found  in  almost  the  same  proportion  in  an  entirely 
different  oil  from  a  botanical  standpoint,  because  anise  is  a  member 
of  the  Umbelliferous  famil> ,  to  which  carrots  and  parsnips  belong,  while 
the  star  anise  is  distilled  in  China  from  the  fruit  of  an  ilex  tree,  which  is 
related  to  magnolia,  and  yields  an  oil  which  can  scarcely  be  distinguished 
by  chemical  teat  from  true  anise  oil.  Star  anise  oil  is  usually  produced 
in  the  crudest  ways  by  natives  and  is  sold  at  a  much  lower  price.  The 
oil  is  used  in  medicine  and  sometimes  as  a  flavor. 

Bay  Oil.  Bay  oil  is  in  no  way  related  to  the  bays  or  laurels  of  classical 
times,  but  ia  distilled  from  leaves  of  trees  native  to  the  West  Indies, 
belonging  to  the  Pimenta  or  Myrcia  family.  At  an  early  date  these 
sweet  leaves  were  soaked  in  rum,  and  the  well-known  bay-rum  was  the 
result.  It  was  later  found  that  an  oil  obtained  by  steam  distillation 
could  be  added  to  alcohol,  and  a  very  similar  product  obtained.  The 
oil  contains  eugenol  and  methyl  eugenol  as  ite  principal  constituents. 
It  also  contains  chavicol  C6H4{OH)C3H5,  and  its  methyl  ether,  which 
has  been  mentioned  previously  as  present  in  anise  oil,  and  a  little  citral, 
which  we  shall  consider  later.  In  addition  there  are  a  number  of  ter- 
penes,  which  are  bodies  that  have  only  recently  been  investigated  and 
about  which  we  shall  have  to  learn  much  before  we  can  understand  them. 
They  are  present  in  many  oils  in  considerable  proportion  and  in  traces  in 
nearly  all  essential  oils  that  are  distilled.  They  are  a  disadvantage  in 
practically  every  instance,  as  they  take  up  oxygen  from  the  air,  thicken 
the  oils,  give  rise  to  unpleasant  odors  and  have  but  little  odor  value  them- 
selves. Many  of  the  natural  oils  contain  a  large  proportion  of  terpenes, 
and  therefore  a  purified  product  which  eliminates  these  is  highly  to  be  pre- 
ferred.in  manufacturing,  because  the  purified  oil  is  more  soluble,  has  the 
odor  of  the  plant  or  fruit  in  a  higher  degree,  and  is  more  concentrated. 

Citrus  Oils.  The  oils  of  the  Citrus  family,  which  include  bergaeaot, 
lemon,  lime,  orange  and  bitter  Orange  are  made  commercially  principally 
in  southern  Italy  and  Sicily.  (Oil  of  orange  is  also  made  in  Jamaica.) 
All  are  obtained  by  expression  and  not  by  distillation. 

Bergamot  Oil.  Oil  of  bergamot  owes  its  odor  principally  to  the 
esters  present,  consisting  of  linalyl  acetate  and  allied  compounds.  The 
commercial  oil  usually  contains  from  30  to  40  per  cent  of  ester  and  is 
valued  according  to  ester  content.  It  has  been  lai^ely  adulterated, 
especially  since  the  price  has  risen  during  the  last  few  years,  and  should 
be  purchased  from  reliable  sources.  Synthetic  products  are  available, 
which  duplicate  the  odor  at  considerably  less  cost. 

lioalyl  Acetate.  This  is  one  of  the  most  important  perfume  esters. 
It  is  prepared  extensively  by  synthesis  from  Unalool.    As  it   formq 
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the  main  odoriferous  cdustitueat  of  oil  of  bergsmot,  linalyl  acetate, 
Ci2H2o02,  replaces  this  to  advantage,  owing  to  its  lower  coet,  as  one 
pound  of  80  per  cent  ester  is  equivalent  to  over  2  pounds  of  bei^;amot 
oil.  Much  of  the  commercial  linalyl  acetate  is  impure  and  often  con- 
tains other  esters,  principally  impure  terpineol  acetate.  When  pure  it 
has  a  very  fragrant  odor.  It  is  present  in  many  blossom  oils,  which 
indicates  its  usefulness.  It  forms  part  of  the  odor  value  of  the  oils  ot 
oraoge  flowers,  jasmine,  gardenia,  ylang  ylang,  lavender,  etc. 

Lemon  Oil.  Lemon  oil  consists  principally  (over  90  per  cent)  of 
terpenes,  which  have  no  flavor  or  odor  value,  but  which  hasten  the  rapid 
oxidation  of  the  oil,  so  that  lemon  oil  will  not  keep  very  long  and  changes 
into  turpentine-Iike-smelling  derivatives,  which  are  useless  for  technical 
application.  The  active  principles  of  lemon  oil  consist  of  about  8  per 
cent,  the  main  constituent  being  citral,  the  aldehyde  of  geraniol,  which 
we  shall  further  consider  under  geranium  oil.  Citral  is  usually  isolated 
from  lemoi^ass  oil,  in  which  it  is  present  in  far  larger  proportion,  ranging 
from*  60  to  80  per  cent,  according  to  quality.  Lemongrass  oil  contains, 
however,  other  constituents  that  have  a  disagreeable  odor.  Citral  alone, 
even  when  pure,  does  not  produce  a  fresh  lemon  flavor.  It  is  well  known 
that  other  substances  are  present  in  small  proportion,  for  instance,  small 
unounts  of  linalyl  acetate,  methyl  antbranilate,  and  a  number  of  other 
compounds.  Lemon  oil  is  used  mainly  as  a  flavor.  Where  a  lemon 
perfume  is  wanted,  as  in  soaps,  citral  may  be  used  to  much  better 
advantase  at  a  large  savii^  in  cost. 

Orange  OIL  The  oib  of  bitter  and  mandarin  oranges  and  limea 
are  made  on  a  small  scale,  but  the  oil  of  sweet  orange  has  found  extended 
application  in  flavors  and  perfumery  for  many  years  past.  Oil  of  sweet 
orange  contains  a  larger  proportion  of  terpenes,  which  are  useless  from 
the  odor  and  Savor  standpoint,  than  any  of  the  other  oils  of  the  Citrua 
family.  In  fact,  it  is  estimated  that  less  than  one-twentieth  of  the  weight 
of  the  commercial  oil  of  orange  consists  of  the  active  odor  or  flavor-beuing 
portion^among  these  decoic  aldehyde  has  been  identified  as  one  of  the 
constituents  that  contributes  the  main  flavor,  but  many  other  items  are 


Synthetic  Aldehydes  and  Alcohols.  This  brings  us  to  the  subject  of 
the  synthetic  fatty  aldehydes  and  alcohols,  which  are  of  use  in  perfumery 
and  flavors.  The  lower  fatty  aldehydes  and  alcohols,  contfuning  less  than 
seven  carbon  atoms  to  the  molecule,  are  not  useful  constituents,  the 
Cs,  Ci,  Cs  and  Ce  aldehydes  having  a  very  ^sagreeable  odor.  Our 
interest  begins  with  heptoic  aldehyde  C7H14O  and  heptoic  alcohol 
C7H16O.  Both  of  these  may  be  made  from  castor  oil  commercially 
and  have  an  exceedit^Iy  disagreeable  odor  while  impure,  but  the  pure 
products  when  used  in  traces  often  prove  of  high  value.  Then  we  come 
to  the  eight-carbon  atom  molecule,  octoic  alcohol  CsHisO  and  oeUnc 
aldehyde,  CsHiaO,  both  of  considerable  importance  in  perfumery.    They 
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are  present  in  many  of  our  most  valued  Sower  oils,  but  in  infinitesimal 
proportion.  Yet  if  both,  of  these  are  utilized  indiscriminately  in  larger 
quantities  the  result  will  be  failure,  because  while  concentrated  both 
have  a  disagreeable  odor.  Almost  the  same  thing  may  be  said  of  aonoic 
aldehyde  CoHisO  and  nonoic  alcohol  CqHsoO,  both  of  which  are  extremely 
valuable  when  used  in  traces,  yet  when  employed  in  too  large  a  propor- 
tion the  odor  eiTect  is  entirely  out  of  harmony  and  spoils  the  product. 
Decoic  aldehyde  C10H20O  and  decoic  alcohol  CiaH220  are  of  the  same 
importance.  As  stated,  decoic  aldehyde  is  one  of  the  bodies  to  which 
orange  oil  owes  its  main  flavor  and  odor  value.  It  ia  a  magnificent  prod- 
uct when  properly  used.  Decoic  alcohol  likewise  proves  of  service  in 
many  instances,  but  if  used  in  excess  the  effect  will  be  disagreeable. 

Duodecoic  alcohol  CuHaeO  and  duodecoic  aldehyde  Ci2Hs«0  serve 
the  same  purpose.  In  traces  they  are  valuable.  Some  instances  have 
appeared  in  print  where  duodecoic  aldehyde  has  been  recommended  for 
sweetening  ionone  and  for  producing  flowery  effects  when  used  in  Uie 
proportion  of  10  per  cent.  Any  manufacturer  who  employs  the  product 
in  that  proportion  will  te  disappointed,  because  if  he  uses  pure  material 
he  will  find  that  a  mere  trace  is  all  that  is  required-^-more  than  that  will 
entirely  spoil  the  product.  The  Cii,  C13  and  Ci4  allied  aldehydes  and 
alcohols  are  also  valuable  when  used  in  traces  only. 

Grass  Oils.  From  the  citrus  oils  we  pass  to  the  East-Indian  oils  of 
the  Citronella  family,  which  include  a  number  of  aromatic  grasses.  They 
ture  known  by  various  names,  and  while  closely  related  botaoically, 
produae  oils  of  entirely  different  odor-effects  when  distilled.  They  include 
the  oils  of  citronella,  paJma  rosa,  or  East-Indian  geranium,  gingeigrass, 
lemoi^^ass  and  vetiver.  Hundreds  of  tons  of  these  grasses  are  distilled 
annually  by  the  natives  in  India. 

'  CitroneUa  Oil.  Oil  of  citronella  is  moetly  used  for  technical  appUcar 
tions  and  for  perfuming  laundry  soaps.  Chemically,  it  is  a  source  of  the 
important  terpene  alcohol,  geraniol,  a  constituent  of  rose  oil.  It  also 
contains  an  aldehyde,  citroaellal  CioHigO,  closely  related  chemically 
to  citral,  the  aldehyde  of  lemon  oil,  which  serves  as  a  raw  material  for 
building  up  other  materials  by  syntbeas. 

Pahna-Tosa  Oil.  Oil  of  palma-rosa,  or  E^ast-Indian  geranium  oil,  is 
likewise  of  importance,  as  it  contains  a  large  proportion  of  geraniol,  which 
is  isolated  from  the  oil  chemically  and  finds  extended  application.  The 
oil  itself  is  used  as  a  soap  perfume.  Oil  of  gingergrass,  so  called  up  to 
recent  times,  was  thought  to  be  an  adulterated  palma-rosa  oil,  but  has 
been  proven  to  be  a  distinct  essential  oil,  distilled  from  a  different  species 
of  grass.     It  finds  apphcation  principally  in  scenting  soaps. 

Vetiver  OQ.  This  oil,  also  known  as  cus-<ni9,  kuaa  or  kus,  is  (me  of  the 
oldest  known  perfume  odors,  and  still  enjoys  great  popularity.  It  is  dia- 
distilled  from  the  root  of  Andropogon  muricatus  or  squarroaus,  an  East- 
Indian  grass.    The  oil  made  in  India  is  usually  distilled  with  sandalwood, 
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but  the  root  is  exported  and  worked  up  principally  in  European  factories. 
The  yield  of  oil  ranges  from  0.45  to  0.92  per  cent..  The  Reunion  oil  is  much 
inferior  in  odor  and  has  a  different  chemical  composition.  Even  the 
beat  oil  contains  some  constituents  having  a  disagreeable  odor,  furfural, 
diacetyl,  etc.  It  is  purified  chemically  and  may  then  be  used  in  perfumes 
of  the  highest  grade.  When  employed  in  very  small  proportions  it  gives 
a  most  charming  perfume  effect  and  the  fine  character  of  many  modem 
popular  odors  of  the  Oriental  type  is  due  to  this  constituent. 

LemtHigiasB  OQ.  Oil  of  lemongrass  is  of  great  value,  because  this 
contains,  as  previously  mentioned,  a  large  proportion  of  citral  CioHieO. 
Citral  is  not  only  one  of  the  active  principles  of  oil  of  lemon  to  which 
the  main  flavor  is  due,  but  may  be  chemically  converted  into  other  deriva- 
tives which  are  of  much  greater  value  in  perfumery.  Citral  may  be 
condensed  with  acetone,  by  any  alkaline-condensing  agent,  forming 
a  ketone  derivative  known  chemically  as  pseudo-ionone,  which  by  treat- 
ment with  acids  is  converted  into  ionone.  Many  isomeric  substances 
are  produced  commercially  and  find  extended  application. 

ICHUme.  Ionone  C13H20O  is  a  direct  derivative  of  the  benzene  series. 
The  acid  treatment  converts  the  chain  formula  of  the  aliphatic  series 
into  an  aromatic  derivative  by  closing  the  chain  into  a  benzene  ring. 
Ionone  exists  in  a  number  of  isomeric  forms,  each  of  which  has  a  slightly 
different  odor.  Many  derivatives  of  ionone  have  been  made.  The 
name"  ionone  "  having  been  trade-marked  at  the  time  the  oi^nal  patent 
(now  expired)  was  applied  for,  in  1893,  these  violet  ketones  are  marketed 
under  various  trade  names,  as  iovionol,  neovjolone,  ional  and  manj^others. 
This  has  caused  some  confusion  as  different  products  are  marketed  under 
the  same  name.  For  instance,  iralol  has  been  used  erroneously  for  ionone, 
but  properly  refers  to  methyl  ionone,  a  constituent  of  artificifd  orris  oil. 
The  conversion  of  pseudo-ionone  by  means  of  acid  gives  rise  to  many 
impurities  having  a  disa^eeable  odor.  Consequently  these  ketones  are 
on  the  market  in  all  pos^ble  qualities,  from  those  which  are  almost  useless, 
on  account  of  imperfect  purification,  to  products  which  have  a  charming 
floral  odor  and  are  applicable  for  the  finest  perfumery  purposes.  Ionone 
is  an  isomer  of  irone,  the  active  principle  of  the  essential  oil  of  orris  root. 

Onis  Oil.  Orris  root,  or  the  iris  of  Italy,  when  distilled,  yields  an 
essential  oil  containing  about  90  per  cent  of  myristic  acid  and  about  10 
per  cent  of  active  perfume  substances,  of  which  irone  CiaH2oO  is  the  main 
constituent.  An  absolute  orris  oil  free  from  the  fatty  acid  is  also  sold, 
being  from  8  to  10  times  as  strong.  Methyl  iovionol  or  iralol  Ci4H3aO 
is  a  basic  ketone  hfiving  a  very  sweet  and  powerful  orris  odor.  Other 
synthetic  orris  products  are  available  which  even  duplicate  the  valuable 
fixing  properties  of  the  root  and  are  entirely  free  from  the  odorless 
myristic  acid  found  in  the  natural  oil. 

A^let  Odors.  Ionone,  as  well  as  irone,  popularly  represents  the 
violet  odor,  but  as  a  matter  of  fact  many  other  substances  contribute 
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to  the  violet  perfume.  The  manufacturer  who  thinks  he  can  get  a  violet 
by  merely  dissolving  a  basic  ketone  like  ionone,  iovionol,  iralol,  irone 
OF  orris  oil  in  alcohol  is  doomed  to  disappointment,  because  the  other 
substances  are  missii^  which  contribute  the  life-like  character  and 
really  produce  the  complex  odor-effect  which  the  public  knows  as 
violet. 

lonone  bears  the  same  relation  to  the  violet  odor  aa  geraniol  does 
to  oil  of  rose.  Aloae  it  lacks  character  and  life.  Synthetic  violet-flower 
oils  are  used  in  enormous  quantities  and  may  be  had  in  all  shadings  of 
this  most  popular  flower  perfume;  even  the  so-called  "green"  odor  of  the 
leaf  has  been  reproduced  by  synthesis  with  entire  success. 

Casae  or  Acacia  Odors.  These  blossom  oils  belong  to  the  violet 
series,  but  contain  as  added  constituents  the  methyl  esters  of  salicylic 
and  methyl  salicylic  acids,  methyl-eugenol  and  other  bodies.  Both 
natural  and  synthetic  blossom  products  are  available,  which  are  used 
extensively  and  have  a  most  delightful  flower  perfume.  Mimosa  also 
belongs  to  the  cassie  type  perfumes. 

Sandalwood  Oil.  Oil  of  sandalwood  has  been  known  for  many  years 
and  has  always  been  highly  esteemed  in  the  Orient.  Sandalwood  itself  is 
an  ancient  constituent  of  incense,  and  the  trade  in  this  rare  wood  is  so  val- 
uable that  it  has  been  monopolised  by  the  Indian  government,  auction 
sales  being  held  at  regular  periods,  under  supervision  of  East-Indian 
ofBcers.  But  little  of  the  wood  is  distilled  in  the  Indies;  the  greater  part 
is  exported  to  Europe  and  America,  where  the  oil  is  produced  by  modem 
methods.  The  principal  portion  of  the  oil  is  known  as  aantalol,  a 
rather  complex  chemical  substance  which  is  both  alcoholic  and  aldehydic 
in  nature  and  consists  of  a  number  of  distinct  chemical  individuals. 

Santolol.  Santalot  is  much  more  valuable  to  the  perfumer  than  sandal- 
wood oil  because  it  represents  only  the  useful  portion  of  the  oil,  as  the  ill- 
smellii^  constituents  have  been  removed.  From  some  of  the  fractions 
oi  sandalwood  oil  the  writer  succeeded  in  isolating  portions  which  have 
odors  almwt  identical  with  certain  fractions  obtained  from  oil  of  patch- 
ouly,  showii^  that  these  oils,  produced  in  the  same  climate  by  a  tree-and 
herb  which  have  no  botanical  relation,  contain  dmilar  compounds. 

Cedar  OQ.  The  cedar-like  odor  of  oil  of  sandalwood  has  often 
led  to  its  adulteration  with  oil  of  cedar,  which  is  much  cheaper  and  may 
be  had  in  unlimited  quantities.  Much  cedarwood  oil  is  distilled  from  the 
sawdust  or  shavings  produced  in  manufacturing  lead  pencils.  A  finer 
grade  finds  a  limited  market,  being  used  in  microscopical  work. 

Juniper  Ofl.  Cedar  is  a  member  of  the  Juniper  family.  Juniper  berries 
and  their  oil  have  loi^  been  used  for  making  gin  and  for  flavoring.  The  ber- 
ries have  also  a  historical  interest  since  in  some  sections  of  Central  Europe, 
the  custom  prevails,  when  a  death  occurs  in  a  house,  of  roastii^  the 
berries  in  a  red-hot  pan,  so  as  to  have  the  odor  diffused  throughout  the 
rooms.    Apparently  this  is  a  tradition  which  has  been  handed  down 
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from  pagan  times,  since  juniper  berries  formed  part  of  the  aaorificial 
ofFerings  of  the  early  Teutons. 

Turpentine  Oil.  Juniper  oi)  cont&ina  a  considerable  proportion  of 
terpene  and  this  brings  us  to  the  field  of  turpentine  and  allied  products. 
Turpentine  is  a  widely  used  solvent  and  is  becoming  scarcer  each  year, 
BO  that  lately  even  the  old  stumps  have  been  utilized  to  produce  a  cheap 
grade.  While  not  a  perfume  material,  the  oil  is  certainly  an  essential 
oil  and  it  also  serves  as  a  source  for  some  constituentfi  of  our  most  valued 
flower  odors. 

Terpineol  and  Derivatives.  Turpentine  may  be  hydrated,  forming 
terpene  hydrate,  which  in  turn,  by  treatment  with  acids,  may  be  converted 
into  terpineol.  This  is  a  terpene  alcohol  which  exists  in  many  of  the 
finest  flower  oils,  though  in  numerous  modifications,  widely  varying  in 
physical  properties,  optical  rotation,  boiling-point  and  melting-point 
and  differing  just  as  widely  in  odor.  The  common  terpineol,  much  used 
as  a  soap  scent,  is  a  syrupy  oil  looking  like  glycerine.  .  Purified  products 
are  also  marketed  and  are  invaluable  in  fine  perfumery.  (Terpineol 
Blanc,  Muguet,  Muguet  Blanc,  Muguet  Ideal,  etc.)  Isomeric  modifica- 
tions of  terpineol  ore  present  in  lilac,  tuberose,  mimosa,  ylai^  ylang,  lily 
of  the  valley,  and  many  other  exquisite  flower  oils. 

Lilac-flower  Oils.  Terpineol  bears  the  same  relation  to  these  very 
popular  blossom  oils  as  geraniol  to  oil  of  rose.  Lilac  flowers  contain 
many  of  the  other  chemical  constituents  we  have  akeady  described. 
Lilac-flower  products  are  obtainable  in  many  shadings  of  this  odor  suitable 
for  many  different  purposes.  The  so-called  French  lilac  is  merely  a  varia- 
tion combining  lilac  and  hyacinth  odors. 

Eucalyptas  OQs.  In  Australia,  we  find  various  members  of  the 
Eucalyptus  family.  They  yield  oils  differii^  very  much  in  chemical  ' 
composition  and  odor,  and  the  exact  species  of  tree  from  which  the  oil 
was  obtained  should  always  be  mentioned.  The  ordinary  conmiercial 
eucalyptus  oil  owes  its  jnedicinal  effect  principally  to  a  body  chemically 
known  as  eucalyptol  or  cineol  CioHiaO.  Eucalyptol  is  widely  distributed 
throughout  the  essential  oils  in  small  proportion,  but  when  present  in  large 
proportion  as  in  eucalyptus  oil,  or  when  concentrated,  it  has  a  disagree-  ' 
able  taste  and  odor.  Consequently  its  use  has  decreased  considerably 
in  recent  years,  as  other  medicinal  bodies  have  been  found  which  are 
not  as  unpleasant. 

Pelargoniom  or  Geranium  Oil.  Oil  of  pelargoruum  is  one  of  the 
more  modem  oils  and  is  of  considerable  commercial  importance,  as  it  con- 
tains about  70  per  cent  of  terpene  alcohols,  that  is,  both  geraniol  and 
citronellol,  in  varying  proportions,  according  to  the  source.  It  shows  that 
the  same  plant  will  yield  other  chemical  substances  when  grown  in  different 
soils  or  climates.  A  number  of  varieties  of  pelargonium  or  geranium  aie 
distilled  in  Algeria  and  throughout  northern  Africa,  as  well  as  in  some  of 
the  French  islands,  especially  Reunion,  and  to  a  limited  extent  ia  SQijtbeiQ 
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I>Vance.  The  plaut  is  common  with  us  aa  a  house-plant,  and  b  known 
as  "  rose  geranium."  The  oil  is  used  in  perfumery  and  soap-making, 
and  olao  serves  as  the  source  of  the  valuable  terpene  alcohols,  which 
may  either  be  isolated  and  used  aa  such  or  changed  by  synthesis  into 
derivatives  having  a  much  higher  perfume  value.  The  so-called  Turkish 
fH"  East-Indian  geranium  oil  should  not  be  confused  with  these  pelar- 
gonium oils  as  it  is  distilled  in  the  East  Indies  from  one  of  the  grasses. 
See  under  palma^rosa  oil. 

Lavender  OIL  Oil  of  lavender  is  distilled  from  a  member  of  the 
mint  family,  and  while  quantities  are  produced  in  England,  the  bulk  of 
.  the  product  comes  from  southern  France.  French  lavender  oil  is  commonly 
valued  by  the  ester  content,  estimating  the  mixture  of  esters  aa  linalyl 
acetate.  The  so-called  Mitcham  or  I^lish  lavender  oil  contains  less 
ester  but  other  constituents  are  present  in  small  proportion  which  ^ve 
a  different  perfume  effect.  The  English  oil  commands  a  higher  price. 
This  is  again  an  instance  where  the  proportion  of  one  constituent  does 
not  determine  the  value  of  a  perfumery  product.  It  is  the  quality  of 
the  constituents  present  that  influences  the  value  of  the  oil.  Synthetic 
products  are  also  marketed  which  impart  a  similar  perfume  to  the  English 
oil. 

New  Flower  Perfumes.  Organic  synthe^  has  likewise  made  many 
other  flower  odors  commercially  available,  which  in  most  instances  have 
not  been  produced  from  the  flower  on  a  commercial  scale.  Among  the 
most  successful  we  may  mention  the  flower  oils  of  trailing  arbutus  or 
nuyflower,  cyclamen,  honeysuckle,  locust  blossom,  magnolia,  sweet-pea, 
phlox,  peony,  wallflower,  clematis,  many  tropical  orchids,  etc. 

These  are  merely  a  few  of  the  successes  of  organic  chemistry  which  has 
supplied  materials  that  have  not  been  commercially  made  from  the  plants. 
Many  others  are  manufactured  which  can  also  be  made  from  the  flowers, 
but  are  so  produced  only  to  a  limited  extent,  as  for  instance,  carnation 
pink,  hyacinth,  lilac,  mimosa,  etc. 

New  Odor  Effects.  While  discussing  the  subject  of  recent  advances 
in  this  field,  we  must  not  overlook  the  many  odor  effects,  made  possible  by 
chemical  research,  which  has  placed  entirely  new  substances  at  the  dis- 
posal of  the  modem  manufacturer  and  has  created  new  perfume  effects 
BO  welcome  to  the  public,  always  clamoring  for  something  novel. 

Clore  OIL  Cloves,  one  of  the  earliest  items  of  trade  between  the 
East  and  West,  contfun  such  a  large  proportion  of  oil  that  even  the  crudest 
methods  give  a  fair  yield.  Cloves  are  the  dried,  unopened  flower-buds  of  a 
beautiful  evergreen  tree.  Clove  oil  is  the  commercial  source  of  eugenol, 
which  chemically  is  allyl-methoxy-oxy-benzene  CioHiaOj.  This  is  present 
in  the  commercial  oil  to  the  extent  of  from  70  to  85  per  cent.  The 
other  constituents  are  of  no  commercial  importance.  Eugenol  may  be 
obtained  from  clove  oil  by  combining  it  with  an  alkali,  removing  the 
terpenes,  setting  free  the  eugenol,  and  vacuum  distilling.    Its  specific 
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gravity  increases  on  aging,  owing  to  the  formation  of  resinous  or  condensa- 
tion products.  Consequently,  a  perfectly  pure  material,  when  freshly  dis- 
tilled, will  have  a  slightly  lower  specific  gravity.  By  treatment  with 
alkalies,  eugenol  may  be  converted  into  iso-eugenol,  which  on  oxidatioa 
yields  v&nilline. 

Vanilline.  Chemicaily,"vanil!ine  C6Ha(OH)(OCH3)CHO  is  the  methyl 
ether  of  protocatechuic  aldehyde  and  forms  one  of  the  mfun  flavor- 
ing constituents  present  in  vanilla  beans.  Vanilline  alone,  however,  will 
not  duplicate  the  entire  flavor  of  vanilla,  as  it  merely  represents  one 
of  the  constituents  of  the  bean  flavor.  Vanilla  beans  contain  in  addition 
to  vanilline,  other  substances  to  which  the  fine  flavor  of  the  beans  is  prin- . 
cipally  due.  Popularly,  and  quite  erroneously,  it  has  been  thought  that 
the  resinouB  substances  which  are  present  contribute  to  the  flavor.  As  a 
matter  of  fact,  the  resinous  bodies  in  the  bean,  when  separated,  tenaciously 
hold  a  small  proportion  of  the  active  principles,  but  when  perfectly  pure, 
these  resins  have  practically  no  odor  or  flavorii^  value.  Synthetic  mate- 
rials are  available,  however,  which  duplicate  the  entire  flavor  of  the  finest 
beans  and  are  free  from  resins  or  tannins  which  contaminate  the  natural 
bean  flavor. 

Allspice  Oil  (or  Pimento).  Another  oil  which  contains  a  considerable 
proportion  of  eugenol  (65  per  cent)  is  the  oil  of  allspice  or  pimento,  official 
in  the  U.  S.  Pharmacopoeia.  It  is  used  principally  for  flavoring.  Most 
of  the  spices,  herbs  and  other  condiments  utilised  owe  their  flavoring 
value  to  essential  oils. 

Herb  and  Spice  Oils.  Among  these,  we  may  mention  the  oils  of  mace, 
nutmeg,  caraway,'  celery,  coriander,  cumin,  fennel,  ^ger,  marjoram, 
parsley,  ss^ge,  thyme,  and  pepper,  all  of  which  are  more  or  less  complex 
in  composition.     Space  does  not  allow  their  discussion  -a  detail. 

Cassia  Oil.  Another  spice  oil  of  importance  is  oil  of  cassia,  improperly 
called  in  the  U.  S.  Pharmacopoeia,  VIII  revision,  oil  of  cinnamon.  Oil  of 
casMa  owes  its  main  value  to  cinnamic  aldehyde  C«HsCH:CH.CHO, 
which  is  present  to  the  extent  of  about  80  per  cent.  Thb  aldehyde  is  also 
produced  by  synthesis  by  condensing  benzaldehyde  with  acetic  aldehyde. 

Cinnamon  Oil.  Ceylon  cinnamon  oil  is  worth  about  four  to  five  times 
as  much  as  oil  of  cassia.  It  has  a  finer  odor  than  casua,  and  while  the 
content  of  cinnamic  aldehyde  is  lower,  ran^ng  from  65  to  70  per  cent, 
other  constituents  are  present  which  influence  the  odor  considerably. 
For  this  reason,  Chinese  cassia  oil  and  Ceylon  cinnamon  oil  should  not  be 
confused  or  called  by  the  same  name.  The  odor  of  cassie  also  should  sot 
be  confused  with  casaa.  Cassie  b  a^  member  of  the  acatna  and  mimosa 
family  and  belongs  to  the  violet  group  of  odors.     See  Blossom  Oils. 

Peppeimint  ^L  While  speaking  of  the  aromatic  oils  used  as  condi- 
ments or  for  flavoring,  we  must  not  overlook  peppermint,  whic^.  ia 
produced  so  extensively  in  America.  Oil  of .  pei^rmint  owes  its  chief 
value  to  menthol,  an  alcohol,  having  the  formula  CiqHibOB,  and  aoow 
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of  the  esters  of  mentbol,  principally  menthol  acetate.  Japanese  oil 
of  peppermint  is  also  marketed  though  often  part  of  the  menthol  has 
been  previously  removed  from  it. 

Fruit  "  Ethers."  While  speaking  of  flavoring  oils,  we  should  correct 
a  popular  error  which  early  found  its  way  into  print  and  has  been 
repeated  many  times.  Over  forty  years  ago  it  was  noticed  that  the  esters 
of  the  fatty  alcohols  and  acids  had  a  fruity  character.  Old  formulas  have 
frequently  been  reprinted,  which  give  the  amateur  instructions  for  the 
manufacture  of  pear,  banana,  strawberry  and  other  fruit  oils  by  merely 
using  these  esters  (called  fruit  ethers)  in  combination  with  chemical  sub- 
stances which  should  not  be  used  in  food  products,  such  as  chloroform, 
etc.  When  we  consider  the  number  of  constituents  which  contribute 
to  the  perfume  of  flower  oils,  is  it  to  be  supposed  that  flavors  which  give 
aroma  to  the  fruits  would  be  less  complicated  in  composition?  It  is  no 
doubt  true  that  most  fruits  contain  a  small  proportion  of  these  fatty  esters, 
but  they  are  present  very  lai^ely  as  nature's  diluent.  They  bear  the  same 
relation  to  the  fruit  flavor  as  terpenes  do  to  oil  of  lemon  or  as  the  odorless 
benzyl  benzoate  to  the  other  substances  present  in  flower  oils  in  smaller 
proportion.  Hence  it'requires  equal  study  and  care  to  duplicate  synthet- 
ically any  of  the  fruit  flavors,  after  identifying  and  producing  the  bodies 
to  which  the  real  fruit  aroma  is  due.  Many  of  the  substances  present 
in  flowers  are  also  found  in  frdts.  Methyl  anthranilate  is  an  example. 
This  material  is  present  in  grapes  and  contributes  largely  to  the  flavor. 
The  same  is  true  of  phenylethyl  alcohol  and  its  esters,  which  are  more 
widely  distributed  in  fruits  than  is  commonly  supposed. 

Frmt  Oils.  Artificial  fruit  oils  are  now  commercially  available, 
which  imitate  the  natural  flavor  remarkably  well.  Among  the  more 
popular  flavors  marketed  we  may  mention  banana,  cherry,  wild  cherry, 
pear,  peach,  pineapple,  apricot,  raspberry,  strawberry,  etc.  Their  com- 
podtion  is  just  as  complex  as  that  of  the  blossom  oils,  and  the  fruits  con- 
tain many  of  the  same  constituents  as  the  flowers,  hut  in  widely  differing 
proportions.  These  pure  oils  should  not  be  confused  with  alcoholic  Unc- 
turea  often  maskerading  as  fruit  oils.  The  shrinkage  in  volume,  when 
mixed  with  water  will  give  an  indication  of  the  proportion  of  actual  oil 
present.  Or  apply  a  match  to  a  sample.  If  much  alcohol  is  present 
the  liquid  will  burn  readily.  Pure  oils  undiluted  with  spirit  do  not  easily 
ignite  from  a  match. 

Future  Advances  fA  Science.  Much  as  science  has  advanced  in  the  last 
few  decades  we  must  appreciate  that  oi^anic  chemistry  is  still  in  its  begin- 
ning. We  have  learned  a  great  deal.  We  have  found,  isolated,  and  repro- 
duced many  of  the  constituents  present  in  plants,  but  like  the  students  of 
biology,  before  powerful  microscopes  became  available,  we  wander  among 
undreamed-of  wonders.  Let  all  students  interested  in  industrial  chem- 
istry remember  that  every  successful  advance  of  the  future  must  be  founded 
on  Science.     Let  us  all  assist  in  buildii^  the  structure,  wilUngly  giving 
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our  beat  toward  the  ultimate  succese,  even  if  oiu-  individual  efforts  may 
be  forgotten  in  years  to  come. 
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CHAPTER  XXXII 

TURPENTINE  AND  ROSIN 

CHARLES  H.  HERTY 

Bdilor,  The  Journal  of  Induitrud  and  ErtffiTteeriTiQ  Chemistry 

The  limited  use  of  the  oleoresinous  exudate  of  pine  trees  dates  back 
many  centuries,  but  the  real  beginning  of  the  industry  on  a  lai^  scale 
is  closely  associated  with  the  discovery  of  the  vast  pine  forests  which 
extend  along  the  southeastern  and  southern  coaste  of  the  United  States 
from  North  Carolina  to  Texas. 

These  forests  lie  chiefly  in  the  coastal  plain  and  in  the  slightly  hilly 
country  between  the  Piedmont  plateau  and  the  coastal  pliun,  a  strip 
varying  in  width  from  100-200  miles  and  characterized  by  a  sandy  soil, 
covered  for  the  most  part  with  "  wire  grass,"  this  furnishing  a  beautiful 
carpet  of  green  in  Spring  and  Summer,  but  making  a  serious  fire  risk  in 
Winter. 

The  early  settlers  in  eastern  North  Carolina  began  the  exploitation 
of  their  forests  of  longleaf  pine  for  the  purpose  of  providii^  tar  and  piteh 
fat  use  in  the  construction  of  wooden  shipe,  and  gradually  extended  their 
operations  to  the  collection  of  crude  turpentine  which  was  shipped  to 
Northern  cities  or  England  for  distillation.  At  the  same  time  limited 
operations  were  being  conducted  upon  the  maritime  |nne  in  southwestern 
France  between  Bordeaux  and  Bayonne. 

Hettiods  of  Collection.  To  receive  the  crude  turpentine  the  French 
made  use  of  a  hole  dug  in  the  sand  at  the  base  of  the  tree.  The  oleoreain 
flowing  from  the  wound  on  the  trunk  above  was  collected  in  these  holes. 
Necessarily  by  this  method  much  of  the  material  was  wasted  and  rendered 
impure. 

.  Id  North  Carotina  the  method  of  collection  consisted  of  first  cut- 
ting a  lai^  opening,  the  "  box,"  in  the  base  of  the  tree,  this  box  serv- 
ing as  a  receptacle  for  the  crude  turpentine.  Each  box  is  then 
"  cornered,"  a  wide  chip  being  removed  from  each  half  of  the  box  to 
provide  a  surface  suitable  for  directing  the  flow  of  crude  turpentine  to 
the  box.  Meanwhile,  other  laborers  are  employed  in  clearing  all  com- 
bustible material  from  around  each  tree,  "  rakii^."  Ground  fires  are 
then  started  to  consume  the  dead  wire  grass,  chips,  ete.  With  the  open- 
ing of  Spring,  "  chippit^ "  b^ns.  This  consists  in  scarifying  each  ' 
week  the  trunk  of  the  tree  above  the  "  cornered  "  surface  by  means  of  a 
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"  hack,"  a  U-shaped  steel  tool  set  in  a  wooden  handle.  Attached  to  this 
handle  is  a  heavy  iron  weight  to  give  momentum  to  the  free  arm  swing 
used  in  chipping.  After  four  or  five  weeka  the  "  boxes  "  average  a  good 
filling  and  the  crude  turpentiue,  "  dip,"  is  then  transferred  to  buckets 
by  flat  iron  paddles,  and  from  the  buckets  it  is  collected  in  barrels  con- 
veniently placed  in  the  woods.  In  the  Fall,  at  the  end  of  the  chipping 
season,  the  hardened  oleoresin,  which  has  gradually  collected  during 
the  chipping  season  on  the  scarified  surface  of  the  tree,  is  removed  by 
scraping,  giving  thus  the  name  "  scrape  "  to  this  product,  which  is  sold 
as  "  Gum  Thus,"  or  distilled.  In  the  following  Winter  the  trees  aiC  again 
raked  and  the  grass  fired  and  in  the  Spring  chipping  is  resumed  at  the 
point  on  the  trunk  of  each  tree  where  it  ceased  the  previous  year.  This 
cycle  is  usually  continued  from  three  to  four  years,  although  in  early 
days  it  was  often  continued  ten  or  twelve  years,  the  scarified  surface  ex- 
tending high  on  the  trunks.  Necessarily  the  yield  from  such  high  chip- 
ping was  largely  decreased,  owing  to  the  increased  distance  of  flow  to  the 
receptacle. 

The  supply  of  available  timber  in  North  Carolina  rapidly  decreasing, 
operations  were  extended  to  the  virgin  forests  of  the  adjoining  state.  South 
Carolina.  The  center  of  the  industry  has  gradually  moved  southward 
and  then  westward. 

French  Improvements.  The  steady  growth  of  the  American  industry 
received  a  serious  check  during  the  Civil  War.  The  consequent  scarcity 
of  the  products  was  accompanied  by  an  abnormal  increase  in  their  value. 
This  enhanced  valuation  led  Huguee,  a  Frenchman,  to  propose  a  less  waste- 
ful method  for  the  French  forests  than  the  hole  dug  in  the  sand.  He 
proposed  as  a  substitute  a  clay  pot  holding  about  one  pint.  This  pot  was 
supported  on  its  bottom  by  a  large  nail  driven  into  the  tree  and  on  one 
side  of  its  upper  rim  by  a  strip  of  sheet  linc,  approximately  2  by  4  inches, 
slightly  curved  and  driven  into  a  corresponding  upwardly  inclined  cut  in 
the  wood.  This  spout  served  to  direct  the  oleoresin  into  the  pot.  At 
first  his  proposition  was  scoffed  at  and  the  peasants  amused  themselves 
by  breaking  the  little  pots.  It  is  a  pitiful  commentary  that  Hugues  died 
in  poverty,  but  bis  ideas  lived  and  gradually  became  adopted  in  France. 

American  Improvements.  As  the  knowledge  of  the  new  method  in 
France  spread  to  this  country,  numerous  efTorts  were  made  to  apply  similar 
forms  of  apparatus  to  the  American  system  of  chipping,  but  for  many 
years  such  efforts  failed.  No  less  than  fifteen  patents  were  issued  in  the 
United  States  on  this  subject,  but  no  one  of  them  proved  a  conmiercial 
success. 

Twelve  years  ^o  a  series  of  field  experiments  on  a  small  scale  in  the 
turpentine  forests  of  South  Georgia  was  b^un.  One  feature  of  these  ex- 
periments was  the  use  of  a  modification  of  the  Hugues  system,  consisting 
■  of  two  separate  metallic  gutters,  inserted  in  upwardly  inclined  cuta  in 
the  tree,  along  which  the  oleoresin  flows.     The  upper  and  shorter  gutter 
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is  separated  at  its  lower  end  about  1  inch  from  the  lower  gutter  and 
empties  into  it.  The  lower  gutter  extends  from  2  to  3  inches  beyond  the 
center  of  the  angular  scarified  surface  formed  in  chipping  and  serves  as 
a  Hpout  to  convey  the  oleoresin  to  a  cup  suspended  from  a  nail  just  below 
the  end  of  the  gutter.  These  cups  are  made  of  either  well-burned  clay  or 
galvanized  iron,  and  have  a  capacity  of  1  quart. 

Attracted  by  the  promising  character  of  these  preliminuy  experi- 
ments, the  United  States  Bureau  of  Forestry  b^an  a  series  of  field  tests 
of  the  apparatus  on  a  iaige  scale,  the  work  being  under  the  immediate 
supervision  of  the  writer.  Before  the  end  of  the  first  season  of  testing  it 
was  evident  that  the  apparatus  was  a  practical  success,  and  the  results 
attained,  both  as  to  quantity  and  quahty  of  oleoresin,  justified  the  hope 
of  immediate  commercial  introduction  of  the  system.  But  the  habit«  of 
long  years  made  difficult  the  adoption  of  such  an  innovation.  This  ultra- 
conservatism  was  slowly  overcome  and  the  adoption  of  the  new  system 
spread  rapidly.  Only  a  few  years  more  will  be  required  to  witness  the 
complete  replacement  of  the  "  box  "  by  the  "  cup  "  system  in  American 
foreste.  A  detailed  account  of  these  experiments  is  given  in  Bulletin  40 
and  Circular  34  of  the  United  States  Bureau  of  Forestry. 

With  the  main  points  at  issue  settled,  namely,  improved  yields  twth 
in  quantity  and  quality  of  the  products  and  preservation  of  the  trees, 
other  forms  of  apparatus  were  devised  to  meet  the  objections  of  some  of 
the  operators  to  certain  points  in  the  cup  and  gutter  system.  Many  of 
these  have  never  proved  practical,  but  some  have  been  introduced  on  a  con- 
siderable commercial  scale. 

The  United  States  Forest  Service  has  made  further  experiments  of 
more  conservative  treatment  of  the  trees  in  chipping.  Comparative 
studies  of  the  yield  from  deep  and  shallow  chipping  showed  that  the  latter 
gave  a  greater  yield  during  a  period  of  four  years  of  operation.  Other 
experiments  showed  that  a  less  rapid  rate  of  ascent  of  the  trunk  also  gave 
larger  yields,  and  experiments  combining  these  several  modifications  of 
present  practices  showed  a  largely  increased  yield.  A  final  set  of  experi- 
ments pointed  clearly  the  rational  way  to  a  perpetuation  of  the  naval  stores 
industry  in  America.  The  details  of  this  investigation  are  given  in  Bulle- 
tin 90  of  the  United  States  Forest  Service. 

The  Industiy  in  Other  CountrieB.  There  is  no  need  of  any  especial 
consideration  of  the  Spanish  industry,  which  has  developed  considerably 
during  the  past  decade.  The  operations  are  essentially  the  same  as  the 
French,  tuid  the  same  species  of  pine,  Pinus  Maritima,  is  exploited. 

In  Austria  the  industry  is  more  hmit«d  and  is  even  more  destructive 
than  by  the  old  American  system,  a  "  box  "  being  cut  in  the  base  of  the 
tree,  Pinus  Laricio,  and  the  trunk  of  the  free  scarified  for  at  least  50  per 
cent  of  its  circumference,  the  oleoresin  being  directed  towards  the  center 
of  the  scarified  surface  by  thin  wooden  strips  inserted  in  downward  cute 
in  the  tree. 
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In  Russia  the  chief  tree  exploited  ia  Ptnus  Sybfestria.  Climatic  condi- 
tions do  not  admit  of  the  usual  process  of  collecting  the  crude  turpentine 
at  regular  intervals.  Instead,  the  trees  are  scarified  in  Spring  over  a  space 
about  3  feet  h^  and  almost  encircling  the  tree.  During  the  year  a  mass 
of  hardened  rosin  collecte  on  this  surface.  In  the  Winter  it  is  scraped  from 
the  tree  and  distilled  for  ite  volatile  oil  and  redn.  This  process  is  repeated 
for  five  years.  The  tree  is  then  felled  and  the  resinous  portion  of  the  tree 
subjected  to  destructive  distillation.  In  other  districts  no  effort  is  made 
to  collect  the  rosin  from  the  trees  annually,  but  this  is  allowed  to  remain 
until  the  end  of  the  fifth  year  of  scarification.  The  tree  is  then  felled  and 
that  l»rt.  containing  the  rosin  distilled  first  at  a  low  temperature  to 
obtain  the  volatile  oil,  then  at  a  more  elevated  temperature  to  obtain  tar 
and  charcoal  by  destructive  distillation  of  the  wood. 

The  spirits  of  turpentine  from  Germany,  Sweden,  and  Finland 
seems  to  be  a  product  solely  of  the  destructive  distillation  of  resinous 
wood. 

The  production  of  naval  stores  in  India  and  other  tropical  countries 
is  at  present  carried  out  on  only  a  small  commercial  scale. 

Distillation.  In  the  early  days  of  the  North  Carolina  industry,  no  effort 
was  made  to  distill  the  product,  but  gradually  it  became  clear  that  it  would 
be  better  to  separate  the  crude  turpentine  into  spirits  of  turpentine  and 
rosin  by  distillation  in  the  woods.  For  this  purpose  iron  stills  were  used 
at  first,  but  results  were  unsatisfactory  until  the  introduction  of  copper 
stills,  which  were  less  liable  to  crack  and  could  be  heated  with  greater  uni- 
formity &ad  better  control. 

Only  slight  advances  in  this  art  have  since  been  made  in  America. 
The  uniform  process  consists  in  the  use  of  a  large  copper  kettle  and  con- 
densing worm.  The  chai^  for  a  distillation  averages  9  to  10  barrels  of 
crude  turpentine.  The  kettle  is  heated  by  free  flame  and  during  the 
distillation  a  small  stream  of  hot  water  from  the  top  of  the  condenser  tub 
is  admitted  through  an  opening  in  the  upper  part  of  the  kettle,  thus  facili- 
tating the  removal  of  the  volatile  oil.  The  condensed  spirits  of  turpentine 
and  water  separate  in  the  receiver,  owing  to  difference  in  specific  gravity, 
and  the  lighter  spirits  of  tiupentine  is  transferred  to  oak  barrels,  well 
coated  with  glue  on  the  inside.  No  effort  is  made  to  redistill  this  product, 
and  it  always  comes  upon  the  market  contaminated  by  a  small  amount 
of  resin  carried  over  mechanically  during  distillation.  After  most  of  the 
volatile  oil  has  passed  off,  the  still  cap  is  removed,  excess  water  in  the 
kettle  boiled  off,  and  the  molten  rosin  drawn  off  through  a  tap  in  the 
bottom  of  the  kettle  onto  a  coarse  wire  filter,  then  through  a  second 
filter  of  fine  mesh  wire  overlaid  with  cotton  batting.  The  molten  rosin  is 
then  dipped  into  wooden  barrels  luted  with  clay,  and  solidifies  on  cooling. 
In  this  condition  it  is  shipped  to  market. 

The  usual  method  of  controlling  the  distillation  is  by  the  sound  heard 
at  the  mouth  of  the  condenser  worm.'   Within.the  past  three  years  a  num- 
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ber  of  American  operators  have  substituted  for  this  method  that  of  ther- 
mometer control  with  very  excellent  results. 

In  France,  much  more  pn^ress  has  been  made  in  the  art  of  distillation. 
Among  the. French  distilleries  there  are  three  distinct  types:  first — a  system 
closely  resembling  the  American;  eecond — distillation  solely  by  steam  in 
steam-jacket ed  vessels;  and  third — a  mixed  system  in  which  there  is  direct 
contact  of  fire  with  the  kettle  during  the  first  stage  of  the  distillation, 
then  replacement  of  this  by  mixed  injection  of  steam  and  hot  water. 
By  this  means,  a  constant  temperature  is  maintained,  enabling  the  com- 
plet«  removal  of  all  spirits  of  turpentine  without  danger  of  scorching  the 
rosin. 

Crude  Turpentine  and  Its  Dlstillatkin  Prodocts,  The  oleoresin, 
crude  turpentine,  as  it  first  issues  from  the  wounded  tree  is  a  limpid  viscous 
liquid.  Crystallization  of  the  contained  acids  soon  begins  and  the  mass 
finally  becomes  a  crystal  broth.  The  composition  of  this  mass  as  deter- 
mined on  a  10-barrel  ohiu^  at  the  still  showed: 

Spirits  of  turpentine 19.57  per  cent 

Rosin 66.64       " 

Impurities,  chps,  sand,  etc 4.67       " 

Water  (deterafiined  by  difference) 9.12       " 

Total 

100.00       " 

The  "  scrape  "  collected  from  the  -scarified  faces  of  the  trees  at  the 
end  of  the  chipping  season  showed  an  average  of  about  one-half  the 
content  of  spirits  of  tiu*pentine  as  compared  with  crude  turpentine. 

The  volatile  oU,  spirits  of  turpentine,  consisting  largely  of  pinene,  when 
freshly  distilled  from  "  virgin  "  gum  has  a  pleasant  fragrant  odor,  which 
readily  changes  to  a  sharp  pungent  odor  under  the  oxidizing  action  of 
exposure  to  atmospheric  oxygen. 

No  definite  physical  constants  can  be  given  for  spirits  of  turpentine, 
as  variations  occur  due  to  preponderance  of  the  crude  turpentine  in 
collection  from  the  species  of  pines  under  operations.  In  America  tliese 
are  Pitius  Palustris  (Longleaf  pine)  and  Finns  Reterophylia  (Cuban  or 
Slash  pine).  Even  in  the  same  species  marked  variations,  especially 
of  the  optical  rotations,  have  been  found. 

The  specifications  for  spirits  of  turpentine  as  issued  by  the  United 
States  Navy  Department  are  as  follows: 

Kavy  Depaimtent  SpeciflcationB 

Turpentine 

1.  General  Specijications.  General  Specifications  for  Inq>ection  of 
Material,  issued  by  the  Navy  Department,  in  effect  at  date  of  opening  of 
bids,  shall  form  part  of  these  specifications. 
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2.  Quality.  The  turpentine  shall  be  (a)  either  a  propn'ly  prepared 
distillate  from  pine  oleoresins,  commonly  known  as  gum  turpentine  or 
spirits  of  turpentine;  or  (b)  that  obtained  from  resinous  wood  by  extraction 
with  volatile  solvents,  by  steam,  or  by  destructive  distillation,  and  com- 
monly known  as  wood  turpentine. 

3.  Appearance.  The  turpentine  shall  be  clear  and  free  from  suspended 
matter  and  water. 

4.  Cdor.  The  color  of  the  turpentine  shall  be  such  that  a  depth  of 
not  less  than  50  mm.  shall  approximately  match  a  No.  1  Lovibond  glass. 
This  color  is  recognized  as  "  standard  "  in  the  naval  atores  trade,  and 
shall  be  determined  as  follows: 

Method.  Fill  a  200-uim.,  perfectly  flat-bottom  colorimetric  tube, 
graduated  in  millimeters  to  a  depth  of  from  40  to  50  mm.,  with  the  turpen- 
tine to  be  examined.  Place  the  tube  in  a  colorimeter  and  place  on  or  under 
it  a  No.  2  yellow  Lovibond  glass.  Over  or  under  a  second  graduated  tube 
in  the  colorimeter  place  a  No.  1  yellow  Lovibond  glaae,  and  run  in  the  same 
turpentine  until  the  color  matches  as  nearly  as  possible  the  color  in  the 
first  tube.  Read  the  difference  in  depth  of  the  turpentine  in  the  two  tubes. 
If  this  difference  is  50  mm.  or  more,  the  turpentine  is  "  standard." 

5.  Specific  Gramty.  The  specific  gravity  of  the  turpentine  shall  be  not 
less  than  0.862  nor  more  than  0.S72  at  15.5°  C. 

6.  Refractive  Index.  The  refractive  index  shall  be  not  lees  than 
1.468  nor  more  than  1,478  at  15.5°  C. 

7.  Initial  Boiling-point.  The  initial  boiling-point  shall  be  not  less  than 
150'  nor  more  than  160°  C. 

8.  DiMlation.  Ninety  per  cent  of  the  turpentine  shall  distill  below 
170°  C. 

MiTTROD.  Use  an  ordinary  Engler  fiask  and  condenser,  and  heat  the 
flask  by  placing  it  in  a  glycerin  or  oil  bath  of  the  general  type  described 
in  Bulletin  No.  135,  Bureau  of  Chemistry.  Fit  the  flask  with  a  thermom- 
eter reading  from  145°  to  200°  C.  in  such  a  way  that  the  mercury  bulb 
shall  be  opposite  the  side  tube  of  the  fiask  and  the  175°  mark  below  the 
cork.  Place  100  cc.  of  the  turpentine  to  be  examined  in  the  flask,  con- 
nect with  the  condenser,  insert  stopper-bearing  thermometer,  Beat  the  oil 
bath,  and  conduct  the  distillation'  so  that  the  distillate  passes  over  at  the 
rate  of  2  drops  per  second.  Note  the  initial  distilling  temperature  and  the 
percentage  distilling  below  170°  C. 

9.  Polymerization.  The  polymerization  residue  shall  not  ^cceed  2 
per  cent,  and  its  refractive  index  at  15.5°  C.  shall  not  be  less  than  1.500. 

Mbtbod.  Place  20  cc.  of  exactly  38/N  (100.92  per  cent)  sulphuric 
acid  in  a  graduated,  narrow-neck  Babcock  flask,  stoppered,  and  place  in 
ice  water  and  cool.  Add  slowly  5  cc.  of  the  turpentine  to  be  tested. 
Graudally  and  carefully  mix  the  contents,  cooling  from  time  to  time,  and 
not  allowing  the  temperature  to  rise  above  about  60°  C.  When  the 
mixtiue  no  longer  warms  up  on  shaking,  agitate  thoroughly,  and  place  the 
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bottle  in  a  water  bath  and  beat  from  60°  to  65°  C.  for  about  10  minutes, 
keeping  tbe  contents  of  the  flask  thoroughly  mixed  by  vigorous  shaking 
five  or  six  times  during  the  period.  Do  not  stopper  tbe  fiask  after  the 
turpentine  has  been  added,  as  it  may  explode.  Cool  to  a  room  tempera- 
ture, fill  tbe  flask  with  concentrated  sulphuric  add  until  the  unpolymerized 
oil  rises  into  the  graduated  neck.  Centrifuge  at  about  1200  revolutions 
per  minute  from  4  to  5  minutes,  or  allow  to  stand  for  12  hours.  Read 
unpolymerized  residue,  notice  its  consistency  and  color,  and  determine  its 
refractive  index. 

10.  Flash-point.  The  turpentine  shall  not  flash  below  34°  C.  when 
tested  in  an  Abel's  closed  tester. 

11.  Basis  (^  Purchase.  Turpentine  will  be  purchased  by  the  commer- 
cial gaUon. 

12.  Determination  of  Quantity,  (a)  Caiificate.  Turpentine  delivered 
in  barrels  shall  be  accompanied  by  an  official  gauger's  certificate  when- 
ever practicable.  Such  deliveries  will  be  accepted  for  the  number  of  gal- 
lons shown  on  certificate,  unless  there  is  evidence  of  loss  by  leakage  or 
other  shortage  in  transit,  in  which  case  the  number  of  gallons  in  short 
barrels  shall  be  checked  at  the  delivery  point. 

(6)  WetgfU.  Turpentine  dehvered  in  5-gaUon  oans  or  in  barrels, 
when  not  accompanied  by  an  official  certificate,  will  be  checked  by  weight. 
When  deliveries  are  made  in  cans  the  gross  weight  of  10  per  cent  of 
the  total  number  of  cans  shall  be  taken  to  determine  the  average  gross 
weight;  the  tare  weight  of  1  per  cent  of  the  total  number  of  cans  shall 
be  taken  to  determine  the  average  tare  weight;  and  the  total  net  we^ht 
delivered  will  be  obtained  from  the  average  wei^t  thus  found.  When 
deliveries  are  made  in  barrels  10  per  cent  of  the  total  number  of  barrels  will 
be  taken  to  verify  the  net  weight  delivered;  and  if  the  markings  are  found 
incorrect  the  whole  dehvery  will  be  checked  at  the  contractor's  expense. 
Tbe  number  of  pounds  per  gallon  shall  be  determined  by  multipljnng  the 
specific  gravity  of  the  turpentine  at  15.5°  C.  by  S.33  pounds,  the  weight 
of  1  gallon  of  water  (231  cubic  inches)  at  15,5°  C;  and  the  number  of 
gallons  delivered  will  be  obtained  by  dividing  the  total  net  weight  by  the 
number  of  pounds  per  gallon. 

Containers 

13.  General.  Turpentine  shall  be  dehvered  in  5-gallon  tin  cans,  packed 
two  cans  per  case,  or  in  barrels,  as  required. 

14.  Cans  and  Cases.  Cans  and  cases  shall  be  in  accordance  with  the 
latest  issue  of  Navy  Department  Specifications  for  Five^allon  Tin  Cans 
and  Shipping  Cases. 

15.  Barrels.  Barrels  shall  be  made  of  oak  or  other  suitable  hardwood, 
thoroughly  kiln  dried,  and  shall  conform  in  all  respects  to  the  require- 
ments of  Shipping  Container  Specification  No.  10  of  the  Interstate  Com- 
merce Commission. 
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16.  Marking,  (a)  Cans.  Each  can  Bhall  be  labeled  with  the  name  ill 
the  material,  the  quantity  contained,  and  the  name  of  the  manufacturer. 

(b)  Caaea.  Each  case  Bhall  be  marked  with  the  name  of  the  material, 
the  name  of  the  contractor,  and  the  contract  or  requisitioD  number  under 
which  delivery  is  made. 

(c)  Barrels.  Each  barrel  shall  be  marked  with  the  name  of  the 
material,  the  poas,  tare,  and  net  weights,  the  name  of  the  contractor, 
and  the  requisition  or  contract  number  under  which  deUvery  is  made. 

Specifications,  where  obtainable. 

Note.  Copies  of  the  above  specifications  can  be  obtained  upon  ap- 
plication to  the  Bureau  of  Supplies  and  Accounts,  Navy  Department, 
Washington,  D.  C. 

References.    C.  4  R.,  Z52T2b-M,  May  29,  1917;  S.  &  A.,  380-868. 

The  rosin,  left  after  removal  by  steam,  pf  the  volatile  oil  varies  m 
ocdor  from  a  very  deep  red  to  a  light  yellow.  The  lighter  the  color  the 
more  valuable  the  rosin,  as  indicated  by  the  daily,  market  quotations  of 
these  different  grades  of  rosin. 

The  bleaching  of  the  l^hter  shades  by  prolonged  exposure  to  direct 
sunlight  is  carried  out  in  France  on  a  large  scale.^  The  deepening  of  the 
color  of  rosin  is  due  primarily  to  the  oxidizing  action  of  the  atmosphere, 
and  the  contamination  of  the  fresh  oleoreain  as  it  flows  over  the  already 
oxidized  material  adhering  to  the  scarified  surface  <A  the  tree. 

Roein  is  composed  chiefly  of  acids,  such  as  abietic  acid,  CisHssOa, 
approximately  94  per  cent  and  so-called  unsaponifiable  matter,  "Reeene," 
f^iproximately  6  per  cent.  The  acid  number  of  rosin  varies  with  differ- 
ent samples,  but  is  approximately  160,  while  the  so-called  ester  number 
is  approximately  7. 

Roein  has  no  definite  melting-ptunt,  beginning  to  soften  about  70'  C 
Its  specific  gravity  is  approximately  1.07. 

Wood  Spirits  of  Turpentine.  Among  the  various  departments  of  the 
naval  stores  industry  in  America  none  has  had  a  more  varied  and  interest- 
ing career  than  that  of  the  production  of  "  wood  spirits  of  turpentine  "  by 
destructive  distillation  of  resinous  wood.  Years  ago  considerable  capital 
was  invested  in  plants  for  utilizing  the  by-products  formed  during  the 
destructive  distillation  of  "  fat  lightwood."  None  of  the  plants  were 
commercially  successful  and  for  a  while  nothing  was  heard  of  the  industry. 
But  with  the  increase  in  price  of  spirits  of  turpentine  resulting  from  the 
formation  of  the  Turpentine  Operators  Association  in  1002,  a  fresh  impetus 
was  given  to  the  "  wood  spirits  of  turpentine  "  industry.  At  first  somewhat 
crude  methods  of  destructive  distillation  were  advocated,  and  as  the  pro- 
moters of  this  industry  appealed  largely  to  local  interest  in  having  stumps 
for  distillation  removed  from  the  fields  suitable  for  cultivation,  a  double 
impetus  was  received.  Much  enthusiasm  was  aroused,  and  a  number 
of  plants  constructed.  But  the  industry  received  a  serious  blow  in  t^ 
refusal  of  the  varnish  makers  to  use  the  impure  "  nood  spirits  of  turpen- 
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tine  "  manufactured,  by  the  failure  to  find  a  market  for  many  of  the 
heavier  oils  and  the  coke,  and  by  the  destructiou  by  fire  of  many  of  the 
improperly  constracted  plants. 

The  price  of  spirita  of  turpentine  continued  to  rise  and  led  to  the 
development  of  the  Bteam  extraction  process  for  manufacture  of  wood 
spirits  of  turpentine.  After  thorough  grinding,  the  wood  is  treated  in 
iron  retorts  with  steam,  and  the  volatile  oil  distilled,  no  effort  being  made 
to  obtain  any  other  product.  By  one  redistillation  of  the  product  a  very 
high  grade  spirits  of  turpentine  is  obtained,  equal,  if  not  superior,  to  that 
from  the  living  tree.  Unfortunately,  the  yield  is  not  sufficiently  large  to 
make  the  process  rranunerative. 

Quite  a  different  process  is  employed  by  those  plants  which  utilize  a 
bath  of  molten  rosin  for  removal  of  the  spirits  of  turpentine  from  tbe  wood, 
with  subsequent  distillation  of  the  volatile  oil  from  this  bath.  Sudi 
I^ants  seem  to  have  met  with  a  fair  measure  of  success. 

More  recently,  ertraction  processes  have  been  developed  which  employ 
low-^wiling  petroleum  products  as  the  extractive.  Such  plants  recover 
both  the  spirits  of  tuipentine  and  the  rosin  from  the  groimd  wood,  and 
have  a  great  advantage  in  the  present  very  high  value  of  rosin.  These 
plants  are  also  utilizing  the  refuse  from  the  straining  <A  rosin  at  the  dis- 
tilleries in  the  woods,  a  product  formerly  burned  on  the  waste  piles,  but 
now  bringii^  nineteen  dollars  per  ton.  This  method  is  adding  a  consider- 
able amount  to  the  lumual  output  of  roein. 

The  most  recent  development  is  a  plant  for  destructive  distillation 
of  wood  in  retorts  heated  by  jackets  filled  with  high-boiling  petroleum 
fractions.  By  this  means  the  fire  risk  is  practically  completely  eliminated 
and  the  results  indicate  that  by  means  of  the  complete  and  ready  tempera- 
ture control  of  the  oil  jacket  laiger  yields  of  better  products  can  be  obtained. 

Annual'  Production  of  Naval  Stores.  No  subject  connected  with  the 
naval  stores  industry  admits  of  so  little  accuracy  of  statement  as  does  that 
of  statistics  on  the  total  annual  production.  The  most  careful  estimates 
are  at  best  only  approximations.  This  is  unfortunate,  for  in  the  past 
it  has  frequently  led  to  speculative  manipulations  of  the  market  and  the 
temporary  estabhshment  of  values  which  had  no  Intimate  basis  depending 
on  supply  and  demand. 

The  following  table  of  annual  production  in  normal  times  is  given, 
therefore,  as  an  approximation  only,  but  it  is  believed  to  be  a  reasonably 
accurate  approximation: 
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Future  of  tbe  Industry.  Duriog  the  past  few  yeare  the  statement  has 
frequently  been  made  that  from  present  indicatiODs  the  naval  stores  indus- 
try must  cease  to  exist,  at  least  as  a  large  industry,  within  the  next  twenty 
years.  While  it  is  true  that  there  are  danger  signals  which  must  be 
heeded,  such  pessimistic  views  do  not  seem  to  be  well  grounded. 

Certainly  in.  France  and  consequently  in  Spain,  where  the  same  system 
is  in  operation,  the  industry  has  been  placed  upon  a  self-perpetuating  basis. 

In  America  we  have  been  prodigal  with  our  wealth  of  virgin  forest 
But  it  must  be  remembered  that  until  the  last  decade  these  forests  have 
had  a  very  low  commercial  valuation.  The  average  price  for  well  timbered 
lands  in  our  Southern  States  not  many  years  ago  was  approximately  one 
dollar  per  acre,  land,  timber,  and  aU.  Indeed,  the  popular  term  applied 
to  all  holders  of  lai^  tracts  of  such  lands  was  "  land  poor,"  as  expense  <A 
taxation,  protection,  etc.,  exceeded  any  hope  of  probable  profit.  This 
condition  was  largely  due  to  lack  of  transportation  facilities,  insecurity 
of  title,  low  price  of  naval  stores  and  lumber,  lack  of  knowledge  of  the 
farming  value  of  much  of  the  land  on  which  these  forests  stood,  and  the 
belief  that  the  forests  were  inexhaustible. 

Now  conditions  have  entirely  changed.  Railroads  penetrate  every 
portion  of  the  territory,  titles  have  been  cleared,  prices  of  naval  stores 
have  brought  wealth  to  the  operators,  the  lumbermen  from  Mich^an, 
Wisconsin,  and  other  Northern  States  have  turned  from  the  rapidly  dis- 
appearing white  pine  forests  of  the  North  to  those  of  the  Southern  yeUow 
pine;  where  forests  once  stood  farms  have  been  developed  which  surpass 
in  fertiUty  any  other  portion  of  the  Southern  States,  and  a  clear  knowledge 
has  been  gained  that  the  forests  are  by  no  means  inexhaustible.  Further- 
more, the  spirit  of  conservation  of  natural  resources  has  made  itself  felt 
in  this  field  as  well  as  in  those  of  minerals,  water-power,  etc. 

The  consequence  of  these  changes  has  been  a  very  rapid  enhancement 
in  the  value  of  such  holdings.  And  with  increased  valuation  ctnnes  natur- 
ally the  desire  to  protect  and  use  conservatively.  Unquestionably,  t^e 
stand  of  vii^in  forest  will  still  further  diminish,  for  the  demand  for  ffurm 
lands  is  active,  the  call  for  lumber  imperative,  and  the  danger  of  tropical 
storms  along  the  Gulf  Coast  ever  present.  With  such  diminution  in 
supply  will  come  still  further  enhancement  in  values  and  stiU  more  con- 
servative  methods  of  operation. 

So  much  for  the  present  stand  of  virgin  forest.  If  the  situation  was 
limited  to  this  alone,  the  outlook  might  be  considered  gloomy.  But  it 
must  be  remembered  that  there  are  vast,  tracts  of  cut-over  lands  in  portions 
of  the  Southern  States  whose  clay  sub-soil  lies  so  deep  that  the  lands  are 
not  Buit«d  to  agriculture.  On  such  lands  the  longleaf  pine,  with  its  long 
tap  root,  prospers.  Mf^nificent  forests  once  covered  every  acre  of  such 
lands  and  fortunately  tree  planting  is  not  required  to  reproduce  such 
forests.  Nature  alone  will  again  cover  this  territory  with  a  wealth  of 
forest,  provided  nature  is  given  an  opportunity;  for  the  most  superficial 
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obeenrer  who  travels  through  this  territory  will  testify  that  where  condi- 
tions have  been  favorable  natural  reproduction  has  brought  ^ain  splendid, 
though  small,  young  forests. 

Against  this  willingness  of  nature  to  restore  this  rich  heritage  to  us, 
stand  three  agencies. 

Firsf,  and  of  least  importance:  The  consumption  by  hogs  of  the 
delicately  Savored  and  nutritious  feed  of  the  longleaf  pine:  This  is  a  real 
factor  in  certain  somewhat  restricted  districts.  The  constantly  spreading 
sentiment  for  "  stock  taws  "  will  check  this  evil. 

Second,  and  of  the  very  greatest  importance:  The  destructive  action 
of  the  ground  fires,  which  annually  sweep  over  the  entire  turpentine  belt. 
Such  fires  destroy  the  myriads  of  young  seedlings  which  can  readily  be 
seen  springing  up  in  the  wire  grass  which  surrounds  them  on  every  side. 
The  seedling  devotes  the  greater  part  of  its  early  energies  to  sending  down 
its  long  tap  root  through  the  deep  sands  rather  than  to  strengthening  its 
stalk  above  ground;  hence,  in  most  cases,  it  is  not  able  to  withstand  the 
constantly  recurring  ground  fires.  The  doctrinaire  may  rail  against  the 
evils  of  such  firing  of  the  woods,  but  from  one  who  has  lived  among  the 
turpentine  camps  there  comes  no  word  of  reproach  against  the  turpentine 
operator  who  "  bums  the  woods."  His  all  is  invested  on  the  outer  surface 
of  his  trees.  A  serious  outbreak  of  fire  during  midseason  means  financial 
ruin.  The  carelessness  and  sometimes  viciousness  of  laborers  is  too 
serious  a  risk  to  run  with  a  mass  of  dead  wire  grass  covering  every  foot 
of  his  territoiy.  Naturally  he  protects  himself  by  burning  this  grass 
when  he  is  prepared  for  it,  after  "  raking  season." 

Where  then  is  the  hope  for  reforestation?  In  the  realization  of  the 
value  of  the  waste  cut-over  lands  where  turpentine  operations  cannot 
be  carried  on  for  lack  of  timber.  8uch  lands  have  now  but  little  value, 
but  the  lesson  of  France  shows  that  even  there  a  reasonable  income  begins 
from  artificial  reproduction  within  a  period  of  twenty  years  and  then  rapidly 
increases.  With  our  warm  Southern  climate  the  prospect  for  rich  returns 
from  such  investments  should  be  even  greater  than  in  France. 

Third.  The  greed  of  man.  If  we  are  to  have  a  self-perpetuating 
industry,  even  stock  laws  and  the  reforestation  of  waste  lands  will 
not  avail  if  a  practice  on  the  part  of  turpentine  operators  during  the  past 
two  years  continues.  The  abnormally  high  price  of  spirits  of  turpentine 
a  few  years  ago  led  to  a  wild  scramble  for  timber  for  increased  operations. 
At  the  same  time  the  efiiciency  of  the  "  cup  "  system  was  just  gaining  wide 
recf^piition.  Realizing  that  a  tree  too  small  to  have  a  "  box  "  cut  in  it 
could  be  worked  with  a  cup  hung  upon  it,  the  operators  throughout  the 
whole  repon  proceeded  to  cup  every  small  tree  to  which  access  could  be 
gained.  In  many  cases  new  farms  were  opened  on  old  abandoned  terri- 
tory where  natural  reproduction  had  furnished  thrifty  young  forests.  The 
result  was  overproduction  of  crude  turpentine.  The  temporary  benefit 
to  the  consumers  in  the  drop  in  values  following  this  overproduction  was 
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dearly  bou^t,  for  the  price  was  the  destruction  of  young  forests  which, 
m  time,  should  have  produced  their  full  share  of  the  world's  need  of  spirits 
of  turpentine  and  rosin.  Common  sense  must  and  will  govern  in  this 
matter.  It  is  only  necessary  for  the  operators  to  realize  that  the  yield 
from  such  saplings  does  not  meet  the  cost  of  production,  titen  the  practice 
will  cease. 

Surely  the  iA>ove  considerations  justify  an  optimistic  view  of  the  future 
of  the  naval  stores  industry.'  But  experiment,  demonstration,  statistics, 
and  knowledge  of  progress  made  in  other  lands,  must  lead  the  way  for  the 
man  in  the  woods. 
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CHAPTER  XXXm 

RESINS,  OLEO-RESINS,  GUM-RESINS,  AND  GUMS 
ALLEN  ROGERS 

Sottree.  These  products  are  all  derived  from  exudations  of  plants 
and  as  a  rule  are  oxygenated  bodies.  When  mixed  with  certain  per- 
centages of  the  natural  essential  oil  accompanying  them,  they  are  known 
as  oleo-resins  or  balsams.  If  mixed  with  mucilaginous  matter  they 
are  harder  and  known  as  gum-resins.  Gums  are  amorphous  bodies 
which  either  dissolve  in  or  gelatinize  with  water,  but  they  are  insoluble 
in  alcohol.  True  r^ins  are  distinguished  from  gums  in  that  they  are 
all  insoluble  in  water,  free  from  odor  or  taste,  form  compact  masses, 
and  are  usually  of  an  aldehydic  or  acid  nature.  Fosnl  re«ns  are  generally 
found  in  the  earth  in  the  form  of  irregular  lumps,  often  containing  perfect 
specimens  of  fossil  insects  and  leaves. 

Amber.  Amber  is  a  fossil  resin  occurring  as  small  masses  in  alluvial 
deposits  in  various  parts  of  the  world.  According  to  Goefert  it  repre- 
sents the  resinous  exudation  from  about  fifty  different  kinds  of  coniferous 
trees.  It  is  found  chiefly  in  Prussia  along  the  shores  of  the  Baltic  where 
it  is  thrown,  up  by  storms;  or  in  some  locahties  it  is  even  mined.  Large 
deposits  also  occur  in  some  of  the  lakes  on  the  eastern  coast  of  Cour- 
land.  Small  deposits  have  been  found  in  New  Jersey  and  Maryland 
but  not  of  sufficient  magnitude  to  be  of  commercial  unportance.  The 
largest  smgle  mass  of  amber  ever  reported  weighed  13  lbs.  It  is  usually 
associated  with  lignite  and  often  contains  the  fossil  remains  of  insecta 
and  vegetation. 

Amber  is  a  brittle  soUd,  pennanent  in  the  air,  and  susceptible  to  a 
very  high  polish.  By  apphcation  of  friction  it  becomes  negatively  eleo- 
trified.  Its  color  is  usually  from  light  to  deep  brownish  yellow,  althou^ 
sometimes  a  reddish  brown  or  bluish.  Tasteless  and  odorless  when  cold, 
it  gives  off  a  peculiar  aromatic  odor  when  heated.  It  is  generally  trans- 
lucent, though  sometimes  transparent  or  opaque.  Water  or  alcohol  have 
litUe  effect  on  it.  When  heated  in  the  air,  it  softens  and  finally  melts 
at  286°  C.,  which  property  makes  it  of  value  in  the  manufacture  of  varnish. 
From  its  distillation  several  products  result,  among  them  succinic  acid, 
esters,  and  oil  of  amber.  Amber  is  used  in  making  high-grade  varnish, 
as  well  as  extensively  in  the  manufacture  of  tobacco  pipe  8t£ms  and 
Articles  used  for  ornamental  purposes. 
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Animfi.  The  mibstaDce  known  as  gum  aninU  is  a  resin  supposed 
to  be  derived  from  the  Hymeruea  CourbttrU,  a  leguminous  tree  of  South 
America.  The  reran  exudes  from  wounds  in  the  bark  and  is  also  found 
under  ground  between  the  principal  roota.  It  occius  in  small  irregular 
pieces  of  a  pale  yellow  color,  sometimes  of  reddish  cast.  It  softens  in 
the  mouth,  and  when  in  a  powdery  condition  adheres  to  the  fingers.  It 
readily  melts  on  being  heated,  giving  off  an  agreeable  odor.  It  consists 
of  a  small  amount  of  volatile  oil  and  two  resins,  one  being  soluble  in 
cold  alcohol  and  the  other  insoluble.  Anim^  was  formerly  used  to  quite 
an  extent  in  the  preparation  of  ointments  and  plasters;  but  at  present 
is  only  employed  as  incense  or  in  the  manufacture  of  varnish. 

Burgundy  Pitch.  When  incisions  are  made  in  the  Norway  Spruce 
a  sap  exudes,  which  is  collected  in  small  troughs,  or  holes  dug  at  the 
foot  of  the  tree.  It  is  purified  by  filtering  through  straw  and  allowed 
to  harden,  subsequently  being  boiled  with  water  to  remove  the  vol&Ute 
ofl. 

Copai.  This  is  a  resinous  substance  derived  from  the  exudation 
of  several  varieties  of  trees  indigenous  to  the  East  Indies  and  South 
America,  as  well  as  parts  of  Africa,  the  Philippine  Islands,  and  other 
places.  The  gum  is  sometimes  taken  directly  from  deposits  on  the  tree 
or  is  found  imbedded  in  the  earth.  That  variety  of  copal  known  in 
commerce  as  Chan  Zanzibar  is  found  usually  under  ground.  Another 
variety  with  indented  goose-flesh  surface,  known  in  the  English  market 
as  anim^,  is  dug  from  the  earth. 

Copal  varies  in  appearance  and  properties  depending  upon  the  source 
from  which  it  is  derived.  It  appears  in  roundish,  irr^^ular,  or  flattish 
pieces,  often  with  a  rough  indented  surface  due  to  sand .  impressions 
while  it  was  in  a  soft  condition.  In  color  it  ranges  from  colorless  to 
yellowish  brown;  it  is  more  or  less  transparent,  very  bard,  odorless, 
tasteless,  and  has  a  specific  gravity  of  from  1.045  to  1.130.  It  is  insoluble 
in  alcohol,  partly  soluble  in  ether,  and  slightly  soluble  in  oil  of  turpen- 
tine. When  heated  it  melts,  giving  off  gases  to  the  amount  of  15  to 
20  per  cent  of  its  weight.  Its  properties  are  changed  by  this  treatment 
80  that  it  becomes  more  soluble  in  alcohol,  ether,  and  oil  of  turpentine 
This  characteristic  renders  it,  like  other  resins,  suitable  for  the  prep- 
aration of  varnish. 

Dammar.  This  is  a  redn  which  exudes  in  drops  from  a  coniferous 
tree,  Agathta  lioranthifolia,  and  is  collected  after  it  dries.  It  is  soluble 
in  essential  oils,  in  benzol,  and  to  a  slight  degree  in  alcohol  and  ether. 
Owing  to  its  l^t  color  and  ready  solubility  in  turpentine,  it  finds  exten- 
nve  application  in  the  manufacture  of  light-colored  transparent  varnishes. 

Dragtm's  Blood.  This  is  a  resinous  substance  obtained  from  the 
fruit  of  several  species  of  small  palms  growing  in  Siam,  the  Molucca 
Islands,  and  other  parts  of  the  E^t  Indies.  An  exudation  appears  on 
the  surface  of  the  ripe  fruit,  which  is  separated  by  rubbing,  by  shaking 
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in  a  bag,  by  exposing  to  steam,  or  by  decoction.  The  finest  product 
results  from  the  first  two  methods.  It  comes  on  the  market  in  two 
forms:  either  as  small  oval  drops  {tear  dragon's  blood)  covered  with  the 
leaves  of  the  plant  and  connected  in  a  row  like  beads;  or  in  cylindrical 
sticks  18  ins.  long  and  about  J  in.  in  diameter,  covered  with  palm  leaves 
and  bound  with  slender  stripe  of  cane.  An  inferior  product,  prepared  by 
boiling  the  fruit  in  water,  is  in  the  form  of  flat  circular  cakes  {cake  dragon's 
blood). 

Dragon's  blood  is  odorless,  tasteless,  insoluble  in  water,  but  soluble 
in  alcohol  and  ether,  also  soluble  in  the  volatile  and  fixed  oils,  forming 
red  solutions.     Its  principal  use  is  in  the  coloring  of  varnish. 

Elemi.  This  resin  is  obtained  by  making  incisions  into  the  trees, 
through  which  the  juice  Sows  and  concentrates  on  the  bark.  Elemi 
comes  on  the  market  either  as  soft  Manila  elemi  or  hard  Brazilian  elemi, 
being  of  various  colors  from  light  yellow  to  greenish  white.  It  is  soluble 
in  alcohol  and  other  solvents,  its  chief  use  being  to  impart  toughness  to 
varnishes  made  from  harder  resins.     . 

Guaiacum.  This  resin  is  the  concrete  juice  of  the  tree  Guaiacum 
Sanctum,  obtained  by  several  different  methods.  The  simplest  method 
is  that  of  spontaneous  exudation,  or  by  making  incisions  in  the  trunk. 
Another  method  is  to  saw  the  wood  into  blocks,  bore  holes  in  them  longi- 
tudinally, place  one  end  of  the  block  in  the  fire  and  collect  the  melted 
resin  which  flows  out  at  the  opposite  end.  The  usual  plan,  however, 
is  to  boil  the  chips  and  sawdust  with  a  solution  of  common  salt  and  skim 
oEF  the  substance  rising  to  the  surface.  Guaiac  appears  in  the  market 
as  irregular  lumps  often  mixed  with  small  fragments  of  bark  and  sand. 
The  purest  form  comes  in  small  lumps,  "  tears,"  which  result  from  natural 
or  induced  exudation. 

Kauri.  This  is  an  amber-like  resin,  varying  from  light  cream  to 
brownish  yellow  in  color.  It  is  the  result  of  ■  exudation  from  the  tree  . 
Agathis  Australis,  and  is  dug  in  large  quantities  from  the  ground  in  New 
Zealand.  It  is  used  very  extensively  in  varnish-making,  and,  like  copal, 
must  be  first  heated  or  "  run  "  before  it  becomes  soluble  in  oils. 

Mastic.  This  is  a  resinous  exudation  from  the  Pistacia  Lenliscus, 
a  tree  cultivated  in  the  Grecian  Archipelago.  Incisions  are  made  in  the 
trunk  uid  lai^  branches,  from  which  the  juice  on  exuding  either  hardens 
on  the  bark  in  tears  or  drops  to  the  ground,  where  it  is  caught  on  cloths. 
It  is  of  a  light  yellow  color  and  nearly  odorless.  It  is  soluble  in  alcohol 
up  to  about  90  per  cent,  and  is  used  to  quite  an  extent  in  the  preparation 
of  spirit  varnish. 

Sandarac.  This  resin  resembles  mastic  very  closely  and  comes  on 
the  market  in  the  form  of  tears.  It  is  more  soluble  in  alcohol,  however, 
and  is  employed  largely  in  the  preparation  of  transparent  varnish. 

Oleo  Retina.  The  most  important  members  of  this  class  are  Benzoin, 
Peru,  Tolu,  and  Slorax.    They  are  all  mixtures  of  resins  with  essential 
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oila,  and  consequently  have  a  much  softer  consistency  than  the  resins. 
Hiey  are  used  especially  in  pharmacy,  and,  since  they  have  practically 
no  industrial  application,  will  not  be  considered  in  detail  in  this  chapter. 

Gum  Resins.  The  more  important  members  of  this  class  are  Amtrumia^ 
cum,  Asafoetida,  Euphorinum,  GaStanum,  Gamboge,  and  Myrrh.  They 
are  mixtures  of  gums  and  resins,  form  emulsions  with  water,  and  are  all 
lai^ly  used  in  pharmacy,  gamboge  being  eiIbo  empl<Q^  as  an  orange 
red  pigment. 

Acacia.  Both  Ovm  An^tic  and  Gian  Senegal  are  included  under  this 
head,  as  they  are  derived  from  plants  of  the  acacia  family  usually  found 
in  Africa.  It  forms  lumps  of  various  sizes  with  color  rangii^  from  white 
to  reddish  brown.  It  is  soluble  in  both  cold  and  hot  water  and  is  used 
in  the  preparation  of  emulsions,  inthickening  ink,  in  water-colors,  textile- 
printing,  sizing  cloth,  and  in  the  preparation  of  mucilage. 

Agar-Agar.  This  is  also  known  as  Bengal  Isinglass  and  Japan  Isinglass. 
It  is  derived  from  certain  algae  from  which  it  is  obtained  by  boiling  in 
water.  It  comes  on  the  market  as  long  white  masses.  It  ia  used  as  a 
sizing  for  cloth  and  as  a  culture  medium  for  bacteria. 

Iceland  Hoss  and  Irish  Moss.  These  are  derived  from  a  form  of  sea^ 
weed  which,  on  boiling  with  water  forms  a  jelly  much  used  in  the  textile, 
and  leather  industries  as  well  as  for  edible  purposes. 

Ttagacanth.  This  is  a  gummy  exudation  from  A^agalut  Gummifer. 
It  is  odorless,  nearly  tasteless,  and  of  a  very  light  yellowish  to  white 
color.  It  usually  comes  into  the  trade  in  a  flaky  condition.  Placed  in 
water  it  absorbs  a  certain  amount  and  swells  up  very  much,  formii^  a 
soft  adhesive  paste.  If  the  paste  is  agitated  with  more  water,  it  forms 
a  uniform  mixture,  which,  however,  will  settle  out  on  standing,  as  only 
part  of  the  gum  goes  into  solution.  It  is  largely  used  in  calico-printing 
and  for  other  purposes  where  an  adhesive  is  required. 
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A  distinction  should  be  made  between  ahellac  and  lac.  Lac  is  derived 
from  the  Indian  term  for  100,000  and  is  significant  of  the  myriad  or  swarm 
of  insects  taking  part  in  its  formation.  It  has  been  erroneously  stated 
that  lac  is  the  dried  exudation  of  a  tree,  caused  by  the  sting  of  the  lac 
insect,  and  is  similar  to  rosin  in  its  origin.  As  a  matter  of  fact,  it  is  the 
secretion  of  the  lac  insect,  and  is  a  product  of  the  assimilatioo  of  the  tree 
sap  which  the  insect  feeds  upon,  just  as  hooey  and  beeswax  are  produoed 
by  the  modification  of  the  nectar  of  Sowers  by  the  bee. 

Shellac  is  so  called  because  of  its  shell-like  form,  and  bears  the  same 
relation  to  lac  that  flour  bears  to  wheat.  It  is  a  manufactured  article, 
and  may  be  manipulated  and  adulterated,  whereas  lac  is  the  original 
resin  as  gathered  from  the  trees,  and  cannot  be  sophisticated. 

Lac  is  found  only  in  north-eastern  India  and,  to  a  small  extent,  in  the 
adjacent  sections  of  Assam  and  Bunnah.  The  shipping-point  is  Calcutta. 
The  insect  producii^  lac  belongs  to  the  scale  family  (tacchardia  lacca),  and 
in  the  larval  form  when  hatched  is  about  one-fortieth  of  an  inch  in  length 
and  of  a  red  or  orange  color.  It  has  six  legs,  but  no  wings,  and  is  too  small 
and  weak  to  travel  far.  It  crawls  or  drops  to  another  twig  in  the  vicinity, 
but  thousands  are  unsuccessful,  through  their  inability  to  find  a  favorable 
position*  or  a  suitable  soft,  sappy  twig  wiiich  they  can  pierce  with  their 
-  beaks.  As  soon  as  the  insect  comes  to  rest  it  inmiediately  begins  to  suck 
up  the  sap  like  an  animated  siphon,  and  secretes  a  substance  which  soon 
dries  around  it  in  contact  with  the  air.  They  take  up  positions  adjoin- 
ing one  another  so  that  as  the  cells  surrounding  the  insects  grow  laiger 
they  eventually  coalesce,  forming  an  incrustation  around  the  tw^  several 
times  as  thick  as  the  twigs  themselves.  The  formation  of  the  lac  is 
undoubtedly  designed  as  a  protective  coating  to  shield  the  insect  from  its 
many  enemies.  Monkeys,  ants  and  squirrels  feed  on  the  sweet  incrusta- 
tion. Heavy  rains,  hcul  storms,  droughts,  and  forest  fires  work  at  times 
serious  injuries. 

About  two  and  a  half  months  after  the  period  of  swarming  the  male 
insect  matures,  and  aft«r  pushing  up  the  lower  edge  of  its  cell  crawls  out 
bockwftrd?.    The  female  stays  in  place.    He  female  is  provided  with 
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three  tufts  of  filaments  covered  with  a  white  powder.  As  the  lac  gathers 
aroimd,  these  filaments  act  as  tubes  to  supply  ^r  and  to  permit  fertiliza- 
tioa  by  the  male,  who  then  dies.  The  female  lives  about  three  and  a  half 
months  longer,  continuing  to  feed  on  the  sap.  For  this  reason  the  female 
cells  ore  lai^er  than  the  male  cells,  and  may  be  recognized  when  a  cross- 
section  is  made.  About  a  thousand  eggs  are  developed  by  each  female, 
and  by  the  time  these  eggs  are  hatched  the  mother  has  dried  up,  leaving 
only  the  skin.  The  new  brood  escape  from  the  body  of  the  parent  by  the 
air-ducts  in  the  lac^  and  another  life-cycle  begins.  There  are  two  genera- 
tions each  year,  the  swarming  takit^  place  in  July  and  December.  Lao 
may  be  propagated  by  cutting  off  the  swarming  twigs  and  tying  them 
to  the  branches  of  healthy  trees. 

Stick-lac.  The  incrusted  twigs  are  broken  into  short  sections  and  con- 
stitute the  stick-lac  of  commerce.  The  lac  is  gathered  twice  a  year  by  the 
natives.  It  is  brought  to  some  central  point,  such  as  Mirzapore,  where 
it  is  hand-picked  and  graded.  The  principal  trees  bearing  lac  are  the 
Kusutn  and  Palas,  but  some  88  varieties  of  trees  have  been  recognized 
as  hosts  for  the  lac  insect.  The  kind  of  tree  and  the  nature  of  the  sap 
fed  OQ,  as  well  as  climatic  influences,  are  undoubtedly  factors  in  the  value 
of  the  product.  Almost  nothing  is  known  of  the  origin  of  the  various 
varieties  of  stick-lac. 

Seed-lac  or  grain-lac  is  produced  from  stick-lac  by  crushing,  washing, 
and  drying.  In  this  way  the  wood  and  a  considerable  part  of  the  color- 
ing matter  b  removed.  Seed-lac  consists  of  ruby-red  or  orange-colored 
grains  about  the  size  of  wheat. 

Ialc  Dye.  If  the  wash-water  from  the  stick-lac  is  allowed  to  settle, 
lac  dye  deposits.  Before  the  advent  of  the  synthetic  dyes  large  quan- 
tities of  this  material  were  shipjwd  to  Europe  (1,544,480  lbs.  in  1880), 
where  it  was  used  as  a  substitute  for  cochineal.  The  trade  has  now  entirely 
disappeared  and  lac  dye  is  only  seen  as  a  curio^ty. 

Shellac.  To  make  shellac  the  workman  fills  long,  narrow  bags  with 
dry  seed-lac,  to  which  a  certain  quantity  of  orpiment,  and  sometimes  rosin, 
is  added.  The  bag  is  heated  over  a  charcoal  fire  until  the  lac  has  fused 
and  run  through  the  cloth.  By  twisting  the  bag  the  molten  lac  is  forced 
out  and  is  scraped  off  witfi  a  metal  hook.  It  is  flattened  out  by  stretch- 
ing over  a  cylinder  filled  with  hot  water.  It  is  then  reheated,  clasped 
between  the  feet  and  hands,  and  pulled  out  into  a  thin  sheet  of  a  %ht  to 
dark  orai^e  color.  In  good  grades  any  imperfections  are  flecked  out 
of  the  sheet  by  the  finger.  The  edges  are  broken  off  and  remelted  in  the 
better  grades. 

The  sheets  are  broken  into  flakes  and  packed  for  shipment.  This 
is  the  form  in  which  lac  is  commonly  seen,  and  is  the  material  for  sale  in 
the  paint  store. 

Shellac  is  graded  in  accordance  with  its  color  and  transpar^cy,  flat- 
ness and  strength  of  the  flakes,  and  freedom  from  adulteration.     Orpiment 
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is  universally  added  to  produce  the  light-yellow  color  demanded  by  the 
trade.     It  varies  in  amount  between  .05  and  0.25  per  cent. 

The  better  grades  of  shellac  are  commonly  spoken  of  as  the  marks, 
of  which  some  of  the  more  important  are  as  follows:  D.C.  (David  Camp- 
bell), V.S.O.  (very  superior  orange),  Diamond  I,  Double  Triangle  G., 
Superfine,  Fine,  and  Good,  Standard  One,  Two  and  Three,  etc.  These 
grades  are  generally  free  from  rosin. 

The  lower  grade  (largely  exceedii^  any  of  the  others  in  amount)  is 
known  as  T.N.,  and  may  contain  5  per  cent  and  more  of  rosin,  unless 
marked  Pure.  The  United  States  standard  T.N.  does  not  contEun  over 
3  per  cent  rosin  (U.  S.  S.  A.  mark). 

The  marks  and  some  of  the  T.N.  are  packed  in  wooden  cases,  lined  on 
the  inside  with  cloth  (usually  obtained  from  the  bags  used  for  melting 
seed-lac)  and  wrapped  on  the  outside  with  burlap,  on  which  is  branded  the 
mark  and  the  initials  of  tiie  maker's  name.  The  customary  net  weight 
is  two  maunds,  or  164  pounds.  The  T.N.  grade  is  usually  shipped  in 
double  burlap  bags  carrying  164  pounds.  The  route  from  Calcutta  lies 
through  the  Red  Sea,  and  the  summer  shipments  are  often  received  in  a 
more  or  less  matted  condition,  due  to  the  softening  of  the  shellac  en  rout«. 
This  is  particularly  noticeable  with  the  T.N.  grade,  packed  in  bags,  the 
pressure  and  lack  of  ventilation  causing  the  solidification  of  the  shellac 
into  hard  slabs.  To  describe  the  condition  of  the  shellac  the  terms  free, 
caught,  matted,  firmly  matted,  and  blocked  are  used. 

The  yearly  output  is  about  250,000  packages  of  164  pounds  each 
—about  41,000,000  pounds.  The  total  imports  for  the  United  States 
were  in  1914,  125,000  packages;  1915,  170,000,  and  1916  the  unusual 
amount  of  229,000.  There  are  two  crops,  the  Bisakke  or  spring  crop  being 
the  largest  and  producing  the  greater  part  of  the  T.N.  grade.  The  fine 
orange  grades  are  mostly  derived  from  the  Koosmie  or  fall  crop,  and  being 
shipped  during  the  winter,  arrive  in  good  condition. 

Refuse  lac.  This  is  the  residue  left  in  the  bag  after  the  squeezing-out 
of  shellac,  as  described  above.  It  contains  from  30  to  50  per  cent  sand  and 
insoluble  matter.  The  resin  is  soluble  in  alcohol  or  dilute  soda,  and  is 
sometimes  extracted.  The  lac  may  be  precipitated  from  the  soda 
solution  by  the  addition  of  acid.  The  alcohol  may  be  recovered  by  dis- 
tillation, and  the  fused  residue  run  out  on  a  table  or  metal  slab  for  the  pro- 
duction of  garnet  shellac.  In  the  pure  form  it  is  rosin-free;  in  the  ordinary 
form  it  contains  from  8  to  10  per  cent  rosin.  It  is  marked  A.C.  garnet. 
The  color  is  dark  purple-red.  Other  grades  are  the  Kala  and  Gal  garnets, 
probably  extracted  with  soda,  which  are  almost  black  in  color  and  con- 
tain 18  per  cent  rosin  and  upwards. 

Button  lac,  when  pure  saA  of  good  color,  is  one  of  the  highest-priced 
grades.  It  is  characterized  by  its  ready  fusibility  and  ease  of  working 
when  used  for  sealing-wax.  It  is  prepared  from  special  kinds  of  stick-lac 
of  superior  color  in  the  same  way  as  shellac,  except  that  instead  of  being 
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drawn  out  in  sheets  it  is  allowed  to  harden  in  round  disk:;  two  to  three 
inches  in  diameter,  which  are  stamped  with  the  maker's  seal,  while  soft. 
When  held  to  the  light,  button  lac  is  transparent  and  of  a  red-orange 
color. 

Gross  adulteration  has  bees  practiced  in  the  past  with  button  lac, 
rosin  in  amounts  vip  to  40  per  cent  being  not  uncommon. 

ConstitutioD.  Lac  is  a  rean,  but  stands  apart  from  the  other  reane 
in  its  origin  and  chemical  characteristics.  Tschirch,  who  has  made  the 
most  thorough  study  <^  the  6bemistry  of  lac,  classes  it  as  an  aliphatic 
or  fatty  re^n,  in  which  the  substances  of  the  fatty  series  predominate. 
His  analyds  of  stick-lac  is  as  follows :  Wax  6.0  per  cent,  lac  dye  6.5  per  cent, 
resin  74.5  per  cent,  residue  9.5  per  cent,  wat«r  3.5  per  cent.  The  wax 
as  shown  by  Benedikt  consists  of  myrioyl  and  ceryl  alcohol,  free  and  com- 
bined with  various  fatty  acids.  The  resin  may  be  divided  into  an  ether 
soluble  portion  of  35  per  cent  and  an  ether  insoluble  portion  of  65  per 
cent.  The  soluble  part  TschiiVh  finds  to  consist  principally  of  fatty 
acids,  a  smaU  portion  of  a  wax-like  substance,  volatile  with  steam,  and 
responsible  for  the  characteristic  odor  of  lac,  a  resin-like  body  (1.5  per 
cent  of  the  raw  material)  and  a  yellow  dye,  erytbrolaccin  (about  1.0  per 
cent  of  the  fesin). 

The  ether  insoluble  portion  of  the  lac  redn  is  the  resinotannol  ester  of 
aleuritinic  acid.  Nothing  is  known  of  the  constitution  of  resinotannols. 
Tschirch  conMders  the  aleuritinic  acid  to  be  a  fatty  acid  of  approxiniately 
the  constitution  of  dioxyptdmitic  acid. 

The  residue  of  9.5  per  cent  consists  of  sand,  wood,  insect  cells,  etc. 

Other  investigators  have  detected  the  presence  of  nitrogenous  sub- 
stances in  lac  of  a  glutinous  character  (Hatchett,  Gascard).  A  small 
quantity  of  sugar  is  shown  by  Fehling's  solution  in  the  aqueous  extract. 

pn^erties  and  Analysis  (rf  Shellac.  Shellac  is  the  form  of  lac  com- 
monly used  in  the  arts,  its  Sake-like  form  facilitating  h&ndling,  and  ita 
large  surface  permitting  the  rapid  action  of  solvents. 

The  specific  gravity  at  60/60°  F.  lies  between  1.08  and  1.13.  Accurate 
figures  are  out  of  the  question,  because  shellac  contains  a  large  number 
of  air-cells,  as  may  be  readily  noticed  when  the  flakes  are  closely  examined. 

The  melting-point  of  shellac  is  indefinite.  It  commences  to  soften  at 
40"  C,  and  gradually  becomes  more  fluid  as  the  temperature  rises.  It 
cannot  be  melted  to  a  thin  fluid  without  decompowtion. 

It  is  insoluble  in  acids,  but  readily  soluble  in  alkalies,  from  which  it 
may  be  recovered  by  neutralization.  Mixed  with  water  it  dissolves  in  an 
eighth  of  its  weight  of  sodium  carbonate,  when  heated.  It  may  be  cut 
in  borax,  a  convenient  formula  being  1  pound  shellac,  4  ounces  borax, 
1  gallon  water.  Ammonia-water,  triphosphate  of  soda,  bicarbonate 
of  soda  may  also  be  used  as  solvents.  Caustic  soda  alters  shellac  chem- 
ically, converting  it  into  a  material  only  partly  precipitated  by  acid.  Lime 
water  is  not  a  solvent.    From  alkaline  solutions  shellac  may  be  precipitated 
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by  Baltiog  out)  just  as  is  done  in  the  soap  industry,  a  mass  of  a  rubbery 
consistency  being  obtained. 

Alkaline  solutions  of  shellac  have  a  strong  purple-red  color,  due  to  the 
lac  dye,  which  is  never  entirely  removed  by  the  washing  of  the  stick-lac. 
They  are  also  turbid,  because  of  the  insoluble,  finely  divided  wax  carried 
iA  suspension.  The  wax  is  sometimes  removed  by  boiling  the  solution 
and  skimming  Uie  melted  wax  from  the  surface. 

Shellac  is  readily  soluble  in  methyl  and  ethyl  alcohol,  as  much  as 
10  pounds  shellac  dissolving  in  1  gallon  of  the  spirits.  It  is  also  soluble  . 
in  fusel  oil.  Turpentine  and  benzine  are  not  solvents,  and  will  predpitate 
it  from  alcoholic  solutions.  Benzine  is  a  solvent  for  shellac  wax,  how- 
ever, and  will  remove  it  from  alkaline  solutions. 

The  iodine  absorption  of  shellac  is  very  low  in  distinction  to  the 
absorption  of  rosin,  which  is  high.  The  measurement  of  the  iodine  absorp- 
tion affords  one  of  the  best  means  of  detecting  adulteration.  The  pur- 
chase of  shellac  on  analysis,  with  a  guarantee  as  to  rosin,  has  led  to  a 
great  improvement  in  the  quality  of  the  sheUac  received  at  New  York 
in  late  years.  The  absorption  of  iodine  by  the  resins  does  not  proceed 
to  completion  as  with  the  fats,  and  it  is  necessary  to  lay  down  an  empirical 
method  requiring  standard  conditions  as  to  time,  temperature,  and  con- 
centration. Usii^  Wijs  solution,  and  albwing  it  to  act  one  hour  at  22°  C, 
it  was  found  that  high-grade  shellacs,  Quch  as  D.C.  and  V.S.O.,  absorbed 
from  14  to  17  per  cent  iodine.  Good  T.N.  shellacs  took  18  per  cent. 
Roan,  while  variable,  averaged  about  22S  per  cent.  The  method  is  based 
on  the  assumption  that  IS  and  228  are  the  iodine  absorption  numbers  of 
ro^n-free  shellac  and  rosin  respectively.  U^ng  these  figures,  the  percent 
of  rodn  may  be  calculated  from  the  iodine  absorption.  Results  are 
undoubtedly  somewhat  below  the  truth,  but  the  trade  has  become  adjusted 
to  these  standards,  and  disagreements  are  rare.  See  reference  at  the 
end  of  this  article. 

Crude  sugar  has  been  used  as  an  adulterant  on  T.N.  grades  in  amounts 
ranging  from  2-7  per  cent.  It  can  be  easily  detected  by  extraction  of 
the  pulverised  shellac  with  water,  evaporating  on  the  water-bath  and 
we^hing  the  residue.  After  inversion  a  test  may  be  made  with 
Fehling's  Bolu<»on,  bearing  in  mind  that  all  shellacs  contain  a  small 
amount  of  si^ar. 

The  water  extract  in  pure  shellac  should  not  exceed  0.3  per  cent 

The  insoluble  residue  l^t  after  extraction  of  the  shellac  with  hot  d5 
per  cent  alcohol  affords  a  measure  of  the  insoluble  impurities  present 
other  than  the  wax  (the  shellac  wax  is  soluble  in  hot  alcohol).  A  good 
T.N.  should  not  cont^n  over  3  pef  cent  and  a  good  orange  mark  not  over 
2  per  cent. 

Shellac  is  permanent  in  thb  climate,  samples  over  20  years  of  age 
showing  no  deterioration  or  change  in  chemical  constants. 

Bleached  Shellac  is  prepared  from  shellac,  aeed-lac  or  stick-lac,  by  the 
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action  of  hypochlorite  of  soda  on  the  alkaline  solution,  for  the  purpose 
of  removing  the  red-brown  color  of  the  lac.  The  lac  dye  is  bleached  very 
quickly,  but  the  yellow  color  of  the  erythrolacdn  is  more  perustent  and  a 
greater  or  smaller  quantity  survives  the  bleaching  entirely. 

Shellac  is  Twt  bleached  commercially  by  the  action  of  sunlight  on  the 
alcoholic  solution,  mixed  with  animal  charcoal,  by  pouring  the  alcoholic 
solution  into  potassium  hypochlorite,  by  boihng  with  weak  potash,  or  by 
passing  chlorine  gas  into  the  potash  solution  of  the  shellac,  to  mention 
a  few  of  the  methods  permanently  intrenched  in  the  literature. 

The  only  published  method  of  practical  utility  is  the  following,  from 
the  Papier  Zeitung,  Berlin,  Jan.  16,  1898:  "  Dissolve  1.6  kg.  of  soda  in 
50  to  70  liters  of  water,  and  heat  to  boiling.  Add  slowly  10  kg.  of  shellaC. 
Make  a  solution  of  chloride  of  lime  by  adding  to  water  in  the  proportion 
of  10  kg.  to  200  liters.  Kun  off  the  clear  liquor  and  throw  out  the  lime 
with  soda.  To  the  hot  shellac  solution  add  the  sodium  hypochlorite  pre- 
pared as  above  until  the  color  is  wine-yellow.  Add  in  small  portions 
toward  the  end,  waJtfng  five  minutes  between  additions.  Cover  and 
stand  for  severd  hours.  Decant,  warm  to  30°  C,  and  precipitate  the 
shellac  with  hydrochloric  or  sulphuric  acid,  diluted  to  1  to  20.  Throw 
the  bleached  shellac  into  hot  water  and  pull  into  bars. 

Bleached  shellac  is  sold  in  the  form  of  pulled  hanks  or  bars,  resembling 
pulled  sugar-eandy  in  color  and  lustre.  When  the  hanks  are  crushed  and 
pulverized  the  bleached  shellac  is  known  as  ground  bleached.  Both 
these  forms  contain  about  25  per  cent  water.  Formerly  most  of  the 
bleached  shellaC  sold  was  in  the  form  of  hanks,  but  of  late  years  a  steadily 
increasing  amount  of  bleached  shellac  goes  into  the  form  of  bone-dry 
bleached  shellac,  which  is  immediately  available  for  the  preparation  of 
shellac  varnish.  Bone-dry  is  prepared  from  the  ground  bleached  by 
treatment  in  a  vacuum  dryer  or  exposure  to  air  on  drying-frames  until 
dry.  It  still  contains  several  per  cent  of  water.  It  is  usually  sold  in 
barrels  of  250  pounds  net.  Difficulty  is  experienced  here  with  blocking 
in  torrid  summer  weather,  as  noted  in  the  case  of  orange  shellac.  To 
prevent  this,  bleached  shellac  should  be  stored  in  as  coot  a  place  as  pos^ble. 

A  peculiarity  of  bleached  shellac  is  its  gradual  chaise  into  a  modi- 
fication insoluble  in  alcohol  and  alkalies.  If  not  too  bad  the  insoluble 
portions  may  be  strained  out  of  the  solution,  as  the  soluble  portion  is  still 
perfectly  good.  This  change  cannot  be  prevented,  and  will  inevitably 
take  place  in  time  with  every  bleached  shellac.  It  is  favored  by  high 
temperatures.     Bleached  shellac  should  be  used  promptly. 

Bleached  shellac  dissolves  in  the  same  solvents  as  orange  shellac.  The 
solution  is  a  milky-white,  the  milkineSs  being  due  to  the  presence  of  the 
insoluble  shellac  wax  in  suspension.  In  alcoholic  shellac  solutions  the 
wax  partly  settles  in  time,  leaving  a  clear  light-yellow  supernatant  liquid. 

Moisture  in  bleached  shellac  should  be  determined  by  drying  to  con* 
stant  weight  in  a  vacuo  over  sulphuric  acid  or  by  heating  in  a  well-ven- 
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tilated  air-bath  at  a  temperature  not  exceeding  110°  F.,  to  prevent  the 
einterit^  of  the  shellac.  Heating  at  50°  C.  and  over  results  in  the  loss 
of  volatile  ingredients  not  water  and  a  change  in  the  chemical  constitu- 
tion of  the  shellac. 

Refined  Bleached  Shellac.  This  is  a  wax-hee  fonn  of  bleached  shellac, 
which  dissolves  to  a  clear  solution  in  solvents.  It  is  sold  in  the  form  of 
poimd,  hanks,  and  bone-dry. 

Shellac  Varnishes.  These  are  often  called  simply  "  shellaca,"  the 
dry  resin  being  incorrectly  distinguished  as  "  gum-shellac." 

The  bulk  of  the  shellac  varnish  to-day  is  made  with  special  denatured 
alcohol,  a  pure  grain-alcohol  denatured  by  the  addition  of  5  per  cent  wood- 
alcohol.  The  standard  shellac  Is  5  pounds  to  the  gallon,  and  is  generally 
thinned  down  before  use  with  wood-alcohol,  the  use  of  special  denatured 
alcohol  being  not  permitted.  Orange-shellac  varnishes  are  used  where 
color  is  no  objection,  white  shellac  varnishes  otherwise. 

The  alcohol  is  measured,  and  the  weighed  shellac  added,  without  stirring 
or  the  application  of  heat.  It  is  allowed  to  stand  over  night,  and  the  next 
morning  can  be  stirred  with  a  stick  until  completely  cut.  If  sUrred  too 
soon  the  shellac  is  apt  to  gather  into  a  ball,  which  resista  solution  tena- 
ciously. The  yellow-colored  residue  sometimes  noticed  in  orange-shellac 
varnish  is  a  deposit  of  sand  mixed  with  a  little  orpiment  present  in  the 
original  shellac,  and  ioaoluble  in  the  alcohol.  Water  added  to  shellac 
varnish  precipitates  the  shellac,  but  shellac  itself  may  be  cut  in  S5  per  cent 
alcohol  without  difficulty.  The  addition  of  benzine  or  turpentine  to 
shellac  varnish  will  curdle  the  goods,  and  many  complaints  by  painters 
may  be  traced  to  the  use  of  these  solvents  as  thinners  or  bmsb-cleansers. 

Shellac  varnishes  are  quick  driers,  the  solvent  evaporating  entirely, 
and  leaving  the  dry  resin  as  a  thin  coating.  This  is  in  distinction  to  the 
oil  varnishes,  the  solvent  in  this  case  forming  an  integral  part  of  the  dry 
coat.  Special  denatured  shellac  varnish  dries  somewhat  more  slowly 
than  the  wood-alcohol  varnish,  but  the  end-product  is  the  same.  The 
alcohol  in  evaporating  chills  its  surroundings  and  attracts  water  from 
the  air,  especially  in  humid  summer  weather.  This  produces  a  whitish 
film,  which  slowly  disappears. 

Shellac  varnish  is  rather  extensively  adulterated.  Spirit-soluble 
resins,  such  as  rosin,  copal,  and  sandarae  are  used.  Celluloid  is  sometimes 
added  to  give  a  fictitious  body.  Foreign  reans  are  easily  recognized  by 
a  colorimetric  test  with  dilute  Wijs  solution.  The  body  may  be  deter- 
mined by  evaporation. 

French  Varnishes  and  Lacquers.  A  French  varnish  is  a  transparent 
shellac  varnish  and  may  be  made  either  by  the  solution  of  refined  shellac 
(wax  free)  in  alcohol,  or  by  the  filtration  of  shellac  varnish  to  remove  the 
wax.     In  some  cases  French  varnishes  are  made  from  copal  and  sandarae. 

Colored  lackers  are  made  by  the  solution  of  the  appropriate  color  in 
the  French  varnish. 
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Uses  and  Applications.  Shellac  ie  used  as  a  bJDder  in  compodtioQ 
goods,  such  as  buttons,  dominoes,  poker  chips,  telephone  receivers,  phono- 
graph records;  in  the  electrical  industry  as  an  insulator;  in  sealing-wax, 
etc.  Cut  in  alkalies  it  serves  bb  a  dressing  on  leather  and  patent  leather, 
shoe  polishes,  as  a  finish  on  playing-cards,  surface-coated  papers,  and  hats. 
Dissolved  in  alcohol  it  is  very  extensively  used  as  a  quick-drying  varnish 
on  all  kinds  of  furniture,  interior  decorations,  railroad  and  trolley  cars, 
hat  stiffening,  kalsomining,  pencils,  breweta'  varnish,  .patterns,  parquet 
floors,  etc. 

BIBLIOGRAPHY. 

The  Indian  Forest  Memoirs,  Vol.  I,  part  3,  Second  Edition,  Calcutta,  Super- 
intendent of  Government  Printing,  1910.  "  A  Note  on  the  lac  Insect,  ita  life 
History,  Propagation  and  Collection,"  82  pages.  Illustrationa  in  color  of  the  lac 
insect  in  its  various  stages  and  of  its  enemies  are  given.  - 

The  Agricultural  Ledger,  1901,  No,  9.  "  Lac  and  the  Lac  Induetriea,"  by 
George  Watt;     Calcutta,   Office  of  the  Superintendent,  Government  Printing. 

Tschirch,  "  Die  Harze,"  Second  Edition,  Leipzig,  1906.  Recounts  Tschirch's 
researches  and  summarizes  the  literature  on  the  constitution  of  lac.  Pages  811 
to  830. 

Seeligniann-Ziecke,  "Handbuch  der  Lack  und  Fimisinduatrie,"  Berlin,  1910. 
Discusses  in  full  detail  the  technology  of  lac,  shellac,  bleached  shellac,  and  their 
analysis  on  pages  108  to  147,  and  the  manufacture  of  spirit  varnishes  on  pages 
720  to  757. 

Langrauir,  "  The  Analysis  of  Shellac."  J.  Soc.  Chem.  Ind.  1905, 12-17.  Dis- 
cusses the  adulteration  of  shellac,  ita  analysis,  bleaching  and  colorimetric  tests 
for  adulterants  in  vamish. 

Langmuir  and  White,  J.  Soc.  Chem,  Ind.,  191 1 ,  786-789,  gives  additional  details 
on  the  analysis  of  shellac  and  shellac  vamish  and  methods  for  the  determination 
of  arsenic  and  wax. 

Report  of  the  Sub-Committee  of  Shellac  Analysis,  J,  Amer.  Chem.  Soc.  1907, 
1221-1227,  recommends  the  use  of  the  above  method  as  a  standard. 

The  American  Alcohol  Insoluble  Test  for  Shellac.  J.  Ind.  and  Eng.  Chem. 
1913,  435. 

P.  C.  Mcllhiney,  J.  Amer.  Chem.  Soc.,  1908,  867-872,  Describes  a  method 
for  the  determination  of  rodn  by  extraction  from  the  alcoholic  solution  of  the 
shellac  with  petroleum  ether. 

E.  F.  Hicks,  J.  Ind.  and  Eng.  Chem.,  1911,  8ft-87  and  J,  Soc.  Chem.  Ind., 
1912,  938,  gives  a  method  for  the  detection  of  small  amounts  of  rosin  in  shellac. 

Parry.  Chemist  and  Druggist,  Jan.  31,  1903,  recommends  the  Hubl  method, 
or  the  determination  of  rosin  in  shellac. 

P.  Singh.  J.  Soc.  Chem.  Ind.,  1910, 1435-1437,  discusses  the  analytical  constants 
of  lac  and  shellac. 

Hoseason  and  Klug,  J.  Soc.  Chem.  Ind.,  1912,  I65-16S,  report  the  results  of 
their  examination  of  stick-lacs  and  shellacs. 

The  Determination  of  Moisture  in  Shellac.    J.  Ind.  and  Eng.  Chem.,  1915, 633. 

The  Determination  of  Rosin  and  Alcohol-Insoluble  Matter  in  Shellac.  Amer, 
Soc.  Testing  Materials,  1917. 


vL.OOgIC 


CHAPTER  XXXV 

RUBBER  AND  RELATED  GUMS 

FREDERIC  DANNERTH 

ConsultiTiig  Ckemiet  and  Aubber  Expert,  Newark,  N.  J. 

Botany.  Plant  investigators  have  known  for  a  loDg  time  that  cntain 
plants  are  characterized  by  the  presence  of  capillary  vessels  containing 
a  milk-juice.  This  latex,  as  it  is  called  in  the  Tropics,  is  found  in  the 
stems,  leaves,  bark  and  roots  of  various  trees,  shrubs  and  creepers.  This 
milk-juice  is  in  most  cases  secured  by  making  incisions  on  the  trunk  of 
the,  tree  in  such  a  manner  as  to  sever  the  milk  bearing  canals.  The  milk 
at  once  exudes  and  is  collected  in  tins  of  about  J-pint  capacity.  It  is  then 
coagulated  or  cured  by  exposure  to  smoke,  or  by  treatment  with  oi^nic 
acids.  We  are  at  present  acquainted  with  about  twenty  genera  of  these 
plants  belonging  to  the  following  families  (according  to  Strassbui^er) : 
Euphorbiacefe,  Apocynacea,  Moracee,  Comports,  Convulvulaceie, 
Asclepiadacete.  The  latex  ia  apparently  an  emulsion  containing  generally 
five  substances,  present  in  varying  proportions,  depending  upon  the  source 
of  the  latex.    Two  specimens  showed  on  analysis  (in  round  numbers): 

Heata  Fvntwma 

BratSientiM  ElatUca 

Water 55.0%  50.5% 

Rubber 38.5  40.7 

Proteins ' 3.0  3.3 

Resins 3.0  4.5 

Mineral  matter. 0.5  1.0 

Definitions.  Rubber  is«  hydrocarbon  contained  in  the  latex  of  certain 
milk-bearing  plants  found  principally  in  the  Tropic  zone.  The  rubber  of 
commerce  known  as  "  washed  and  dried  rubber  "  contains  in  addition  to 
this  all  the  substances  enumerated  in  the  above  analysis,  in  varying  pro- 
portions. The  trade  names  of  some  varieties  of  rubber  are:  Para  from 
Hevea  species;  Caucho  (Amazonian  and  Mexican)  from  Castilloa;  Manga- 
beira  from  Hancomia;  Manicoba  (or  Ceara)  from  Manibot;  Assam  from 
Ficus;  African  from  Landolphia  and  Funtumia.  Plantation  rubber  from 
the  Middle  E^ast  is  obtained  principally  from  Hevea  Brasiliensis.  The 
question  of  terminol(^;y  was  discussed  at  some  length  at  the  International 
Rubber  Conference  held  in  New  York  City  in  1912.    Many  careful  men 
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in  the  rubber  trade  now  speak  of  "  Hevea  rubber  frOm  Ceylon "  and 
"  Hevea  rubber  from  Para  "  but  rubber  brokers  are  as  a  rule  opposed  to 
such  discrimination.  The  terms  "  Up  river  Fine  Para  "  "  Caoutchouc  " 
and  "  India  rubber  "  are  still  seen  in  badly  drawn  specifications.  They 
are  runnuitB  of  the  time  when  nearly  the  whole  world  production  oi 
rubber  was  shipped  from  Para  and  the  Indies.  The  English  term  "  Fine 
hard  Para  "  is  equivalent  to  the  American  term  "  Up  river  fine  Para." 

Although  it  may  be  said  of  nearly  all  products  of  the  animal  and 
vegetable  kingdoms,  that  they  are  difficult  to  define,  this  is  more  especially 
true  of  rubber,  in  fact  it  was  not  until  1905  that  a  definite  knowledge  (^ 
the  actual  rubber  substance  was  Qbtained.  For  over  fifty  years,  it  was 
defined  merely  as  a  hydrocarbon  having  the  empirical  formula  CioHie,  but 
in  1905  Harries  of  Kiel  defined  it  as  a  highly  polymerized  I-S-dimethyl- 
cyde-octadien-l-S.  Oxygen  in  the  form  of  ozone  reacts  very  readily  with 
this  substance,  forming  various  "  ozonides."  It  has  also  been  observed 
that  oxygen  has  a  detrimental  influence  on  rubber  and  rubber  products,  so 
that  we  may  conclude  that  the  closer  rubber  approaches  to  the  chemical 
fonnula  mentioned,  the  more  desirable  it  is  for  most  purposes.  Nitrous 
acid  reacts  with  rubber  to  form  "  Nitrosites."  If  rubber  is  heated  in  the 
open  air  to  285°  C  it  loses  aU  its  natural  elasticity  and  assumes  the  eoa- 
ditiou  of  a  liquid  which  remains  fluid  at  ordinary  mom  temperature. 

Chemical  and  Phy^cal  PropeitieB.  The  chemical  properties  which 
give  rubber  its  commercial  value  are  its  reein  content,  and  its  reaction  with 
elemental  sulphur.  Good  Hevea  rubber  contains  seldom  more  than  3  per 
cent  of  resins  while  soft  Guayule  rubber  may  contain  as  high  as  20  per 
cent  of  resins.  These  are  soluble  in  aceton,  and  this  solvent  is  used  on  a 
large  scale  for  dereainating  rubbers  which  contain  excessive  amounts  of 
resin.  Volatile  oi^anic  solvents  such  as  turpentine,  carbon  tetrachloride, 
coat-tar  benzol  and  petroleum  benzine  cause  rubber  to  swell  to  a  jelly- 
like mass.  This  mixture  becomes  distinctly  viscous  on  further  dilution, 
in  fact  Fol  of  Delft  has  endeavored  by  numerous  experiments  to  show  the 
relation  between  viscosity,  resin  content  and  strength  in  "  washed  and 
dried  "  nd>ber.  The  most  important  chemical  property  is  without  doubt 
the  fact  that  rubber  combines  with  sulphur  in  all  proporti(Kis,  the  highest 
being  a  product  containing  about  32  per  cent  of  sulphur.  This  chemical 
combination  of  rubber  with  sulphur  is  known  in  practice  as  "vulcanization." 

The  physical  properties  which  give  rubber  its  value  as  a  material 
of  commerce  are:  (1)  pale  color;  (2)  h^h  tensile  strength  when  com- 
pounded; (3)  high  adhesion  and  cohesion  values;  (4)  great  elasticity; 
(5)  pliability  within  a  great  range  of  temperatures;  (6)  impermeability 
to  water  and  gases;  (7)  enormous  ^electric  value;  (8)  ability  to  "take 
up  "  powdered  minerals  and  form  with  them  a  homogeneous  mass  or  dough; 
(9)  specific  gravity,  less  than  that  of  water. 

Geognti^y.  Kubber-producing  plants  are  found  in  the  forests  along 
the  Amazon  River  in  Brazil.    The  names  of  its  tributaries  are,  in  fact, 
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used  in  the  trade  to  des^nate  particulEir  grades  of  rubber.  For  example: 
Javary,  Junia,  Purus,  Tapajoe,  Xingu,  and  Madeira.  The  width  of  the 
Amazon  baain  is  given  as  "  5  to  15  miles,"  and  its  length  as  "  over  3000 
miles,"  from  which  we  may  form  some  idea  of  the  vastneas  of  the  Amazo- 
nian jungles.  Other  rubber-producing  countries  are  Africa,  Mexico,  Cen- 
tral America,  Elast  and  West  India,  and  last,  but  not  least,  the  Middle 
East,  where  Plantation  rubber  has  been  cultivated  since  1876.  The 
term  "  Middle  East  "  is  used  to  designate  that  part  of  the  Tropics  at  about 
100°  East  longitude.     It  includes  Ceylon  and  Malaya. 

Comioeice.  Since  the  year  1913  over  half  of  the  world-production  of 
rubber  has  been  obtained  from  plantations.  The  Malay  States  alone 
produced  in  that  year  over  25,000  tons  of  washed  and  dried  rubber.  In 
January,  1917,  the  New  York  price  of  rubber  was  quoted  at  78  cents  per 
pound  for  "  Up  river  Fine  Para  ";  78  cents  for  "  first  latex  pale  crepe  " 
plantation  rubber;  and  80  cents  for  "  Smoked  ribbed  sheets  "  plantation 
rubber.  Para  rubber  is  put  on  the  market  in  "  Biscuits "  (pdles,  or 
hams)  resemblii^  large  watermelons,  which  lose  about  20  per  cent  of  their 
weight  on  washing  uid  drying.  They  are  called  "  hams  "  because  of  the 
peculiar  smoke  odor  which  clings  to  the  rubber  from  the  smoking,  or 
curii^  operation.  Some  grades  of  African  rubber  lose  as  much  as  50  per 
cent  of  their  weight  durii^  washing  taid  drying. 

The  rubber-^oods  factories  of  the  United  States  have  for  a  number  of 
years  required  over  50  per  cent  of  the  total  world  production  of  rubber. 
The  approximate  production  of  tons  of  rubber  in  the  world  is  given  in  the 
table.  It  should  be  noted  that  1  ton  of  rubber  we^hs  2240  Ibe.  Avmt. 
The  figures  for  "  all  wild  rubbers  on  a  washed  and  dried  basis  "  were 
obtained  by  allowing  a  25  per  cent  shrinkage  on  the  total  wild  rubber 
production  of  the  world.  This  is  considered  preferable  to  the  usual  form 
of  statistics  wherein  "  wild,  crude  rubber "  is  compared  directly  with 
"  washed  and  dried  rubber  "  production. 

WORLD  RUBBER  PRODUCTION 


Rubber  from 

Wild  nubbcr 

from  South 

Wild  Rubber 
from  >U  Other 

Dried  B»M». 

Wortd  Rubber 
ProduetiDD  on 

1012 
1013 
1914 
1915 
1916 
1917 

28,500 
47,200 
65,000 
100,000 
152,000 
200,000 

40,500 
40,000 
37,000 
37,500 
37,500 
37,500 

29,500 
21,400 
18.900 
15,100 

52,500 
46,050 
41,925 
39,450 

81,000 
93,250 
106,925 
132,850 

Materials 
Crude  Rubber  from  Plantatioiis.    This  material  appears  on  the  market 
in  two  principal  forms.    "  Smoked  sheet  "  is  produced  in  the  Middle  East 
by  coagidation  of  the  latex  and  smoking  in  specially  constructed  apparatus. 
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Id  Wickham'B  machine  the  fresh  milk-juice  is  poured  into  a  revolving  drum, 
and  is  thus  made  to  spread  a  fine  coating  of  rubber.  The  drum  revolves 
in  a  chamber,  filled  with  wood-smoke.  The  best  apparatus  now  available 
produces  not  more  than  15  lbs.  of  dry  rubber  per  day,  a  rate  of  produc- 
tion entirely  too  low  to  warrant  extensive  use.  The  method  more  c(mi- 
monly  used  for  producing  "  smoked  sheet "  is  to  convert  the  coagulated 
lumps  of  rubber  into  sheet  form  and  then  hang  these  sheets  in  a  "  smoke- 
house "  at  about  100°  F.  for  twelve  hours.  Early  observers  claimed  that 
the  "  curing "  of  rubber  ia  Para  was  effected  chiefly  by  the  creosotic 
contents  of  the  smoke,  but  Sidney  Moi^an,  a  plantation-rubber  specialist, 
is  of  the  opinion  that  the  "  cure  "  is  effected  chiefly  by  heat  and  such 
smoke  constituents  as  formaldehyde.  The  creosote  does  apparently 
prevent  the  formation  of  mildew  on  the  rubber. 

Brazilian  plantations  are  now  in  operation  in  the  district  of  Bahia, 
800  mDes  south  of  the  equator,  and  the  rubber  (Hancomia  species)  appears 
to  possess  many  good  quaUties.  In  Acre,  Brazil,  many  hundred  thousand 
trees  have  been  planted,  so  that  these  will  soon  add  to  the  world's  pro- 
duction of  rubber. 

Plantation  rubber  from  the  Middle  East  is  obtained  principally  from 
Hevea  BrazUiensis.  This  is  botanically  the  same  as  the  wild  rubber 
tree  which  grows  near  Para  in  Brazil.  Hence,  some  have  fallen  into  the 
^for  of  calling  this  product  "  Plantation  Para."  Others  use  the  term 
"  Ceylon  crfipe  "  for  all  rubber  which  comes  from  plantations  in  the  form 
of  crSpe  or  thin  sheets.  Both  these  terms  are  incorrect  and  they  do  an 
injustice  to  the  Plantation  Industry  which  has  been  so  successfully 
fathered  by  the  English  colonials  in  Ceylon  and  Malaya. 

South  America  to-day  offers  to  investors  unusual  opportunities  for 
plantation  development.  The  Government  of  Brazil  has  of  course  been 
active  in  the  matter,  and  has  passed  laws  which  encourage  the  planting 
of  trees  and  the  export  of  the  product.  Large  operations  in  that  countiy 
should,  however,  be  preceded  by  the  establishment  of  American  Bank- 
agencies,  as  the  local  banks  are  not  in  a  position  to  finance  the  plantations 
without  such  assistance.  In  view  of  this  it  seems  most  Ic^cal  that 
American  banks  should  lend  assistance  to  an  industry  which  is  undeveloped 
chiefly  for  lack  of  funds.  If  this  financial  cud  is  refused  by  America,  the 
fore^  investment  companies  will  no  doubt  soon  realize  the  advantages  <^ 
the  situation. 

Plantation  rubber  has  been  purchased  with  hesitation  by  the  smaller 
manufacturers,  as  they  are  not  prepared  to  do  much  experimental  wotk. 
The  commereial  grades  yield  different  results  when  compounded,  and  these 
variations  can  be  traced  to:  (1)  the  chemical  composition  of  the  rubber; 
(2)  the  age  of  the  tree  from  which  the  rubber  was  obtained;  (3)  the 
manner  of  collecting  and  coagulating  the  latex.  It  is  conceded  that  one 
method  of  coagulation  will  not  serve  for  all  varieties  of  latex.  Hence, 
it  is  important  that  the  ultiinate  consumer  know  the  methods  used  on 
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the  rubbers  which  he  buys,  so  that  this  may  be  takeo  isto  consideratioa 
when  the  gum  is  compounded  in  the  factoiy. 

The  market  value  of  crude  rubber  is  influenced  by  many  factors,  among 
which  are:  (1)  Tackineaa,  especially  noticeable  in  soft  Guayule  rubber 
containing  much  resin.  (2)  Acidity,  found  chiefly  in  acidnxwgulated  plan- 
tation rubber.'  (3)  S(^tnes»,  in  poorly  cured  Para  rubber  and  African 
rubbers.  (4)  Cleanneaa,  in  cases  where  the  rubber  is  sold  in  the  washed 
and  dried  condition.  (5)  The  prirportion  of  unsmoked  or  poorly  smoked 
latex  in  the  "  pelles  "  or  Para  rubber.  (6)  Toughness.  (7)  The  age  of 
the  "  pelle," — fresh  pelles  contain  more  moisture  than  those  which  have 
been  stored  for  some  months.  (8)  Color — pale  rubber  is  for  some  unknown 
reaaoD  uniformly  preferred  by  buyers.  (9)  TensHe  strength — this  is  deter- 
mined by  mixing  up  the  rubbers  on  a  "  standard  recipe  "  and  then  com- 
paring the  tensile  strength  of  the  cured  compounds.  (10)  Stretch,  is  deter- 
mined by  observing  the  extent  to  which  a  strip  of  vulcanized  rubber  com- 
pound can  be  stretched  without  rupturing  it. 

Reclaimed  Rubber.  This  material  occurs  in  commerce  in  many 
grades,  varying  in  price  from  10  to  50  cents  per  pound.  It  is  known  as 
reformed,  recovered,  or  regenerated  rubber.  The  colors  usually  found  are 
red,  white,  and  black.  Commercial  samples  of  high-grade  "  floating 
stock  "  and  a  low-grade  stock,  "  heavier  than  water,"  showed  on  analysis 
(in  round  numbers) : 


FloatiDR. 

H.«y. 

90,00 
4  00 
2.95 
3-00 
0-05 

1.00 

57.00 
10.00 
30.45 
2,50 
0.05 

1.17 

Aceton-soluble  m&tter. . . . 

The  reclaimed  rubber  offered  to  nibbei^goods  manufacturers  is  fre- 
quently designated  accordii^  to  its  origin,  as  "  gum-shoe  stock,"  "  tire- 
tread  stock,"  "  au-brake-hose  stock,"  etc.  The  processes  of  reclaiming 
may  be  considered  under  three  groups:  (1)  the  removal  of  textile  fibers; 
(2)  the  removal  of  sulphur;  (3)  the  removal  of  mineral  matter.  The 
separation  of  cotton  fiber  from  scrap  rubber  can  be  effected  by  the  Flota- 
tion method.  In  this  case  the  shredded  scrap  is  subjected  to  fractionation 
by  means  of  an  air  blast.  The  heavier  particles  (the  rubber  compound) 
are  left  behind  while  the  fiber  is  blown  off.  The  most  advanced  procedure 
is  that  known  as  the  Mitchell  method  (U.  S.  P.  No.  395,987,  issued  m  1889 
to  J.  E.  Mitchell  of  Philadelphia).  According  to  this  process,  the  waste 
rubber  is  immersed  in  an  acid  solution  in  a  sealed  vessel  and  subjected 
to  pressure  above  the  boiling-point,  in  fact  240°  F.  until  the  material 
is  corroded  and  removable  by  washing,  after  which  the  waste  is  steamed  at 

.       D,uMz.;l;,V.OOglC 


832  INDUSTRIAL  CHEMISTRY 

high  pressure  to  effect  devulcanization.  The  removal  of  sulphur  from 
scrap  rubber  is  beat  accomplished  by  means  of  the  Marks  alkali  method. 
This  is  covered  by  U.  S.  Patent  No.  635,141  granted  to  Arthur  Marks 
in  1899.  This  consists  in  subjecting  the  ground  rubber  waste,  when 
submerged  in  a  dilute  alkaline  solution  (for  example  a  3  per  cent  solution 
of  caustic  soda)  to  the  action  of  heat,  say  from  344  to  370°  F.  for 
twenty  hours,  under  conditions  which  prevent  the  evaporation  of  any 
considerable  quantity  of  the  solution.  It  is  claimed  for  the  process  that 
it  so  removes  vegetable  fiber  and  sulphur  from  vulcanized  rubber,  that 
when  the  product  of  the  process  is  thoroughly  washed  to  remove  the 
chenucals  there  remains  devulcanlzed  rubber  having  substantially  the 
characteristics  of  fresh  rubber  and  capable  of  being  used  in  like  manner. 
In  this  process  the  caustic  soda  acts  directly  on  the  sulphur,  and  the 
rubber  is  softened.  Another  process  used  for  the  removal  of  free  sulphur 
from  scrap  rubber  is  known  as  the  "  Oil  method."  In  this  case  the  ground 
rubber  scrap  is  mixed  with  rosin  oil  or  with  plant  oils  and  this  mixture 
ie  placed  in  autoclaves  at  h^  temj>eratures.  The  sulphur  of  the  rubber 
compound  is  attracted  by  the  oil,  the  oil  is  sulphurized  and  the  final  result 
is  a  plastic  product  which  can  be  added  to  fresh  rubber  compounds  and 
revulcanized.  For  the  removal  of  the  mineral  matter  from  old  rubber 
goods  it  has  been  proposed  to  use  the  Centrifugal  method.  In  this  case 
the  ground  is  treated  with  gasolene,  benzol  or  other  light  solvent  and  the 
whole  mass  is  placed  in  a  centrifugal  separator.  Reclaimed  rubber  is 
frequently  preferred  by  manufacturers  to  other  oi^anic  fillers,  because 
it  does  actually  contiun  more  or  less  rubber,  even  though  this  rubber  con- 
tent may  be  low.  Skilled  buyers  of  this  material  usuaily  calculate  its 
value  in  a  way  similar  to  the  following: 

"  If  a  100-pound  lot  of  reclaimed  rubber  contains  50  ponnds  actual 
rubber,  and  50  pounds  substances  not  rubber  (average  value  2  cents 
per  pound),  what  does  this  rubber-eubstance  cost  me?"  If  fairly  good 
rubber  can  be  bought  at  50  cents  per  pound,  this  rubber-content  would 
have,  (U  moat,  a  value  of  50  poundsX50  cente=S25.  Hence,  such  a 
reclaimed  rubber  should  not  cost  the  consumer  much  above  25  cents  per 
pound.  This  simple  problem  in  calculation  some  consumers  seem  to 
have  overlooked. 

Aside  from  the  chemical  tests  indicated  in  the  analysis  shown  above 
the  buyer  lays  great  stress  on  the  results  of  the  tensile  strength  test  and 
the  "  Permanent  set  after  elongation."  The  U.  S.  Court  of  Customs 
AppetUs  in  1911  decided  that  reclaimed  rubber  is  not  a  manufactured 
article. 

0^;anic  Fillers.  This  group  of  compounding  materials  includes  a 
great  variety  of  substances  which  are  valued  because  they  possess  a  certain 
cohesiveness  and  they  combine  readily  with  most  other  fillers.  Materials 
containing  more  than  0.5  or  1.0  per  cent  of  moisture  or  "  matter  volatile 
at  150°  C."  are  generally  barred  from  use.    (1)  Brown  substitute  is  made 
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by  heating  oertain  vegetable  oils  with  powdered  sulphur  at  higher  tempera- 
tures. (2)  White  substitute  is  made  by  treating  vegetable  oils  with  dilute 
solutions  of  sulphiu  chloride.  These  oil  subetitutes  are  useful  in  compound- 
ing stock  which  is  to  be  forced  through  a  tubing  machine.  White  floating 
substitute  is  a  carefully  prepared  variety,  valued  because  of  its  low  specific 
gravity.  The  analysis  of  these  substitutes  includes  a  detennination  of:- 
Ash,  moisture,  free  sulphur,  organic  aceton  soluble  matter.  (3)  Pitch 
hydrocarbons  include  the  pitch  residue  obtained  from  coal  tar,  the  blown- 
pitch  residue  obtained  in  petroleum  distillation,  and  the  stearin  pitch 
obtained  as  a  side  product  in  the  manufacture  of  stearic  acid.  It  should 
be  remembered  that  coal-tar  pitch  contains  mostly  saturated  hydrocarbons, 
petroleum  pitch  contains  mostly  unsaturated  hydrocarbons  and  stearin 
pitch  contains  more  or  less  saponifiable  matter  which  is  capable  of  uniting 
with  sulphur  at  high  temperatures.  "  Kapak "  is  a  valuable  hydro- 
carbon prepared  from  Gilsonite  and  Elaterite  and  asphaltum.  (4)  Vege- 
table oils  and  waxes.  (5)  Animal  fats  and  waxes.  (6)  Mineral  fats  and 
waxes  including  vaseline  and  paraffin.  (7)  The  ^ue-tamiin  compound 
softened  with  ^ycerol  is  extensively  used  as  ao  addition  to  rubber  com- 
pounds. 

JSineral  Fillers.  This  group  of  compounding  ingredients  indudes: 
(1)  Accelerating  agents — substances  which  hasten  the  "  cure."  (2) 
Strei^thening  agents—substances  whjch  increase  the  tensile  strength  and 
decrease  the  extreme  elasticity  of  rubber.  (3)  Weighting  agents — sub- 
stances which  are  added  more  especially  to  reduce  the  "  price  per  pound  " 
of  the  finished  product.  (4)  Coloring  agents.  (5)  Abrasive  ^ents — for 
erasers.  (6)  Dehydrating  agents  which  prevent  the  formation  of  blistetB 
during  vulcanisation.  (7)  Vulcanizing  agents:  sulphur  is  the  essential 
ingredient  of  all  rubber  mixings  which  are  to  be  vulcanized. 

Commercial  antimony  pentarsulphide,  known  in  the  trade  as  crimson 
Sditimony,  usually  contains  from  15  to  17  per  cent  of  free  sulphur,  and  the 
vulcanizing  power  of  that  material  is  undoubtedly  due  to  this  fact.  Anti- 
mony penta-sulphide  also  acts  as  a  carrier  of  sulphiu,  so  that  rubber  may 
be  vulcanized  by  using  it  in  conjimction  with  smaller  quantities  of  sul- 
phur than  would  otherwise  be  needed.  Goods  containing  sulphide  of 
antim<my  will  be  colored  red,  but  not  all  rubber-goods  which  are  red  con- 
tain it.  In  recent  years  red  oxide  of  iron  and  insoluble  oiganic  colors 
have  been  used  as  substitutes  for  the  red  color  of  the  expensive  antimony 
compound. 

Litharge  and  magnesia  are  usually  classed  as  sulphur  "  carriers,"  as 
it  has  been  observed  that  compounds  containing  these  materials  vulcanize 
more  readily  than  those  which  do  not.  Rubber  products  containing 
litharge  or  any  other  lead  compound  will  be  colored  black,  hence  the  analyst 
concl^es  at  once  that  white  and  Ught-colored  products  do  not  contain 
any  lead.  Barytes,  Uthopone,  zinc  oxide,  whiting,  gypsum,  magnefflum 
carbonate,  asbestos,  silica,  natural  siUcates,  belong  to  a  group  of  mate- 
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rii^  which  are  useful  in  the  production  of  white  rubber-goods.  They 
incidentally  add  body  and  rigidity  to  the  product,  and  enable  the  manu- 
facturer to  sell  his  goods  at  a  fair  price. 

A  comdderable  part  of  the  whiting  used  in  rubber-goods  manufacture 
is  known  in  the  trade  as  "  water-floated."  In  this  process  the  crude  chalk 
mined  in  England  and  France  is  mixed  with  water  in  large  tanks  in  such 
a  manner  that  the  heavy  particles  of  flint  have  an  opportunity  to  settle  to 
the  bottom  of  the  tank.  By  arranging  these  settling-boxes  ten  or  fifteen 
in  a  series  it  is  possible  to  obtain  a  product  quite  free  from  this  contominar 
tion.  The  whiting  so  produced  can  be  bolted  through  a  "  2100-meek  " 
wire  screen  without  difficulty. 

Graphite,  used  to  a  lai^  extent  in  steam  packings,  is  prepared  on  an 
industrial  scale  by  "  air-flotation."  In  this  process  the  heavy  particles 
containing  alumina,  silica  and  iron  sink  to  the  floor  of  the  chamber  while 
the  lighter  particles  of  graphite  are  blown  to  the  farther  end  of  the  com- 
partment by  means  of  a  current  of  air.  In  the  preparation  of  this  mate- 
rial the  method  of  "  water-flotation  "  is  obviously  imposable,  as  the 
graphite  has  a  distinct  water-repellent  property. 

It  seems  necessary  to  correct  the  presumption  that  all  these  materials 
are  adulterants.  The  tremendous  elasticity  of  pure  rubber  compounds 
would  be  of  little  value  to  the  user  of  airbrake-hose,  rubber  mats,  and  hotr 
water  bottles.  And  it  is  chiefly  ^r  this  reason  that  the  manufacturer 
is  constantly  on  the  lookout  for  materials  which  will  counteract  this  exces- 
sive elasticity  and  incidentally  increase  the  tensile  strength  of  the  finished 
compound.  This  interdependence  of  "strength"  and  "etretch"  in 
rubber-goods  is  a  fact  which  cannot  be  ^nored  in  the  rational  compound- 
ii^  of  rubber. 

The  coloring  matters  at  the  disposal  of  the'  rubber  chemist  are  few 
in  number,  owing  to  the  impossibly  hi^  prices  of  the  brilliant  pig- 
ments. The  principal  colorii^  materials  now  in  use  are:  vermHioD, 
antimony  sulphide,  red  oxide  of  iron,  ultramarine,  lampblack,  chrome 
yellow,  burnt  umber,  and  burnt  sienna.  Certain  lakes  of  organic  dyes 
have  also  been  used  successfully  for  coloring  rubber  compounds. 

Proteid  Fillers.  The  use  of  animal  glue  as  a  valuable  addition  to 
rubber  compounds  has  been  known  since  about  the  year  1910.  For  this 
purpose  ^ue  paste  is  treated  with  cresol,  or  tannin,  or  formaldehyde 
or  bichromates.  Valuable  products  are  also  obtained  by  using  two  ot 
more  of  these  materials  in  conjunction  with  the  glue. 

Solvents.  Oiganic  solvents  used  in  the  rubber  industry  are  few  in 
number.  In  the  "  cold  cure  process  "  the  sulphur  chloride  is  dissolved 
in  carbon  tetrachloride  or  in  benzol.  For  the  preparation  of  cements,  a 
petroleum  naphtha  of  85°  B^.  is  used.  For  washing  the  iron  cores  of  rubbw- 
covered  rolls  to  aid  the  adhesion  of  the  rubber  compound  to  the  iron,  a 
hi^y  volatile  solvent  is  preferred.  Naphtha  of  85"  B6.  and  pure  bennl 
have  been  used  for  this  piupose.    For  the  removal  of  reaos  from  low- 
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grade  rubbers,  the  material  ia  extracted  io  special  apparatus  with  aceton. 
Since  the  opeiiiDg  of  the  war  in  Europe,  a  series  of  oils  known  as  "  ketone 
solvent "  have  foimd  successful  application  in  resin  extraction.  They 
are  obtained  from  the  distillatioD  of  hard  woods  and  are  designated  as 
No.  1  Solvent  (B.  P.  under  lOO"  C),  No.  2  Solvent  (B,  P.  under  160'  C), 
and  No.  3  Solvent  (B.  P.  under  200°  C). 

At  this  point  mention  should  also  be  made  of  the  crude  carbolic  acid, 
pine  oils  and  rosin  oils  used  in  the  reclaiming  of  rubber  by  the  oU  process. 

Textdes.  The  textile  materials  used  in  the  rubber  industry  include: 
(1)  The  cotton  yam  used  in  the  manufacture  of  jackets  for  cotton-rubbei^ 
lined  hose;  (2)  hose  duck,  used  for  the  manufacture  of  hose  for  conv^- 
ing  steam,  water  and  air;  (3)  belting  duck,  used  in  the  construction 
of  belting  for  conveying  ores  and  belting  for  power  transmission;  (4) 
auto  tire  duck,  used  for  building  the  body  of  autopiobile  tires;  (5)  packing 
duck,  used  in  the  coDstruction  of  such  producta  as  "  Manhattan,  rock- 
hard,  hydraulic  piston  packing." 

Asbestos  fiber  has  been  used  very  successfully  in  the  manufacture  of 
high-pressure  packings  used  in  modem  steam  turbines.  These  are  knows  an 
asbestos-rubber  packings  and  are  marketed  under  such  names  as  "  Tauril  " 
and  "  Durabla."  Heavy  asbestos  fabric  interwoven  with  fine  copper  wire 
has  been  used  for  some  time  in  the  manufacture  of  "  brake  band  linings  " 
for  automobiles. 

Processes. 

The  operations  of  the  rubber  industry  may  be  grouped  into:  (1)  Pre- 
liminary processes,  including  coagulating  the  latex,  washing.  (2)  Principal 
processes,  including  mixing,  calendering,  vulcanizing.  (3)  Special,  such 
as  extrusion  of  tubing  for  auto  inner  tubes;  cutting  tubing  on  the  lathe, 
for  jar-rings;  vulcanizing  semi-cured  tubes  in  the  fire  hose  jacket;  manu-* 
facture  of  automobile  tires. 

Coagulation.    The  principal  methods  used  for  coagulation  are: 

1.  The  use  of  heat  and  smoke.  Thi^  is  the  chief  metliod  used  in 
the  Amazon  valley  where  the  latex  is  exposed  over  a  fire. 

2.  Heating  the  undiluted  latex. 

3.  Diluting  the  latex  and  adding  chemical  solutions  in  the  cold.  The 
chonicals  used  in  Brazil  are  alum  and  phenol,  while  acetic  acid  and 
tartaric  acid  are  used  on  the  plantations  of  the  Middle  East. 

4.  Placing  the  diluted  latex  in  a  centrifuge.  The  rubber  is  separated 
from  the  water  in  a  way  similar  to  that  observed  in  the  "  cream  separator." 

Method  No.  1  deserves  special  mention.  It  has  been  adjusted  to  meet 
modem  requirements  by  J.  A.  Da  Costa  of  Para,  Brazil,  and  Robert 
Bridge  of  Manchester,  England.  This  process  consists  in  the  injection 
of  wood-smoke  into  the  latex  by  means  of  steam,  at  a  comparatively  low 
pressure.  Coagulation  b  effected  by  the  volatile  acids  and  creosote  in 
the  smoke,  so  that  many  gallons  of  latex  can  be  treated  in  a  few  minutes, 
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aDd  the  rubber  ia  removed  completely  from  Uie  water.  The  method 
closely  approaches  that  used  originf^y  by  ihe  natives  of  Brazil.  The 
product  is  far  superior  to  that  obtained  by  the  various  methods  of  coagu- 
lation witit  chemical  solutions, 

Washing.    The  first  operation  which  is  carried  out  at  the  rubber^oods 
factory  is  the  washing  of  the  crude  rubber.    Figs.  330  and  331  repre- 


Fio.  331. 

sent  a  top  and  side  view  of  the  Wemcr-Pfieiderer  rubber  washer  em- 
ployed for  the  purpose  of  removing  bark  and  wood  and  water-soluble 
impurities  from  the  rubber.  It  seems  almost  as  if,  even  this  operation 
would  be  eliminated  from  the  factory  as  the  plantation  rubbers  are  now 
put  on  the  market  in  the  washed  and  dried  condition,  and  many  manu- 
facturers are  beginning  to  discontinue  the  use  of  the  wild  unwashed  rub- 
bers.   This  is  a  most  desirable  state  of  affairs,  as  the  operations  ot 

D,uMZK;l;,V.OOglC 


RUBBER  AND  RELATED  GUMS  837 

washing  and  drying  rubber  can  be  conducted  with  advantage  direcUy  at 
the  primary  nmrkete.  Moreover  the  transportation  of  2fi  to  40  per  cent 
of  worthless  foreign  matter  is  rather  irrational. 

No  doubt  the  Brazilians  will  soon  realize  the  advantages  to  be  gained 
by  carrying  out  these  operations  near  the  source  of  production,  just  as  is 
DOW  being  done  in  Malaya  and  Ceylon.  The  washing  operation  consists 
in  passii^  the  crude  material  over  and  over  again  between  corrugated 
rolls  while  it  is  being  sprayed  by  a  seriea  of  fine  streams  of  water.  Rolls 
grooved  in  the  form  of  a  diamond  are  now  generally  preferred,  especially 
in  those  cases  where  the  sheets  are  to  be  transported  some  distance.  The 
deep  ridges  in  this  case  allow  of  a  free  circulation  of  air,  and  thus  prevent 
the  formation  of  mildew.  For  use  in  the  factory,  it  is  su^ested  that  a 
battery  of  two  machines  be  used.  The  first  to  have  "  rough-cut  "  rolls, 
the  second  to  have  "  medium-rough  "  surfaces.  A  convenient  size  of 
rolls  is  18  ins.  diameter,  and  30  ins.  long.  They  may  be  driven  by  indi- 
vidual electric  motors,  and  geared  to  a  differential  speed  of  six  revolutions 
(back  roll)  to  five  revolutions  (front  roll). 

.  Araodem  type  of  washing  machine,  Figs.  330  and  331,  is  especially  well 
adapted  to  the  washing  of  scrap  rubber  is  that  known  as  the  W.  and  P. 
Universal.  The  arrangement  of  the  rollers  and  the  shape  of  the  machine 
is  auch  as  to  allow  the  washing  to  be  done  with  the  miniTniiTn  pressure  on 
the  rubber.  At  the  same  time  the  sand  and  bark  are  discharged  auto- 
matically as  they  leave  the  rubber.  The  product  is  in  the  form  of  rather 
thick  pieces  which  must  be  craped  before  drying.  In  such  a  machine  300 
pounds  of  dirty  African  rubber  can  be  washed  in  one-half  hour,  using  20- 
horse-power.  The  machine  requires  little  attention  from  the  workman. 
Drying.  The  operation  of  drying  is  most  necessary,  as  moist  rubber 
can  under  no  circumstances  be  used  for  rubber  mixings.  If  the  material 
were  to  be  put  on  the  mixing  rolls  immediately  after  washing,  much  time 
would  be  consumed  in  heating  the  rolls  and  the  rubber  to  a  temperature 
which  would  insure  the  expulsion  of  the  water.  For  this  very  simple 
reason  the  manufacturer  in  his  factory,  or  the  grower  on  the  plantation, 
dries  his  product.  In  the  early  days  of  the  industry,  rubber  was  hung 
up  to  dry  for  a  period  of  six  months,  and  the  drying  was  done 
in  special  "  lofts "  through  which  a  current  of  dry,  warm  air  was 
passed.  Manufacturers  in  America  have  replaced  this  time-consuming 
method  by  more  modem  drying  process.  Those  who  have  refused 
to  adopt  this  method  for  mechanical  rubber-goods  may  well  be  said  to 
have  dropped  out  of  the  procession.  On  the  other  hand  it  is  generally 
admitted  that  rubber  for  pure  gum  articles,  elastic  thread,  and  elastic 
bands  should  be  dried  by  the  older  process.  The  modem  vacuum  dryer. 
Figs.  21  and  22,  has  made  it  possible  for  the  manufacturer  to  use  tJie 
rubber  twenty-four  hours  after  it  has  been  washed — in  fact,  it  may  be 
taken  directly  out  of  the  drying  chamber  and  put  on  the  mixing  mill, 
thus  avoiding  the  necessity  of  "  breaking-down  "  the  rubber.     In  the 
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vacuum  dryer  the  washed  rubber  ia  laid  in  pans  after  it  has  been  sprinkled 
with  talcum  powder  (soapstone).  An  apparatus  which  will  dry  2  tons 
of  rubber  in  ten  hours  occupies  a  space  9'X9'X15'. 

Breaking  down,  in  the  majority  of  cases  immediately  precedes  the 
mixing  operations  on  the  same  machines.  It  is  done  for  the  purpose 
of  rendering  the  rubber  plastic  and  eliminating  the  innumerable  air 
spaces  which  are  noticed  in  the  rubber  as  it  emerges  from  the  vacuum 
dryer,  or  from  the  old-style  drying  room.  In  order  to  "  break-down  " 
the  material  it  is  run  on  the  rolls  until  it  has  become  quite  warm.  In  the 
case  of  Para  rubber,  a  rather  high  temperature  is  required,  and  even 
then  some  time  is  consumed  before  this  is  accomplished.  For  this  reason 
hard,  fine  Para  rubber  is  sometimes  broken-down  by  the  consumer  in 
advance  of  the  time  when  it  is  to  be  mixed.  After  this  operation  the 
rubber  appears  in  sheets  1  inch  or  1}  inches  thick,  mth  a  rather  smooth, 
shiny  aurface.  It  may  then  be  put  aside  for  any  length  of  time  until 
required. 

Mixing.  The  mixing  operation  has  for  its  purpose,  primarily  the  ad- 
mixture of  some  vulcanizing  agent  with  the  rubber.     This  then  is  the 


Fig.  332.— Farrel  Rubber  Mixing  Mill. 

simplest  form  of  rubber  mixing  which  can  be  produced.  A  glance  at 
the  interior  of  a  rubber  factory,  or  a  look  at  a  garden  hose  which  has 
pas.%d  through  an  intense  fire  telt,  us,  however,  that  there  are  other  ma- 
terials besides  rubber  used  in  rubber  mixings.  These  materials  have  been 
reviewed  previously  under  "  Materials  "  as  Organic  Fillers  and  Mineral 
Fillers. 

The  mixing  mill,  Fig.  332,  consists  essentially  of  two  hollow  steel 
rolls  revolving  against  each  other.  The  front  roll  makes  approximately 
16  revolutions  per  minute  while  the  rear  oQe  makes  24.    Suitable  appli- 


RUBBER  AND  RELATED  GUMS  830 

ancea  m&ke  it  possible  to  lead  either  steam  or  cold  water  into  each  oS 
the  rolls.  T\aa  is  most  necessary  when  working  very  soft  or  very  tough 
mixing?.  In  the  latter  case,  it  is  at  times  difficult  to  maintain  the  whole 
mixture  in  a  state  of  plasticity,  and  then  the  operator  can  resort  to  steam 
for  heating  the  rolls.  As  a  result  of  the  uneven  speeds  at  which  the 
.  front  and  the  rear  rolbs  revolve,  the  compound  usually  clings  to  the 
slower-moving  "  front  "  roll  (the  one  nearest  to  the  operator).  If,  how- 
ever, the  mix  becomes  very  hot  or  the  rolls  are  pressed  too  close  together 
tiie  ccunpound  will  wrap  around  the  back  roll.  In  order  then  to  brii^  it 
back  to  the  front  roll,  the  operator  turns  cold  water  into  the  rear  roll  and 
loosens  the  set  screws  which  serve  to  jam  the  rolls  together.  It  is  impor- 
tant to  note  that  the  mixing  operation  must  not  be  unduly  proloi^sed, 
and  for  this  reason  the  operator  must  use  every  minute  of  Ids  time  to 
advantage  when  there  is  a  "  batch  "  on  the  rolls.  If,  for  any  reason,  he 
has  lagged,  this  will  soon  be  apparent  in  the  consistency  of  the  mixture. 
It  becomes  very  hot  and  sticky  and  it  is  difficult  to  remove  it  from  the 
rolls  by  the  usual  method  of  cutting  oR  with  a  knife.  A  far  more  impor- 
tant result  of  this  overworking  is  the  defect  known  as  "  fatigue."  This 
being  interpreted  means  that  the  rubber  loses  ^nuch  of  its  rubbery  quality, 
its  "  nerve,"  and  when  the  vulcanized  product  is  t«sted  for  tensile  strength 
and  "  stretch,"  abnormally  low  figures  are  obtained.  A  skilled  mixer 
must  be  able  to  produce  a  homogeneous  mixture  of  the  rubber  and  the 
fillers,  with  a  minimum  loss  of  material,  in  a  reasonable  time.  This  last 
term  will  vary  with  the  character  of  the  filters  which  are  used  in  the 
mixing.  Thus  m^^esia  and  lampblack  are  very  light  and  "  fluffy,"  and 
for  this  reason  are  qiute  difficult  to  incorporate  with  the  rubber.  The 
"  time  "  factor  is  influenced  also  by  the  speed  of  the  mixing  rolls,  the 
size  of  the  mixing  rolls,  and  the  total  weight  of  the  "  batch  "  to  be  mixed. 
Immediately  after  being  cut  from  the  rolls  the  batch  weighing  anywhere 
from  25  to  100  pounds,  is  thrown  on  the  table  in  the  batch  stor^e  room 
and  is  there  sprinkled  liberally  with  soapstone  in  order  to  prevent  stick- 
ing to  the  table.  If  it  is  to  be  used  at  once  it  is  transfeired  directly  to  the 
calender,  while  it  is  still  hot. 

Calendering.  The  purpose  of  calendering  the  rubber  "  douf^  "  or 
"  batch  "  is  to  produce  sheets  of  uniform  thickness,  which  can  be  vul- 
canized for  steam  packings,  or  for  building  up  articles  of  greater  thickness. 
The  machine,  Fig.  333,  in  almost  all  cases  consists  of  three  rolls  placed  ver- 
tically one  above  the  other.  If  these  be  designated  as  No.  1,  beginning 
at  the  uppermost  roll,  we  note  that  No.  1  and  No.  3  revolve  "  clockwise  " 
while  No.  2  revolves  anti-clockwise.  The  warmed  rubber  dough  (or 
compound)  is  fed  in  between  rolls  No.  1  and  No.  2.  It  then  passes  around 
roll  No.  2  and  finally  between  roll  No.  2  and  roll  No.  3.  As  it  emei^es 
from  these  rolls  is  it  led  to  a  near-by  winding  roll  which  revolves  anti-clock- 
wise. A  layer  of  muslin  is  wound  between  the  layers  of  the  sheeted  rub- 
ber, while  it  is  wound  on  the  winding  roll.    This  prevents  the  layers 
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ham  adbering  to  one  aaother.  Fabrics  which  are  used  in  buildup  up 
rubber  belting,  and  automobile  tires,  have  a  thin  layer  of  rubber  com- 
poimd  applied  to  them  on  the  "  friction  calender."  In  this  case  the  cal- 
ender is  arranged  so  tluit  roll  No.  3  moves  more  slowly  than  roll  No.  2. 
This  differential  speed  causes  the  compound  to  be  nibbed  well  into  tJie 
fabric. 

Vulcanizing.  The  object  of  vulcanization  is  to  produce  a  chemical 
^jnion  of  rubber  with  sulphur,  and  thus  obtain  a  material  which  will  possess 
strength  and  elasticity.  It  was  first  observed  by  Charles  Goodyear,  of 
New  Haven,  Conn.,  in  1839,  and  later  independently  recorded  by  Hiomas 


Pia.  333.— FuTd  Rubber  Calendar. 

Hancock,  of  London,  Eng.,  in  1843.  These  experimenters  heated  rubber 
with  sulphur  while  the  mass  was  under  pressure,  but  Alexander  Parkes,  of 
Birmingham,  Eng.,  showed  in  1846  that  thin  layers  of  rubber  may  be 
vulcanized  by  immersing  in  a  solution  containing  2  or  3  cc.  of  sulphur 
chloride  in  100  cc.  of  such  volatile  solvents  as  carbon  disulphide,  carbon 
tetrachloride,  and  benzol.  The  Goodyear  method  is  known  as  the  steam 
cure,  and  is  carried  out  in  an  autoclave  or  in  a  press  between  plates.  The 
Parkes  method  is  known  as  the  acid  cure  (or  the  cold  cure),  and  is  carried 
out  by  immersing  the  article  in  a  tank  containing  the  solution  of  sulphur 
chloride.  Thp  poisonous  character  of  the  gas  makes  it  necessary  to  use 
a  hood  in  connection  with  this  "  dipping "  method.  The  process  of 
vulcanizing  or  *'  curing  "  rubber-goods  by  Goodyear's  method  is  influenced 
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by  several  factors,  among  which  may  be  mentioned:  (1)  the  rubber  which 
has  been  used;  (2)  admixture  of  "  catalytic  "  agents  to  the  coropound; 
(3)  proportion  of  sulphur  in  the  mixture;  (4)  the  temperature  at  which 
the  goods  are  "  cured  ";  (5)  the  time  or  duration  of  the  cure;  (6)  admix- 
ture of  basic,  or  dehydrating  agents  to  the  compound.  The  methods  of 
vulcanization  in  use  at  the  present  day  vary  according  to  the  kind  of 
goods  to  be  treated.  Thus  automobile  tires,  air-brake  hose,  rubber  belting, 
toy  balloons,  and  rubber  overshoes  are  each  cured  according  to  a  special 
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method.    These  methods  are  known  as:  (1)  steam  cure,  (2)  dry  heat  cure, 
(3)  press  cure,  (4)  cold  cure,  (5)  vacuum  cure. 

Manufacture  of  Rubber-covered  Wire.  In  this  process  both  wild 
"  Para  "  rubber  and  cultivated  "  Hevea  "  rubber  is  used.  The  con- 
sumers of  wire  now  recognize  the  fact  that  it  is  important  to  specify 
the  chemical  and  physical  properties  which  the  product  must  pos- 
sess. After  washing  and  drying,  the  rubber  is  mixed  with  sulphur, 
and  certain  minerals  and  organic  materials,  such  as  zinc  oxide,  talc, 
whiting,  litharge,  barytes,  white  lead,  parafHn  wax,  montan  wax,  ceresin, 
and  ozokerite.  Other  materials  used  in  the  manufacture  of  insulated  wire 
are:  gutta-percha,  balata,  and  coal-tar  pitch.  These  materials  are  mixed 
with  the  rubber  in  the  usual  manner.  The  "  dough  "  is  then  pressed  on 
to  the  wire  through  dies,  or  it  is  applied  in  the  form  of  a  longitudinal 
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strip  which  is  pressed  around  the  wire  in  tubular  form.  Copper  wfaich 
is  in  direct  contact  with  vulcanieed  rubber  will  suffer  corrosion  if  there  is 
an  excess  of  sulphur  in  the  compound.  This  in  time  will  interfere  with  the 
insulating  power  of  the  coverii^,  hence  the  copper  wire  is  tinned,  and 
wr^ped  with  a  thin  layer  of  unvutcaoized  rubber  before  the  final  covering 
is  put  on. 

In  the  "  Seamless  Method "  insulating,  the  compound  is  forced, 
while  in  a  soft  state,  throi^  a  hole  in  a  tubing  machine.  The  diameter 
of  the  hole  is  equal  to  the  desired  outeide  diameter  of  the  insulation  on 
the  wire  which  is  being  made  up.  The  con-pound  is  forced  out  of  the 
machine  by  means  of  a  hollow  screw.  Through  the  center  of  the  screw 
the  copper  wire  is  fed  forward  at  a  predetermined  rate  of  speed. 

In  the  "  Seam  Method  "  thin  sheets  of  rubber  are  passed  though  spe- 
cially grooved  rolls  through  the  center  of  which  the  wire  to  be  insulated 
runs.  These  ^eets  are  pressed  tightly  around  the  nire,  and  locked 
together  by  means  of  a  seam  automatically  formed  by  the  rolls.  The 
edges  of  the  upper  and  lower  sheets  of  rubber  are  folded  into  each  other. 
Vulcanization  is  carried  out  by  placing  the  covered  wire  in  a  chamber 
containing  steam  under  pressure,  or — heated  air.  The  t«uperature  in 
the  vulcanizer  varies  from  120  to  150°  C,  and  the  duration  of  the  treat- 
ment varies  from  one  hour  to  two  or  three  hours,  depending  upon  the  par- 
ticular product  which  is  being  manufactured^ 

Products 

Manufactured  rubber-goods  may  be  rou^ly  divided  into  those 
containing  textile  fibers  and  those  which  do  not  contain  this  material. 
This  is  a  distinction  which  would  be  made  by  a  reclaimer  ol  old  rubber- 
goods,  because  of  the  fact  that  different  methods  of  reclaiming  must 
be  applied  in  the  two  cases.  In  the  first  division  we  find  automobile 
tires,  garden  hose,  railroad  hose,  belting  for  power  transmission  and 
conveying  door-mats,  and  fire  hose. 

In  the  second  division  we  find  the  major  portion  of  all  druggists' 
sundries,  erasers,  elastic  bands,  dental  gum,  stamp  gum,  steam  pack- 
ings and  laboratory  tubing.  Other  rubber  products  are:  rain-shoes, 
rain-coats,  cements,  "  Ebonite "  combs,  bath  sponges,  insulated  wire, 
thread  for  elastic  webbings  (suspenders  and  stocking  garters),  football 
bladders,  toy  balloons,  syringes,  solea  and  heels  for  shoes. 

Ebonite,  or  hard  rubber,  is  the  term  applied  to  the  [Umluct  obtamed 
when  rubber  is  mixed  and  vulcanized  with  h^  percentages  of  sulphur. 
In  this  case  the  compounder  uses  as  much  as  30  poimds  of  sulphur  for 
each  100  pounds  of  rubber  used  in  the  recipe,  while  in  the  usual  rubber 
mixings  he  would  use  from  5  to  7  pounds  of  sulphur  for  that  much  rubber. 
Investigation  has  shown  that  rubber  is  capable  of  combining  chemically 
with  varying  amounts  of  sulphur,  but  this  remarkable  "  power  of  accom- 
modation "  has  not  yet  been  satisfactorily  explained. 
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The  dif^ram,  Fig.  335,  has  been  prepared  to  show  in  a  general  way  the 
conversion  of  latex  into  manufactured  rubber-goods.  The  products 
mentioned  above  can  be  made  out  of  the  materials  indicated,  but  it  cannot 
be  said  that  each  article  mentioned  is  always  made  out  of  all  the  materials 
shown.  In  the  manufacture  of  all  classes  of  rubber  goods  there  is  obtained 
a  certain  amount  of  "  unvulcanized  scrap."  If  this  contains  textiles  it 
is  reclaimed  by  destroying  the  vegetable  fiber.    If  it  contains  no  textiles 
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it  is  returned  directly  to  the  original  batch  or  compound  without  further 
treatment. 

The  automobile  tire  industry  is  to-day  the  most  important  branch 
of  the  rubber  industry  so  far  as  the  value  of  the  product  is  concerned. 
Pearson  estimates  the  consumption  of  rubber  by  the  tire  industry  as  over 
71,000  tons  in  1916.  This  is  based  on  a  statement  of  the  Automobile 
Chamber  of  Commerce  that  there  were  in  1915,  2,400,000  cars  in  the 
United  States  and  714,000  cars  outside  of  this  country.  It  is  estimated  that 
the  world  total  of  scrapped  tires  in  1916  was  183,000  tons.  The  essential 
parts  of  an  automobile  tire  are:  the  bead,  frictioned  duck,  side  wall,  breaker 
strip,  cushion,  and  tread.  The  compound  used  for  each  part  is  designed 
to  render  a  special  service  and  for  this  reason  great  care  must  be  given  to 
the  writing  of  the  recipes.    The  cushion  compound  must  show  high  elas- 
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ticity;  the  tread  compound  muet  resiBt  abrasion;  the  compound  used  for 
coating  the  duck  (the  friction  compound)  must  possess  a  high  cohesion 
value;  the  bead  compound  need  possess  none  of  the  properties  as  it  acts 
as  a  filler,  giviogs  rigidity  to  that  part  of  the  tire. 

The  official  estimate  of  manufactured  rubber  goods  in  the  United 
States  Bhows  that  in  1916  these  products  were  valued  at  over  $300,000,000. 

Some  idea  of  the  relation  of  size  to  weight  of  rubber  belting  can  be 
formed  when  it  is  stated  that  a  five-ply-rubber  belt,  36  inches  wide,  1411 
feet  in  length  weighed  9423  pounds.  This  belt  is  hung  in  the  Govern- 
ment Terminal  Grain  Elevator,  Vancouver,  B.  C. 

Researcli  Chemistry.  Among  the  most  important  developments 
which  connect  theoretical  chemiBtry  with  the  practical  manufacture 
of  rubber-goods  are:  (1)  The  synthesis  of  rubber;  (2)  the  introduction  of 
organic  vulcanization  accelerators;  (3)  the  treatment  of  low-grade  rubbers 
in  order  to  increase  their  strength  and  life,  and  (4)  investigation  of  the 
chemistry  of  the  vulcanizing  process. 

Syntiietic  Rubber.  The  first  record  of  any  attempt  at  preparing 
rubber  in  a  laboratory  is  that  of  Bouchardat  (France)  who  in  1879  clamed 
that  he  had  polymerized  isoprene  to  rubber  by  means  of  strong  aqueous 
solutions  of  hydrochloric  acid.  Tilden  (England)  in  1882  claimed  that  he 
had  produced  rubber  by  treating  isoprene  with  nitrosyl  chloride.  Konda- 
kow  (Russia)  in  1901  published  a  paper  on  the  polymerization  of 
dimethyl-2,  3-butadien-l,  3  in  which  he  described  a  product  which  was 
tasteless  and  odorless  and  which  possesses  many  of  the  chemical  and 
physical  properties  of  rubber.  In  1909,  Fritz  Hofmann  and  Carl  Coutelle 
(Germany)  stated  for  the  first  time  the  exact  conditions  iinder  "which 
rubber  may  be  synthetized.  The  time  and  temperature  required  and  the 
concentration  of  the  solutions  needed  for  its  successful  preparation.  The 
patent  describes  a  process  for  heating  synthetic  isoprene  with  or  without 
the  addition  of  neutral,  acid,  or  alkaline  catalysts  at  a  -temperature 
under  250°  C.  Harries  (Germany) .  in  190.5  defined  the  rubber  hydro- 
carbon as  a  highly  polymerized  l-5-dimethyl-cyclo-octadien-l-5  and  in 
1910  he  published  the  first  acieniific  paper  on  a  Synthesis  of  Rubber  from 
Isoprene.  Perkins  (England)  in  1912  presented  a  paper  on  the  "  Pro- 
duction and  Polymerization  of  Butadiene,  Isoprene,  and  their  Homologs." 
Working  in  conjunction  with  him  Fembach  and  Strange  (France)  pro- 
posed to  prepare  butyl  alcohol  and  aceton  at  a  low  price  from  starch  by 
fermentation.  The  successive  stages  of  this  synthesis  are:  Butyl  alcohol — 
monochlor  butane — dichlor  butane — butadiene.  Another  method  worked 
out  by  the  Synthetic  Products  Company  (England)  may  be  outlined  as 
follows:  Aldehyde — Aldol-l.S.butylenegiycol — the  dichloride  of  this  gly- 
col— butadiene — rubber.  One  of  the  most  important  observations  thus 
far  made  was  noted  separately  by  Harries  and  by  Matthews.  This 
is  the  formation  of  rubber  by  treating  isoprene  or  its  analogs  with  a 
small  quantity  of  sodium  or  metallic  amalgam  either  in  the  cold  or  with 
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the  Implication  of  moderate  heat.  In  hia  papers  of  1911  and  1912  Harries 
described  substances  which  he  designated  "  Normal  isoprene  caoutchouc," 
"  Normal  butadiene  caoutchouc,"  "  Normal  dimethyl  butadiene  caout- 
chouc,"  "Sodium  butadiene  caoutchouc,"  " Sodium  isoprene  caoutchouc," 
and  "Sodium  dimethyl  butadiene  caoutchouc." 

Synthetic  rubber  is  "  isoprene  polymerized  to  a  rubber-like  substance." 
There  are,  however,  certain  other  substances  which  must  be  classed  as 
isomeric  or  homolt^ous  rubbers.  The  Elberfeld  product  was  Srst  tested 
out  on  a  commercial  scale  in  the  Continental  Kautscbuk  Fabrik  in  Han- 
nover. Duisberg  in  1912  at  a  meeting  in  New  York  City  exhibited  a 
hemisphere  of  this  material  weighing  over  300  pounds. 

Isoprene  has  been  carefully  studied  by  a  number  of  chemists  who 
describe  it  as  a  hydrocarbon  having  the  formula  CeHs,  the  boiling-point, 
34"  C,  the  specific  gravity,  0.6989,  at  0*  C.  On  heating  to  260°  C. 
it  polymerizes  to  dipentene.  Although  poljrmerization  to  rubber  may 
occur  at  low  temperatures,  it  appears  that  the  products  obtained  at 
hitter  temperatures  are  more  constant  in  composition. 

Synthetic  rubber  research  received  its  first  (^reat  stimulus  in  1910 
when  the  price  of  "  Up  river  Fine  Para  "  rose  to  $2.90  per  pound.  To-day 
with  high-grade  smoked  plantation  rubber  selling  in  New  York  City  at 
about  60  cents  per  pound,  the  proposal  to  put  an  export  tax  on  raw  rubber 
in  the  British  Colonies,  and  the  uncertainty  of  shipments  from  the  Middle 
East — the  synthetic  production  of  rubber  within  the  United  States  has 
again  received  attention.  There  are  at  this  time  at  least  six  large  rubber- 
goods  manufsicturers  who  are  conducting  researches  in  this  field. 

Vulcanizatioo  Accelerators.  After  synthetic  rubber  had  been  pre- 
pared it  was  noted  that  it  would  not  vulcanize  in  the  usual  manner  and 
this  was  probably  due  to  its  extreme  purity.  The  first  pubhshed  account 
of  orgtuiic  amino  compounds  used  as  accelerators  of  the  vulcanizing 
process  appears  in  a  Patent  granted  to  Bayer  &  Company  in  1912. 
Piperidine  was  the  substance  first  mentioned,  but  many  other  amino  com- 
pounds have  since  been  tried  out  with  good  results.  The  most  commonly 
used  material  is  amino-benzol  (anilin)  and  its  principal  application  is  in 
the  vulcanization  of  automobile  tires.  In  this  way  the  time  of  vulcanisa- 
tion has  been  cut  down  from  seventy-five  to  fifteen  minutes  and  the  out- 
put of  the  factories  haa  been  proportionately  increased.  This  is  one  of  the 
discoveries  which  has  made  it  possible  for  factories  to  turn  out  as  many 
as  10,000  tirea  per  day,  using  the  same  number  <^  vulcanizii^  autoclaves 
as  was  formeriy  required  for  3000  tires. 

The  substances  thus  far  identified  as  "  accelerators  "  include  quate> 
nary  ammonium  bases;  para-diamino-benzol;  piperidine;  quinoline; 
urea  derivatives.  These  substances,  in  general,  constitute  not  more  than 
1  per  cent  of  the  total  rubber  compound. 

Improvement  of  Raw  Rubber.  Spence  and  Russell  propose  to  treat 
low-^rade  rubbers  with  metallic  sodium  while  the  rubber  is  free  from 
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water  (U.  S.  P.  No.  1,112,938  issued  1914).  In  1912  a  method  was 
proposed  for  improving  "  tacky  "  rubber  by  treating  it  with  5  per  cent 
of  a  metal  such  as  sodium,  or  a  deriva;tive  such  as  sodium  ethylate.  The 
materials  are  mixed  in  a  machine  at  a  temperature  below  100°  C.  and  after- 
ward washed  with  water. 

The  Vulcani2ing  Process.  The  principal  observations  which  have 
thus  far  been  made  are:  during  the  vulcanizing  process  a  certain  amount 
of  the  admixed  sulphur  is  altered  in  such  a  way  that  it  can  no  longer  be 
extracted  with  aceton.  This  is  designated  "  combined  sulphur,"  while 
that  which  can  be  extracted  is  known  as  "  free  sulphur."  No  process  is 
published  at  this  time  for  the  removal  of  the  combined  sulphur  from  a 
finished  product.  Vulcanization  begins  at  temperatures  as  low  as  60°  C. 
and  proceeds  rapidly  with  increase  of  the  heat.  Bubber  which  has  been 
vulcanized  with  sulphur  chloride  contains  both  sulphur  and  chlorine  in 
chemical  combination.  Many  chemists  claim  that  vulcanization  is  a 
process  of  adsorplton.  Spence,  Galletly,  Scott  and  Young  have  conducted 
extensive  experiments  in  order  to  obtain  definite  data  on  the  chemical 
changes  which  take  place  and  Hinrichsen  has  found  that  the  concentrar- 
tion  of  sulphur  chloride  in  cold  vulcanization  has  little  effect  on  the  com- 
position of  the  vulcanized  product  formed.  Wo.  Ostwald  in  1910  brought 
out  his  "  adsorption  theory  of  vulcanization  "  and  by  means  of  it  has 
explained  many  points.  As  there  is  an  "  adsorption  equilibrium,"  all  vul- 
canized rubber  contains  some  free  sulphur.  He  also  shows  that  vulcani- 
zation is  a  "  reversible  process."  As  a  matter  of  historical  interest  the 
name  of  Carl  0.  Weber  should  be  mentioned  as  his  investigations  pub- 
lished in  1894  were  among  the  earliest  made  in  this  field. 

Guus  Related  to  Rubbeb 

Chicle.  This  is  a  gum  obtained  from  the  latex  of  Achraa  aapota,  at 
present  harvested  chiefly  in  Mexico.  The  Ackras  known  to  the  Maya 
Indians  of  Yucatan  yields  a  milky  sap  which  exudes  when  wounds  are  made 
in  the  rough  bark.  According  to  trade  reports,  the  tree  is  found  all  ov^ 
the  peninsula.  The  trees  yield  on  an  average  6  to  8  pounds  of  gum. 
First-class,  Well-cooked  chicle  is  nearly  white  when  fresh  and  clean.  If 
the  gum  is  overcooked  it  turns  reddish.  Then  again  certain  trees  are  known 
to  yield  a  reddish  gum  under  ordinary  conditions.  Good  specimens  are 
elastic,  firm,  aromatic  and  tenacious.  Tschirsch  was  able  to  isolate  at 
least  six  different  substances  from  chicle,  as  follows:  o-chiclalbane, 
m.p.  =  220;  j3-chiclalban,  m.p.  =  158;  -r-chiclalban,  m.p.  =  86;  Chicl- 
fluavil,  m.p.  =  66;  chiclalbanan,  m'.p.=°=56;  and  chiclgutta.  Bosz  and 
Cohen  have  also  examined  chicle,  but  they  have  chosen  a  different  ter- 
minology for  the  substances  isolated. 

Chewing  Gum.  In  1910  there  were  imported  into  the  United  States 
six  million  pounds  of  chicle,  nearly  all  of  which  was  used  in  the  manu- 
facture of  "chewing  gum."    For  this  purpose  the  cleaned  and  dried 
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gum  is  mixed  with  flavoring  matters,  pleasant  smelling  oils,  and  fillers. 
Darling  has  suggested  the  use  of  Pontianak  gum  for  the  manufacture 
of  chewing  gum,  and  this  material  is  used  for  this  purpose  at  present 
to  some  extent.  Plantation  crSpe  rubber  is  also  used  after  suitable 
treatment.  The  purification  processes  for  chicle  used  in  chewing  gum  must* 
be  such  as  not  to  affect  the  flavor  or  the  plasticity  or  the  weight  of  the  gum 
to  any  marked  extent.  On  the  other  hand  it  is  most  desirable  to  remove 
from  the  crude  gum:  silica,  sand,  bark  and  vegetable  matter.  The 
"  color  "  of  chewing  gum  has  only  an  esthetic  value. 

The  Analysis  of  crude  chicle  includes  the  determination  of  water, 
aceton  soluble  matter,  gutta,  and  mineral  matter.  The  determination 
of  the  viscosity  of  chicle  solutions  is  now  recognized  as  an  important 
criterion  of  the  quahty  of  raw  chicle.  This  test  is  carried  out  in  a  Stormer 
viacosimeter.  (See:  Dannerth  on  "  Industrial  Chemistty  of  Chicle  and 
Chewing  Gum,"  J.  I.  E.  C.  1917,  July.) 

Balata.  This  gum  is  obtained  chiefly  from  Mimtiaopa  glaboaa,  which 
grows  in  Dutch  Guiana.  It  is  the  most  important  technical  substitute 
for  gutta-percha;  in  fact,  no  satisfactory  methods  for  distinguishing  one 
from  the  other  are  known  at  this  time.  Balata  occurs  in  commerce  as 
leathery  elastic  sheets  which  soften  at  50°  C,  become  plastic  at  100°  C, 
and  melt  at  about  150°  C.  One  commercial  sample  showed  on  analirsis 
in  round  numbers: 

Moisture 2.00  per  cent 

Ash 1.00      " 

Resin,  soluble  in  alcohol 42.00      " 

"  Gutta,"  soluble  in  chloroform 45.00       " 

Residue 10.00      " 

Boiling  liquids  remove  varying  percentages  of  soluble  matter  from  com- 
mercial samples,  as  follows:  Water,  5.7  per  cent;  alcohol,  41.5  per  cent.; 
aceton,  42.5  per  cent;  ether,  87.00  per  cent;  chloroform,  87.00  per 
cent. 

The  material  offered  as  gutta-percha  is  frequently  the  product  of 
the  Mimuaops  plant.  Balata  is  at  present  used  extensively  in  the  manu- 
facture of  belting  for  power  transmission.  It  appears  to  have  an  advantage 
over  rubber  belting,  in  that  it  is  practically  unchanged  by  exposure  to  high 
temperatures,  such  as  would  be  encountered  in  ordinary  power  trans- 
mission. Balata  is  also  used  to  a  lai^  extent  in  the  manufacture  of  ladies' 
"  dress-shields."  Both  gutta-percha  and  balata  can  be  vulcanized  after 
th^  are  deresinated. 

Pontiaiiak.  This  gum  is  frequently  designated  "  dead  Borneo,"  or 
Jelutong,  or  Pontianak,  after  the  port  from  which  it  is  shipped.  It  is 
obtained  from  several  species  of  Dyera.  It  occurs  in  commerce  as  a  gray- 
ieb-wbite  mass  resembtii^  burnt  lime.    Closer  inspection  shows  that  it 
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contains  laige  quantities  of  water.  An  analysis  -of  the  crade  material 
as  received  at  the  factory  showed  (in  round  numbers) : 

Moisture 60 , 0  per  cent 

Resins 30.0      " 

Rubber. 10.0      " 

100.0      " 

This  material  is  washed,  aad  dried  in  the  air,  and  then  mixed  with  oils  or 
greases,  in  order  to  drive  off  the  last  portions  of  water. 

Pontianak,  because  of  its  large  resia  content,  is  eminently  well  suited 
for  the  production  of  so-called  "  friction  compounds  "  used  for  coating 
belting  duck.  It  penetrates  the  interstices  of  the  fabric  very  readily, 
and  BO  makes  possible  a  strong  adhesion  among  the  several  layers  of  duck. 

In  1910  a  large  company  was  financed  in  America  for  the  extraction 
of  the  resins  of  pontianak  on  the  island  of  Borneo,  before  shipment.  The 
product  of  the  factory  is  a  sheet  closely  resembling  the  lower  grades  (A 
wild  rubber.  The  natural  product  is  now  exported  in  the  original  form 
(with  resins  and  water).  The  market  price  of  this  crude  product,  in  New 
York,  January  1,  1914,  was  about  S6.25  per  100  pounds. 

Gutta-percha,  This  gum  is  obtained  from  the  latex  or  milk  juice  of 
several  trees  found  native  in  the  Malay,  Borneo,  the  Guianas  and 
in  New  Guinea.  The  latex  is  coagulated  by  boiling  it  with  acid  juices 
in  small  pots.  The  principal  gutta-yielding  plant  is  Palaquiitm  guUa 
(syn:  IsonoTidra  fftOta,  and  Dichopsia  gtUta).  The  first  note  made  of 
the  properties  of  gutta-percha  was  by  Montgomery  in  Singapore  in 
1832.  Commercial  samples  soften  at  60°  C.,  liquefy  at  140°  C,  and 
fuse  just  before  vaporizing  at  190°  C.  The  gum  is  more  or  less 
soluble  in  ether,  chloroform,  carbon  tetrachloride  and  carbon  disulphide. 
It  is  insoluble  in  water.  In  the  usual  organic  solvents  the  gum  at  first 
swells  slightly  to  a  transparent  mass,  and  then  yields,  on  shaking  in  the 
cold,  a  homogenous  solution.  Petroleum  ether  of  boiling-point  bektw 
40°  C.  does  not  dissolve  gutta,  bul  it  does  dissolve  the  resins;  hence 
this  may  be  used  for  a  determination  of  the  latter  ingredient  in  commercial 
samples.  The  specific  gravity  of  gutta-percha  and  balata  varies  from 
0.9604  to  0.9619.  The  resin  content  varies  from  5  to  55  per  cent 
and  the  softness  increases  with  the  resin  content.  Caspari  found  that 
sulphur  chloride  is  absorbed  by  gutta  and  balata  in  the  same  way  as  t^ 
rubber.     Sulphur  was  found  by  him  to  vulcanize  all  three  hydrocarbons. 

Gutta-percha  is  used  by  dentists  for  "  temporary  fillings  ";  the  most 
important  application  is,  however,  in  the  insulation  of  submarine  and  sub- 
way cables.  This  was  first  proposed  by  Werner  Siemens  in  1847,  and  was 
the  basis  on  which  Cyrus  Field  in  1857  laid  the  first  transatlantic  cable. 
It  is  used  for  the  "core"  of  golf  balls,  because  of  its  lightness  and 
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reaQiencr.  Certain  braods  of  ladies'  "  drese-eliiddB "  are  lined  with 
thin  sheeta  of  gutta,  and  in  recent  years  sinular  "  tissue "  has  been 
used  by  tailors  aa  a  cement  for  mending  fabrics.  For  this  purp(»e 
the  thin  sheet  of  gutta  is  placed  between  two  layers  of  cloth  and  then 
partially  melted  by  pressing  with  a  hot  sadiron. 

LEGAL  AND  OFFICLU>  CHEMISTRY 

The  vulcanization  of  rubber  by  means  of  sulphur  was  invented  by  Charles  Good- 
year of  New  Haven  in  1839. 

Tlie  vulcanization  of  rubber  by  means  of  sulphur  chloride  was  invented  by  Alex- 
aoder  Parkes  in  1846. 

Tlie  reclaiming  of  rubber  from  vulcanized  waste  by  means  of  acid  was  invented 
by  J.  K.  Mitchell  of  Philadelphia  in  1889  [U.  S.  P.  No.  393,987.) 

The  reclaiming  of  rubber  from  vulcanized  waste  by  means  of  alkaU  was  invented 
by  Arthur  Marks  of  Akron  in  1899  (U.  S.  P.  635,141).  Suit  was  brought 
against  the  U.  S.  Rubber  Reclaiming  Works  in  1916  and  the  patent  was 
declared  vahd  and  infringed.  (See  Federal  Reporter  225,  798;  227,  623; 
229,  160.) 

lite  solid  rubber  tire  for  horse-drawn  vehicles  was  invented  by  Arthur  Grant 
in  1896  (U.  S.  P.  No.  654,675).  After  much  litigation  this  patent  was  declared 
vahd  by  the  U.  S.  Supreme  Court  in  1911.     (See  I.  R.  W.,  May,  1916,  430.) 

Ad  improvement  in  vehicle  tirea  was  invented  by  E.  C.  Duryea  in  1897  (U.  S.  P. 
No.  578,551).  This  patent  was  contested  in  a  suit  by  the  Buffalo  Specialty 
Co.  agfunst  the  Indiana  Rubber  and  Insulated  Wire  Co.  in  the  U.  S.  Circuit 
Court  of  Appeals,  VII  District.    (See  Federal  Reporter  334,  334.) 

A  method  for  vulcanizing  rubber  tires  in  a  mold  was  invented  by  Peter  Thropp 
in  1906  (U.  S.  P.  No.  822,561).  Suit  for  mfringement  was  brought  against 
the  United  States  Tire  Co.  in  1916  and  the  patent  was  declared  invalid  by  the 
U.  9.  District  Court,  S.  D.,  New  York.    (See  Federal  Reporter  226,  941.) 

The  suit  of  a  group  of  rubber^oods  manufacturers  against  the  National  Board  of 
Fire  Underwriters  related  to  the  "  labeling  of  Fire  Hose."  It  was  dismissed 
by  the  Supreme  Court  of  New  York  in  1914.     (I.  R.  W.,  March,  1914,  292.) 

The  suit  of  Rossbach  against  the  Mansfield  Tire  and  Rubber  Co.  related  to  a 
deUvery  of  brawn  cr€pe  rubber.  It  was  decided  by  the  Supreme  Court  of 
New  York,  Ap.  Div.,  for  the  defendant.     (I.  R  W.,  January,  1916,  171.) 

Hie  suit  of  the  United  States  against  the  Michelin  Tire  Co.  related  to  an  importa- 
tion of  rubber  goods.  (Reports  of  the  U.  S.  Court  of  Customs  Appeals,  April 
24, 1911.) 

The  U.  S.  Court  of  Customs  Appeals  in  1911  held  that  reclaimed  rubber  is  not  a 
manufactured  article. 

"Rubber  and  Jelubong."  U.  S.  Customs  Houae  decision.  See  Metallurgical 
and  Chem,  Eng.  Journal,  N.  Y.  March  15,  1918. 
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A.  H.  SABIN 


CmtuUing  Chgmitt,  NaiitmtU  Lead  Co.,  Lecturer  on  Paint  and  VamUh,  Neia  York  Vni- 
vtrtit]/.  New  York  City 

Deflnitioo.  Vamiah  is  a  liquid,  deugned  to  form  films  tc7  cover 
surfaces,  which  on  exposure  to  the  air  hfu^jens  and  forms  a  more  or  leas 
tnosparent  and  glossy  coating  which  improves  of  better  displays  the 
surface  to  which  it  is  attached  and  to  some  degree  protects  it  from  dirt 
and  injury. 

Classes  iA  VatniBh.  Vamiehes  may  be  divided  into  two  classes: 
those  which  harden  by  evaporation  of  the  solvent;  such  are  spirit - 
vemisbes;  and  those  which  absorb  oxygen  from  the  ur  and  by  chemical 
changes  are  made  into  hard  fihns;  these  are  oleo-resinous  vamishee, 
and  constitute  the  largest,  most  important  and  varied  kind,  used  for 
a  great  variety  of  purposes. 

Spirit  Varnish.  Spirit  varnishes  consist  of  suitable  solids,  dis* 
solved  in  volatile  solvents ;  the  most  important  is  shellac,  which  may  be 
regarded  as  typical.  It  consists  of  shellac  resin  dissolved  in  alcohol, 
and  when  spread  out  in  a  film  the  alcohol  evaporates,  leaving  the  resin 
as  a  thin  layer  over  the  surface  to  which  the  varnish  has  been  applied. 
It  will  be  evident  that  the  alcohol  has  served  practically  as  a  mechanical 
metms  of  spreading  the  resin  in  a  thin  and  uniform  film;  its  cost  is  to 
be  added  to  that  of  the  labor,  and  the  use  and  wear  of  utensils,  required 
in  applying  the  varnish,  as  ail  that  we  have  at  the  end  of  the  work  is  the 
film  of  resin. 

Shellac  Vamish.  Giun-sbellac,  as  the  shellac  renn  is  called,  is  usually 
in  thin  elastic  flakes  of  a  yellow  or  reddish  or  brownish-yellow  color. 
Put  a  gallon  of  alcohol  in  a  clean  earUienware  jar  of  two  gallons  capac- 
ity; at  the  close  of  the  day's  work  gently  drop  into  this  three  or  three 
and  a  half  pounds  of  flake  shellac,  without  the  slightest  avoidable  agi- 
tation; cover  and  let  stand  until  the  next  day.  Then  with  a  clean 
wooden  rod  stir  it  for  a  few  minutes,  and  durii^  the  day  stir  it  for  a 
minute  at  a  time  once  an  hour  or  so,  and  before  night  it  will  be  dissolved. 
That  is,  the  resin  will  be  dissolved;  but  shellac  naturally  contains  a 
little  wax  (4  per  cent)  which  is  insoluble  and  makes  the  solution  milky 
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or  muddy  and  opaque;  tiie  film  is,  however,  transparent.  Shellac  may 
be  bleached  by  dissolving  it  in  an  alkaline  aqueous  solvent  and  then 
treating  it  with  chlorine;  the  shellac  precipitates  when  the  alkalinity 
is  removed,  and  ia  white.  This  la  dried  and  looks  much  like  pieces  of 
white  candy;  it  camiot  be  dissolved  in  the  manner  described,  as  it  is 
in  lumps  and  ^nks  to  the  bottom;  it  is  therefore  dissolved  by  agitation, 
usually  in  a  revolving  barrel  or  chum;  this  is  indeed  the  way  orange  shellac 
is  made  on  a  lai^e  scale.  The  latter  is  soluble  in  85  per  cent  alcohol, 
though  it  is  more  satisfactory  to  use  stronger;  but  white  shellac  already 
contains  some  water  and  requires  95  per  cent  alcohol. 

Insoluble  Shellac.  White  shellac  is  liable  to  pass  into  a  modified 
form  insoluble  in  alcohol;  this  especially  is  likely  to  occur  if  heated 
above  ordinary  temperatures  or  if  kept  in  a  dry  place  too  long.  For 
some  ptirposes  it  is  desirable  to  get  rid  of  the  live  to  ten  per  cent  of  water 
in  white  shellac  before  dissolving  it;  it  is  spread  on  trays  in  a  drying  room, 
but  not  heated  very  much;  it  is  better  to  use  artificially  dried  ur  at 
ordinary  'temperatures;  m  any  case  it  must  be  dissolved  as  soon  as 
possible. 

Shellac  varnish  dries  by  the  evaporation  of  the  solvent,  and  appears 
to  dry  almost  immediately;  but  some  of  the  liquid  is  retained  for  a  time, 
and  it  is  not  practicable  to  apply  many  coats  in  rapid  succession,  or  it 
will  be  found  that  the  whole  has  a  waxy  character,  persistent  and 
troublesome.  Varnish  made  with  "  denaturized "  alcohol  is  especially 
slow  to  dry;  commercial  wood  alcohol  is  much  better. 

Danutr  Varnish.  Alcohol  is  not  the  only  solvent  used  in  making 
spirit  varnishes.  Damar  varnish  is  damar  resin  dissolved  in  spirit  of 
turpentine,  and  dries  by  the  evaporation  of  the  latter.  Both  this  and 
diellac  are  often  adulterated  with  common  rosin,  or  colophony.  Damar 
may  be  dissolved  cold,  in  a  chum;  some  pulverize  it  before  dissolving; 
or  make  it  with  the  aid  of  heat,  preferably  in  a  steam-heated  vessel. 
The  varnish  is  a  milky  liquid,  but  may  be  cleared  by  filtration  or  other- 
wise. If  made  hot  it  can  be  cleared  more  easily.  Five  or  ux  pounds 
of  resin  are  dissolved  in  one  gallon  (7^  lbs.)  of  spirit  of  turpentine. 
The  film  is  transparent  and  practically  colorless. 

Mastic  and  Sandarac  Varnish.  Sandarac  is  another  re^  usually 
dissolved  in  spirit  of  turpentine;  another  is  mastic;  both  are  also  mostly 
soluble  in  alcohol.  Amyl  and  methyl  alcohols  are  for  some  resins 
better  solvents  than  ethyl  alcohol;  and  acetone  added  to  alcohol  greatly 
increases  its  solvent  power. 

Petroleum  benzine  is  very  commonly  added  to  turpentine  to  cheapen 
it;  it  has  the  advantage  of  evaporating  more  readily  and  perfectJy,  and 
some  of  the  heavier  grades  are  for  many  purposes  equal  and  pertiaps 
superior  to  turpentine. 

pyroxylin  Varnishes.  Pyroxylin  vamishes  are  a  variety  of  spirit 
varnishes.     The  solid  part  is  cellulose  rendered  soluble  by  acting  on 
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it  with  nitric  acid,  making  cellulose  nitrates  of  various  compontiona. 
The  principal  solvent  'is  amyl  acetate,  which  may  be  extended  or  diluted 
with  various  liquids,  as  benzol,  which  have  no  real  solvent  action  on 
the  pyroxyUn,  but  do  not  inhibit  the  solvent  action  of  the  amy!  acetate; 
differini;  in  this  respect  from  the  action  of  water  on  alcohol.  Pyroxylin 
films  are  somewhat  bard  and  stiff,  and  may  be  made  more  fiexible  by 
adding  a  fixed  oil,  as  castor,  cotton,  or  linseed,  to  the  solution. 

Lacquer.  Spirit  varnishes  are  often  called  lacquers,  and  are  some- 
times colored  by  aniline  or  other  dyestuffa.  Both  asphaltum  and  coal- 
tar  pitch  are  soluble  in  turpentine  and  benzine,  or  coal-tar  naphtha, 
and  are  used  as  spirit  varnishes;  but  more  often  with  the  addition  of 
oil.     Rosin  is  almost  always  added  to  asphaltum,  but  not  necessarily. 

Oleoresinous  Vunishes.  The  greater  part  of  the  varnish  made  b 
compounded  of  oil,  resin,  and  spirit  of  turpentine,  and  b  of  great  variety 
of  composition  and  uses.  Almost  all  the  oil  used  is  linseed.  A  little 
tung~,  or  Chinese  wood-oil  is  used,  but  inconsiderable  in  amount  as  com- 
pared with  linseed.  This  oil  is  usually  subjected  to  some  preliminary 
treatment;  it  is,  as  purchased  from  the  makers,  well  settled  and  filtered, 
and  free  from  cloudiness;  it  may  be  remarked  that  a  mere  trace  of  water 
causes  a  cloud,  and  the  not  uncommon  belief  that  oil  must  be  freed,  by 
some  treatment,  from  water  and  "  mucilage  "  is  a  mistake,  as  oil  of 
ordinary  good  quality  is  quite  free  from  such  things. 

Breaking.  Freshly-made  oil,  if  heated  to  400°  F.,  sufEers  a  slight  par- 
tial  decomposition;  gelatinous  clots  appear  in  it,  and  it  is  said  to  "breaJc "; 
this  is  due  to  the  phosphates  it  contains,  and  any  treatment  which  will 
destroy  these  will  prevent  its  "  breaking."  A  common  way  is  to  add, 
with  a^tation,  a  little  sulphuric  acid;  the  oil  is  afterward  washed  with 
water,  and  is  found  to  be  bleached  somewhat;  it  may  be  bleached  more 
by  agitating  warm,  with  fuller's  earth,  and  filterii^;  but  not  all  the 
color  can  be  removed  by  any  known  means.  What  is  known  as  "  varnish 
oil "  has  been  treated  in  some  way  bo  that  it  does  not  break;  and  if 
such  oil  is  heated  quickly  to  about  5  0°  F.  and  cooled,  it  is  found  to  be 
considerably  bleached.  This  is  a  common  practice.  Sometimes  a  very 
little  of  some  lead  or  manganese  compounds  are  added  before  doing  this. 
It  is  usually  put  through  some  such  treatment  and  allowed  to  settie 
for  a  month  or  more  before  being  used  in  varnish. 

Wei^t  of  OIL  A  gallon  of  linseed  oil  weighs  7.75  lbs.;  but  in  selling 
oil  by  the  barret  or  larger  quantities  it  is  a  commercial  practice  to  call 
7.5  lbs.  a  gallon,  so  that  in  buying  it  one  gets  about  3  per  cent  less  in  fact 
than  the  nominal  amount.  No  charge,  however,  is  made  for  the  barrel 
— an  oil-barrel  is  usually  a  50^.  cask — the  value  of  which  is  usually 
more  than  the  1^  gallons  lacking.  In  making  paint  or  varnish  the  full 
weight  or  measured  gallon  is  always  the  unit. 

Resins.  Asphaltum  is  a  mineral,  but  practically  all  the  resins  used 
in  varnish  are  of  vegetable  origin,  and  most  of  them  from  tropical  or 
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eub-tropical  countries.  They  exude  from  trees,  where  the  bark  is  mjuied, 
and  fonn  lumps  varying  in  size  from  very  small  piecee  np  to  masses 
of  many-pounds  weight.  In  a  few  cases  resin  which  is  collected  from 
living  trees  is  used;  but  for  the  most  part  the  varnish  resins  are  dug  up 
from  the  ground,  the  trees  havii^  fallen  tmd  decayed,  and  the  lumps 
of  resin  having  become  buried,  sometimes  as  much  as  six  feet  below  the 
surface.  Having  for  many  yeara  been  thus  buried  they  have  undei^oe 
change,  become  harder  and  better  suited  for  use.  After  bein^  dug  up, 
cleaned,  and  sorted,  the  re^  is  packed  in  boxes  or  bags,  and  in  this  con- 
dition market  re^ns  are  bought  at  prices  ran^i^i;  from  about  75  cents 
per  pound  for  the  choicest  sorts  to  as  little  as  5  cents  per  poimd  for  stnae 
inferior  kinds.  Probably  a  fair  average  price  (1914)  would  be  about 
30  cents.  The  valuable  qualities  are  clearness,  hardness,  high  melting 
point,  pale  color,  luster,  and  perfect  solubility,  after  melting,  in  oil. 
As  a  rule  these  resins  are  not  soluble  in  oU  or  in  spirit  of  turpentine  or 
benzine;  but  after  melting  they  are  found  to  be  so  changed  that  they 
dissolve  in  hot  oil. 

Melting  Retina.  Most  of  them  require  a  temperature  of  550  to 
650°  F.  to  melt  them  properly,  and  in  melting  they  lose  10  to  25  per 
cent  of  their-  weight;  some  species  lose  more  and  some  less;  the  best 
and  hardest  resins  lose  about  25  per  cent.  If  this  is  done  in  the  lab- 
oratory with  proper  precautions  it  will  be  found  that  the  temperature 
of  the  melted  mass  is  much  higher  than  that  of  the  vapor,  showing  that 
chemical  decomposition  has  occurred.  All  light-colored  resins  darken 
on  melting,  some  more  than  others.  The  greater  part  of  the  distillate 
can  be  condensed  to  a  liquid;  this  is  not  done  in  this  country,  but  in 
England  and  Europe  it  is  common,  piu1;ly  because  by  refining  the  liquid 
may  be  made  use  of  as  a  turpentine  substitute,  and  partly  because  it 
prevents  the  escape  of  gases  which  may  be  thought  objectionable  in 
reddence  sections  of  cities. 

Copal.  Copal  is  a  popular  or  trivial  name  applied  to  varnish  resins, 
about  as  indefinite  in  its  meaning  as  the  term  "  metal."  It  was  originally 
a  Central  American  native  word,  and  was  applied  to  any  resin.  It 
is  now  used  only  for  varnish  resins,  but  does  not  designate  any 
partJcuIar  substance.  In  the  varnish  factory  resins  are  commonly  called 
"  gums,"  although  true  gums,  such  as  gum-arabic,  are  water-eoluble. 
Colophony  is  always,  and  correctly,  called  rosin,  and  is  never  spoken  of 
as  a  gum.     Gum-varnishes  mean  oleo-resinous  varnishes  free  from  rosin. 

Vanish  Nomenclature.  One  hundred  pounds  of  resin  is  the  con- 
ventional imit,  and  varnishes  are  described  as  containing  so  many  gallons 
of  oil  to  this  100  lbs.  of  resin,  weighed  before  melting.  Thus  a  20-gaI. 
Kauri,  or  20  K,  is  a  varnish  made  from  LOO  lbs.  Kauri  resin,  20  gals, 
linseed  oil,  and  (probably)  30  gals,  spirit  of  turpentine,  the  amount  of 
the  latter  not  being  mentioned.  The  grade  of  resin  may  also  be  mentioned; 
thus,  "  20  Brown  3  half  benzine  "  would  be  100  lbs.  Kauri  of  the  grade 
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known  aa  No.  3  Brown  Kauri,  20  gab.  oil,  15  gals,  spirit  of  tuipentiae 
(turps  for  short),  and  15  gals,  benzine.  This  is  a  f^rly  accurate  descrip- 
tion  and  any  vamish-maker  would  recognize  it.  100  lbs.  of  any  resin 
counts  for  about  6  or  6J  gals,  in  the  batch;  tur[>s  weighs  7.2  lbs.  and 
benzine  a  little  more  than  six  lbs.  per  gal.    So  this  would  figure  as  follows: 

100  lbs.  reaa        =75  lbs.   =  6  gals. 
20  gala,  oil  =  154  lbs.  =  20  gals. 

15  gals,  turps      =  108  lbs.  =  15  gals. 
15  gals,  benzine  =  90  lbs.  =  15  gals. 

427  lbs.  =  56  gals. 

Actually  it  will  be  more  like  420  lbs.™ 55  gals.,  because  at  least  a 
gallon  of  the  thinner  will  be  lost  by  evaporation. 

Varnishes  are  also  classified  as  "  long "  and  "  short,"  the  former 
having  more  oil  than  the  latter.  Naturally,  this  is  a  variable  division; 
but,  generally  speaking,  varnishes  containing  20  gallons  or  more  of  oil  may 
be  spoken  of  as  "  long,"  and  12  gallons  or  less  as  "  short."  Long  varnishes 
are  elastic,  short  ones  hard.  The  most  important  short  varnishes  are 
rubbing  and  furniture  varnishes,  and  of  the  long  are  spar  and  wearing- 
body. 

Spar  varnish  is  so  called  because  (designed  to  varnish  masts  and  spars  of 
ships,  and  contains  from  25  to  30  gallons  of  oil,  and  all  hard  resins,  the  best 
being  half  Kauri  and  half  Zanzibar,  or  some  approximate  equivalents. 
Wearing-body  is  also  called  carriage-finishing  and  is  the  finishing  or  wear- 
ing coat  for  carriage  bodies,  and  contains  30  to  35  gallons  of  oil ;  the  wear- 
'ng  coat  for  the  wheels  and  understructure  being  somewhat  harder,  22 
to  27  gallons  and  called  "  gear  "  varnish.  "  Marine  "  is  usually  a  cheaper 
grade  of  spar,  and  as  now  made  always  contains  some  tung  oil.  "  Hard- 
oil  finish  "  is  or  should  be  a  hard-drying  and  rather  cheap  rosin  varnish 
for  interior  house-finishing,  considerably  inferior  to  the  standard  interior 
.  varnishes.  "  Coach  "  is  cheap  rosin  varnish,  never  used  in  coach-painting; 
its  name  is  illegitimately  derived  from  coach  varnish  of  former  times,  which 
was  a  rather  quick-drying  medium^rade  varnish.  "  Gloss-oil  "  is  a  solu- 
tion of  rosin  in  benzine,  about  the  poorest  thing  made  in  a  varnish  factory. 
Floor  varnishes  contain  usually  15  to  18  gallons  of  oil,  and  the  oil  and 
resin  should  be  very  thoroughly  cooked  together.  Probably  most  of  them 
eont»ia  tung  oil ;  but  the  best  of  the  floor  varnishes  made  before  its  advent 
have  not  been  excelled. 

It  is  now  not  uncommon  to  hasten  the  drying  of  varnishes  by  placing 
the  varnished  objects  in  an  oven  or  hot  room,  at  a  temperature  of  40° 
to  55'  C.  (105"  to  130°  F.).  Twenty-four  hours  is  usually  the  time  for 
baking,  but  in  many  cases  the  maximum  temperature  is  maintained  only 
ax  to  eight  hours,  and  allowed  to  fall  gradually.  Metal  objects,  as  auto- 
mobile bodi^  and  railway  coaches,  are  subjected  to  higher  temperatures 
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than  wooden  ones.  As  the  heat  increases  chemical  action,  these  varnishes 
are  oft«n  made  without  driers,  and  this  makes  them  more  durable;  it  also 
keeps  the  film  in  a  semi-liquid  state  during  oxidation,  when  it  would  other- 
wise be  more  like  a  jelly,  and  thus  has  the  effect  of  making  it  more  con- 
tinuously adherent  to  the  foundation,  more  impervioua,  harder  and 
smoother;  better  in  every  way.  The  low  fusion  point  of  common  rosin 
makes  it  a  suitable  ingredient  in  these  varnishes,  and  good  results  are 
obtained  with  baking  varnishes  containing  a  considerable  proportion  of  it; 
hence  baking  varnishes  contain  little  or  no  drier  and  may  have  more  roein 
than  would  otherwise  be  admissible. 

The  most  important  changes  in  this  industry  which  have  occurred 
during  the  present  century  are  due  to  the  use  of  tung  (or  China-wood)  oil. 
This  not  only  dries  rapidly,  but  makes  film  much  harder  than  that  of  lin- 
seed oil,  and  has  remarkable  water-repellent  quality.  In  its  natural  or 
raw  state  it  is  not  used;  if  raised  to  a  high  temperature  it  becomes  a  jelly 
which  is  worthless;  but  if  carefully  heated  for  one  or  two  hours  at  205° 
to  217°  C,  (400°  to  420°  F.)  it  becomes  more  viscous,  like  stand-oil,  and 
has  acquired  new  quahties.  To  do  this  more  safely  it  is  customary  to 
dissolve  in  it  at  least  one-third  as  much  rosin,  by  weight,  as  there  is  of 
tung  oil;  more  commonly  an  equal  weight  or  more,  llius  a  rosin  vaxnish 
is  made,  which  may  be  used  by  itself  or  added  to  a  linseed  oil  and  resin 
varnish.  Some  varnish-makers  add  linseed  oil  to  the  raw  tung  oil  and 
cook  the  mixture,  and  then  use  it  as  they  would  linseed  oil  alone,  to  make 
oleo-resinous  varnishes;  but  by  fax  the  more  conunon  practice  is  to  make 
a  tung-oil-and-rosin  varnish. 

These  vamishee  dry  with  remarkable  quickness  and  will  stand  unusual 
tests;  they  are  thoi^t  by  some  makers  to  be  of  great  durability  and  prob- 
ably they  are  when  the  exposure  is  so  severe  that  no  varnish  will  last  long; 
but  some  of  the  most  experienced  makers  insist  that  in  ordinary  usage 
they  become  hard  and  brittle  with  age,  and  cannot  be  depended  on  for 
very  prolonged  use, 

linozyn.  When  linseed  oil  is  exposed  to  the  ^r,  either  by  blowing 
air  through  it  or  by  exposure  in  thin  films,  it  is  changed  into  an  elastic 
substance,  not  sticky  or  greasy  to  the  touch,  called  linoxyn.  This  is 
an  oxidation  product,  and  weighs  considerably  more  than  the  original 
oil,  probably  about  one-fifth  more;  different  experimenters  have  reached 
various  results.  Its  specific  gravity  is  higher  than  that  of  the  oil;  and 
it  is  ^parent  that  th'e  latter  has  contracted  in  volume  as  well  as  increased 
in  wei^^t.  This  product  is  insoluble  in  oil  and  in  turpentine  and  most 
of  the  other  oii-soivents,  and  is  the  elastic  ingredient  of  oil-paints  and 
oleo-resinous  varnishes.  When  oil  is  spread  out  in  a  film  and  exposed 
to  the  air  it  does  not  for  some  time  appear  to  change,  but  after  a  cert^ 
time  it  rather  suddenly  changes  into  a  senu-solid,  gelatinous,  sticky 
condition;  up  to  this  point,  being  a  liquid,  any  contraction  which  may 
have  occurred  causes  no  notable  change;    but  now  a  somewhat  solid 
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film  quickly  forms,  in  which  contraction  produces  a,  state  of  tension. 
It  is  obvious  that  if  this  film  is  at  all  inclined  to  be  porous,  contractioQ 
will  open  the  pores,  because  it  stretches  the  solid  part  of  the  film 
away  from  the  openings;  and  this  is  probably  the  cause  of  the  porosity 
of  dry  linoxyn  films. 

Porosity.  If,  therefore,  we  can  add  something  to  the  oil  which  will 
act  as  a  flux,  and  postpone  this  preliminary  setting  until  the  compound, 
by  absorbing  more  oxygen,  is  in  a  more  stable  condition,  we  shall  decrease 
the  final  porosity  of  the  film.  This  is  probably  what  we  do  when  we 
dissolve  a  resin  in  the  oil.  The  resulting  compound — varnish — does 
not  take  its  initial  set  until  it  is  more  completely  oxidized,  and  the  film 
thus  formed  is  more  nearly  free  from  pores  than  a  pure  linoxyn  film. 

Varnish  Films.  Such  a  film  has  two  other  advantages.  First,  it  is 
harder,  and  resists  abrasion  better,  and  it  is  smoother,  which  has  the 
same  effect;  second,  as  the  liquid  varnish  is  more  viscous  than  oil, 
it  may  be  applied  in  a  somewhat  thicker  layer,  and  a  thick  film  is  more 
lasting  than  a  thinner  one.     The  most  obvious  quality  of  a  varnished 
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surface  IB  ite  smoothness  and  lustrous  appearance;  iia  brilliancy  depends 
not  only  on  its  smoothness  but  also  on  its  high  refractive  power  as 
regards  light;  those  varnishes  having  the  highest  refractive  indices  being 
the  most  brilliant.  This  is  increased,  in  general,  by  increasii^  the  pro- 
portion of  rosin. 

Outfit  for  Making  Vanish.  The  vamish^maker's  outfit  is  very 
simple.  A  varnish-kettle  is  a  cylindrical  copper  vessel,  about  36  ins. 
in  height  and  from  30  to  36  ins.  in  diameter,  with  a  flat  bottom.  It 
has  a  loose  cover,  which  is  provided,  in  the  middle,  with  an  upright 
cylindrical  outlet  or  "  chimney  "  about  5  ins.  in  diameter  and  8  ins. 
high;  it  has  also  a  hole  in  it  for  a  stirring-rod;  and  some  styles  have 
an  opening  for  a  large  funnel.  The  kettle  is  loosely  set  on  an  iron  truck  or 
wagon,  with  three  or  four  wheels,  so  built  that  the  bottom  of  the  kettle, 
which  rests  on  a  ring  only  slightly  less  in  diameter  than  itself,  is  not  more 
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an  opening  for  a  large  fumiel.  The  kettle  is  looeely  set  on  an  iron  truck 
or  wagon,  with  ttiree  or  four  wheels,  so  built  that  the  bottom  of  the  kettle, 
which  rests  on  a  ring  only  slightly  less  in  diameter  than  itoelf,  is  not  more 
than  a  couple  of  inches  above  the  floor.  There  is  a  fireplace,  con«sting 
of  a  round  pit  sunk  below  the  floor  level,  Imed  with  fire-brick  and  having 
a  grate,  under  which  is  an  ash-pit  and  suitable  air-flue,  and  nearly  over 
which,  a  little  in  the  rear,  ia  a  spacious  chimney.  Fig.  336,  which  ctu'ries 
off  the  products  of  combustion  and  also  the  vapor  from  the  kettle.  The 
fuel  is  coke,  which  bums  freely  and  without  much  flame,  which  might  set 
fire  to  tiie  kettle  vapor.  The  stirring-rod  is  of  stiff  steel,  5  or  6  ft.  long, 
with  a  wooden  handle.  There  is  a  la^e  funnel,  for  use  in  pouring  in 
oil,  which  may  be  put  into  the  chimney  in  middle  of  the  cover,  or  into 
a  special  opening  in  the  cover  near  one  side. 

Vamish-Making.  Into  this  kettle  is  put  100  or  more  otHomonly 
125  lbs.  of  re«a,  the  kettle  ia  placed  on  the  wagon,  and  wheeled  over 
the  hot  fire.  As  the  resdn  melts,  the  esc^ing  gases  cause  foam,  which 
makes  it  necessary  that  the  kettle  should  be  of  considerable  height  and 
capacity.  In  about  half  an  hour  all  the  re»n  is  melted;  some  vamiah- 
makers  melt  with  the  thermometer  in  the  melting  resin,  others  depend 
on  feeling  the  disappearance  of  lumps  with  the  stirring-rod;  and  frtnn 
time  to  time  the  latter  may  be  withdrawn  and  the  adhering  rean  examined. 
Without  removing  the  cover,  the  oil,  which  has  previously  been  heated 
in  another  receptacle,  is  added;  some  previously  draw  the  kettle  from 
the  fire,  others  add  the  oil  when  the  kettle  is  still  on  the  fire.  The  oil 
and  resin  are  cooked  together,  by  the  aid  of  the  thermometer,  until 
they  are  so  combined  that  they  willnot  separate  on.  cooling;  this  is 
tried  by  puttii^;  a  drop  on  a  piece  of  glass  or  slate  and  if  it  clouds  on 
cooling  the  combination  is  not  complete.  In  fact  it  is  common  to  cook 
varnish  more  than  this;  the  more  it  is  cooked  the  .greater  becomes  its 
viscosity;  and  the  more  turpentine  it  will  take  to  thin  it  to  the  proper 
consistencj'.  Viscosity  b  spoken  of  by  American  varnish-makers  as 
"  body  " ;  an  American  says  a  varnish  has  a  heavy  body  when  an  English- 
man says  it  is  "  stout." 

Thimiipg.  When  sufficiently  cooked,  the  oleo-resioous  compound  is,  on 
the  WE^^tt,  wheeled  off  to  another  room,  well  away  from  the  fire,  and  a  pre- 
viously measured  amount  of  spirit  of  turpentine  (or  benzine,  or  both)  is 
slowly  added  with  constant  stirring.  Varnishes  are  more  or  leas  colloidal 
solutions,  and  if  some  of  these  oleo-resinoua  compounds  are  thinned 
directly  with  benzine  they  form  a  swollen,  gelatinous  mass,  insoluble 
io  excess  of  solvent;  while  if  a  little  turpentine  is  first  added  this  makes 
a  solution,  which  may  safely  be  diluted  with  benzine  if  desired.  Some 
makers  add  driers  directly  with  the  turpentine  to  the  hot  varnish,  others 
wait  until  it  is  cool.  These  driers  are  compounds  of  lead  and  manganese. 
Fig.  337. 

Proportioa  <rf  Ingredients.    Nothing  has  yet  been  said  about  the 
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quantity  of  oil  to  be  added;  in  most  varnishes  it  is  the  predomiaating 
ingredient.  The  larger  the  proportion  of  oil  the  more  elastic  and  durable 
will  be  the  varnish;  the  smaller  the  amount  of  oil,  the  harder,  more 
lustrous,  and  quicker  drying  it  will  be. 

Varnishes  for  furniture,  which  should  be  hard  and  brilliant,  and  free 
from  the  least  tendency  to  tackiness,  are  made  with  10  to  15  g^lons 
of  oil  to  the  hundred  pounds  of  resin;  those  for  interior  house  varnishing 
contun  from  15  to  20  gallons  of  oil;  and  for  outside  work,  exposed  to  the 
weather,   25   to   30   gallons.     These   30-gallon   varnishes  require  about 


VlQ.  337.— Varuuh  FUtratioo, 

32  gals,  of  turpentine  or  other  thinner;    lO^^on  varnishes  take  about 
25  gallons  of  thinner. 

Rubbing  Vamish.  Rubbing  varnishes  contun  6  to  12  gallons  of 
oil;  they  are  so  called  because  they  become  hard  enough  in  from  1  to  6 
days  so  that  the  surface  may  be  rubbed  with  powdered  pumice-stone, 
sprinkled  on  a  pad  of  felt  wet  with  water,  until  all  the  irregularities  of 
surface  are  ground  away,  thus  forming  a  smooth  ("  level ")  foundation 
for  further  coats  of  vamish.  Those  which  contain  even  as  much  as 
20  gallons  of  oil  will  in  time  become  hard  enough  to  rub;  after  which, 
by  rubbing  with  finer  materiab,  they  may  finally  be  polished;  but  thb 
beautiful  finish  is  not  as  durable  as  the  natural  gloss,  which  is  always 
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left  on  work  which  is  to  be  expoxed  te  the  weather.  When  one  coat  is 
applied  over  another  it  is  always  desirable  to  remove  the  gloss  by  lightly 
rubbing  the  undercoat,  as  the  followii^  coat  does  not  stick  well  and 
smoothly  to  s  glossy  surface. 

Kosin.    Common  rosin,  or  colophony,  is  extensively  used  in  making 
cheap   varnishes.     It  is  not  a  natural   resin,   but  is  produced  in   the 
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distillation  of  crude  turpentine,  bping  the  residue  left  in  the  retort  after 
the  spiiit  of  turpentine  is  distilled  off.  It  is  an  acid  substance;  and 
before  use  it  is  made  nearly  neutral  by  combining  with  it  about  5  or 
6  per  cent  of  lime  (calcium  oxide).  This  makes  it  harder,  more  brittle, 
less  easily  fusible.  It  is  made  into  oleo-resinous  varnishes  very  much 
as  are  the  natural  resins,  but  with  much  more  drier  added;  these  varnishes 
are  softer  and  less  durable  than  the  former  class,  but  are  mixed  with 
them  to  make  mixed  vambhes  of  low  price  and  medium  quahty.  For 
some  purposes  rosin  varnishes  are  used  alone.  They  have  good  working 
qualities,  and  a  small  admixture  of  a  rosin  varnish  to  a  "  gum  "  varnish 
is  often  advantageous.  They  are  made  at  lower  temperatures  than  the 
"  guin  "  Tarnishes;  and  the  greater  part  of  the  tung  or  China  wood- 
oil  that  b  imported  is  used  in  rosin  varnishes,  on  account  of  ite  superior 
drying  qualities,  in  which  it  alone  surpasses  linseed  oil. 

Turpentine  and  Benzine.  As  to  the  comparative  merits  of  turpentine 
aiid  benzine  (heavy  petrolic  ether),  it  may  be  said  that  without  doubt 
turpentine  is  the  better  solvent.  It  is  held  more  strongly  by  the  oleo- 
resinous  part  of  the  varnish  than  is  benzine,  and  hence  evaporates  more 
slowly,  also  it  is  naturally  slower  to  evaporate.  When  varnish  b  applied 
with  a  brush  it  b  impossible  to  avoid  slight  irr^ularities,  slight  ridges 
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and  furrows,  bnishmarks,  and  if  the  volatile  solvent  evaporates  very 
quickly  these  remain  and  show  in  the  dried  film;  but  with  turpen- 
tine the  coating  remains  liquid  for  a  considerable  time  and  these  flow 
out  and  disappear  before  the  varnish  becomes  viscid  enough  to  ret^  its 
form.  Other  things  infiuence  this  condition,  but  the  nature  of  the 
volatile  solvent  is  the  most  important  factor.  It  should  be  sud, 
however,  that  there  are  different  qualities  of  benzine;  add  within  a 
few  years  a  comparatively  heavy  grade  haa  been  on  the  market,  with 
a  correspondingly  higher  boiling-point,  less  diffusive  power,  uid  more 
like  turpentine  in  many  respects;  and  to  a  great  degree  free  from 
the  objections  which  have  always  been  urged  against  the  lighter  grades 
of  benzine. 

Pale  and  Dark  Ventishes.  To  make  a  pale  varnish  it  is  necessary 
to  have  pale  resins;  but  in  some  cases  the  paler  pieces  are  softer  and 
less  valuable.  The  dark  grades  of  the  better  kinds  of  reain,  such  as 
Kauri,  are  of  «tcellent  quality,  and  fo^  many— in  fact,  most — purposes 
moderately  dark  varnishes  are  just  as  good  as  any.  Even  the  dark 
varnishes  (not  black  aaphaltum)  are  transparent,  and  have  an  agreeable 
yellow  or  brownish  red  color;  on  dark  wood  they  have  even  a  better 
effect  than  paler  varnishes,  to  which  they  are  in  every  other  respect 
equal.  There  are,  of  course,  some  dark  resins  of  inferior  sorts;  and 
some  of  the  best  pale  reEons,  such  as  Zanzibar,  are  of  unequaled 
quality. 

Baking-Japans.  As  the  hardening  of  varnish  is  due  to  oxidation, 
it  follows  that  with  an  increase  of  temperature  the  process  will  go  on 
more  rapidly.  It  is  equally  true  that  the  solvent  will  evaporate  mora 
quickly  from  spirit  varnishes  in  a  hot  atmo8{)here,  so  that  it  is  generally 
true  of  all  varnishes.  If  the  temperature  is  high  enough  to  melt  the 
resin  of  a  spirit  varnish,  or  to  keep  an  oleo-resinous  compoimd  in  a  liquid 
state  until  oxidation  is  nearly  completed,  the  resulting  film  will  be  non- 
porous.  Varnishes  designed  for  such  use  are  called  baking-vamishes 
or  baking  japans;  the  best  of  them  are  the  black  japans  in  which  the 
resin  is  partly  asphaltum.  These  form  coatings  of  great  beauty  and 
merit,  strongly  resistii^  both  chemical  and  physical  action.  Th^  are 
baked  at  varying  temperatures;  on  wood,  of  course,  at  comparatively 
low  heat,  but  on  metal  at  as  high  as  400°  F.,  though  300"  F.  is  more 
conmion.  The  baking  usually  lasts  three  or  four  hours.  The  objects 
to  be  japanned  are  commonly  dipped  in  the  varnish  and  put  directly 
in  the  oven.  Since  the  drying  is  forced  by  the  heat  it  is  posdble 
to  use  a  varnish  which  would  not  dry  at  all  (in  any  reasonable  time) 
at  ordinary  temperatures,  and  such  materia!  is  likely  to  be  somewhat 
indifferent  to  chemical  action. 

Japan  Driers.  Another  class  of  j&pans,  having  no  i<elation  at  al!  to 
the  preceding,  are  composed  of  linoleates  or  resinates  of  lead  or  manganese, 
usually  containing  free  oil,  and  often  some  resinous  or  oleoresinous  varnish, 
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and  dissolved  to  a  thin  liquid  with  turpeDtioe  or  more  often  benziDe. 
These  are  also  called  driers;  and  they  act  by  catalysis,  tnduciog  the 
rapid  oxidation  of  the  oil  or  varnish  to  which  they  are  added.  It  is  well 
known  that  lead  and  manganese  form  two  classes  of  compounds;  for 
example,  a  protoxide  and  a  peroxide;  and  easily  pass  from  one  to  the 
other.  If  they  are  present  in  the  film  in  the  higher  state  of  oiddation 
they  ^ve  up  half  their  oxygen  to  the  oil,  then  take  up  more  from  the 
air,  and  so  act  continuously  as  agents  to  pass  along  oxj^en  from  the 
air  to  the  oil.  Manganese  is  more  active  than  lead  but  each  has  iia 
advantages.  Driers  may  be  made  with  other  metals,  such  as  nickel 
and  cobalt,  which  readily  pass  from  one  state  of  oxidation  to  the  other; 
but  have  no  special  advantages  over  lead  and  manganese.  These  com- 
pounds may  be  made  by  direct  heating  of  the  metallic  oxides  with  oil 
or  rosin,  or  by  decompodng  soaps  with  soluble  salts  of  these  metals.  If 
by  use  of  these  compounds  we  introduce  into  oil  even  as  small  an  amount 
*s  iVmr  of  its  weight  of  these  metals,  the  effect  is  very  marked.  The 
use  of  too  much  drier  b  objectionable,  since  it  is  likely  to  con^ue  to  act, 
slowly  of  course,  after  the  film  has  hardened,  and  in  time  destroy  its 
elasticity  and  coherence.  Driers  are  not  used  in  spirit  varnishes,  nor 
usually  in  baking  japans. 

Boiling  Oil.  Long-continued  heating  causes  linseed  oil  to  dry  with 
a  gloss,  and  oil  which  has  been  heated  with  a  little  lead  and  manganese 
oxides  is  called  boiled  oil;  the  untreated  oil  is  called  raw  oil.  films 
of  raw  oil  take  5  or  6  days  to  dry  hard  enough  to  be  handled;  while  boiled 
oil  will  dry  in  24  hours.  For  special  purposes,  however,  oil  is  boiled 
for  a  longer  time,  and  in  this  way  is  made  the  varnish  used  on  patent 
leather  and  for  some  other  uses. 

Lithognqdiic  or  "  Stand  "  Oil.  Linseed  oil  which  has  been  bleached 
or  otherwise  refined  so  that  it  does  not  "  break,"  is  heated  to  a  high  tem- 
perature, usually  600°  F.,  or  higher,  for  a  conMderable  time;  it  b  then 
found  to  be  viscid,  '.ike  molasses;  as  it  is  heated  without  the  addition  of 
driers  it  is  not  what  is  called  "  boiled  oil  ";  it  is  treated  best  in  enameled 
kettles  or  aluminum-  or  silver-plated  copper  kettles,  so  that  it  is  not  much 
discolored.  This  is  in  this  country  generally  called  lithographic  oil,  in 
Europe  stand  oil.  It  dries  with  a  gloss;  and  is  sometimes  used  for  making 
enamel  paints,  beit^  regarded  as  equal  to  a  varnish.  It  is  largely  used 
in  Europe  in  varnish-making,  the  melted  resin  being  dissolved  in  it;  such 
a  varnish  requires  less  cooking  than  the  more  ordinary  ones,  and  rather 
more  turpentine  or  other  thinner.  They  are  pale  in  color;  but  American 
varnish-makers  think  they  are  less  durable,  the  oil  being  too  much  changed, 
and  not  suffit^ently  combined  with  the  resin.  Stand  aH  is  largely  used 
in  Europe  in  palnt^making  also. 

Driers  are  sometimes  added  to  varnish  after  it  is  made.  The  varnish 
is  wanned  to  100°  F.  to  150°  F.  and  agitated  for  several  hours  with  pow- 
dered Utharge  and  some  powdered  mai^an^  compound,  either  borate 
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or  oxide.  These  lead  and  manganese  compounda  are  dried  immediately 
before  use  by  heating  them  until  it  is  certain  that  .all  the  water  is  driven 
off.  The  amount  used  is  condderable,  2  or  3  per  cent,  as  that  which 
is  not  absorbed  will  settle  or  can  be  filtered  out. 
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BiBUOGRApar  of  Varnish 

Detomination  of  Body  and  Solvent  in  Vamish.  Brown,  I^oc.  A.S.T.N. 
li,  p.  467.  Vami^  is  flowed  in  a  thin  film  on  glass  plates,  weighed  every  two 
boiuB  and  then  every  day  for  a  week.    Greatest  loss  is  called  solvent. 

Varnish  Containing  Non-drying  and  Mineral  Oils.  Anon.  Farbenxeitung, 
80,  312,  C.A.,  9,  530.  Colophony  with  Ca(OH)i  used  as  a  base  with  non-drying 
and  mineral  oils.    Give  rapid  drying  varnishes. 

Analysis  of  Vamish.  Darner.  Paint  Bull.  N.D.,  1,  108^111.  Vamish  is 
spread  on  filter  coil  and  treated  with  pet.  ether,  coil  extracted,  content  of  flask 
cooled,  liquid  poured  off,  gums  dried  and  weired.  Pet.  extract  saponified, 
unaap.  matter  extracted.  Fatty  and  rosin  acids  extracted  with  ether,  rosins 
det.  by  Twitchell'a  method.  C.U.O.  when  present  in  polymericed  form  does  not 
stick  to  sides  of  flask  as  do  the  gums. 

Determination  of  Non-volatile  UoBaponifiable  Matter  in  linseed  Oil  Varnishes. 
Barony.  I.S.C.I.,  24,  p.  660.  Vamish  boiled  with  alcohol  and  KOH,  diluted, 
shaken  with  pet.  ether,  water,  added,  aliquot  ot  pet.  ether  withdrawn,  washed 
and  dist.,  raudue  dried  at  110"  and  weighed. 

Detomination  <rf  Flash  Pomt  of  Volatile  Thinners.  WolfF.  Farbenxeitung, 
19, 1S60,  CJk..,  8,  2626.  Thinner  separated  by  steam  distillation.  R.  pomt  det. 
which  wiU  be  lower  than  that  of  or^nal  solvent  used. 

Spirit  Analysis.  Wolff.  Farbenieitung.  18,  856,  C.A.,  7,  1423.  Vamish  is 
mixed  with  water  till  the  gums  separate,  mixture  is  distilled.  Aqueous  layer  tfisted 
for  MnOH  and  EtOH  acetone.     Other  layer  for  benzine,  benaole,  ether,  etc. 

Vami^  Vehicle.  Ellis.  C~A.,  6,  638.  Sample  disBolved  in  beniiue,  twice 
wanned,  metallic  salts  dissolved  with  6  per  cent  HCl,  then  det.  by  Fahrion's 
method.    When  copal  is  present,  saponify,  extract  with  ether. 

Constitution  of  C.W.O.  Vamishee.  Ware.  J.I.E.C,  7, 571-3.  Pieluninary 
paper  to  actual  laboratory  report.  No  soaps  of  raw  or  polymerized  C.W.O.  oils 
are  inaol.  in  absolute  ethyl  alcohol.    Fatty  acids  insoluble  in  80  per  cent  alcohol. 

Colorimetric  Detection  of  Oxalic  Acid  and  Manganese.  Sacher.  C.A.,  9, 3134. 
Dflute  manganese  solution  mixed  with  NaOH  or  KOH,  allowed  to  stand,  oxaUc 
add  added,  ppt.  disaolves  and  sharp  red  coloration  results. 
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Varnish  from  Para  Coumarone  and  Paraiudece.  Sender.  CA.,  9,  1127. 
100  kg.  paracoumarone  and  indcne  resin  (artificial  reein)  Jieated  with  20  kg.  of 
vegetable  or  animal  fatty  oil  and  i.5  kg.  sulphur.  This  product  suitable  for  lac 
and  varnishes. 

Varnishes  for  Linoleum.  Ginik.  C.A.,  6,  1398.  From  semi-drying  oils  by 
first  removing  free  fatty  acids  without  preventii^  polymeiization  by  taige  amounts 
of  alkali.  Oil  is  treated  with  cold  lye,  separating  the  soap  from  unaffected  oil, 
neutr^ize  later  with  acid  and  then  boiling.  i 

Examination  of  Varnish.  Wolff.  C.A.,  8,  2852.  Volatile  thinner  by  steam 
distillation,  drying  properties  determined  by  warming  to  30°,  finally  drying  to  40". 
Roain  determination. 

Testing  Vamishee,  Ragg.  C,A.,  6, 2852.  Electric  resistance  offered  by  paint 
film  to  the  migration  of  ions  in  an  electrolyte  measures  its  water  resistance  proper- 
ties. Relative  water-resiBting  properti^  of  two  films  is  measured  by  the  ratio 
of  periods  of  time  elapsing  in  either  case  before  the  galvanometer  reaches  its  maxi- 
mum deflection. 

Varnish  Analysis  and  Varnish  Control.  Seaton  Sawyer.  J.E.I.C.,  8,  490. 
Question  of  Det.  of  M.W.  oils,  treated  oils  and  varnishes  has  been  outlined  and 
value  of  such  investigation  brought  out.  Most  useful  solvents  used  in  m.w.  wei^t 
determinations  have  been  made  and  their  inadaptability  to  present  problenu 
pointed  out.  A  method  for  determinations  of  m.w.  of  these  products  by  use  <rf 
stearic  acid  as  a  solvent  has  been  outlined. 

'  Determination  of  Oil  and  Resin  in  Varnish.  Bu.  of  Standards,  Tech.  Paper 
No.  65,  J.I.E.C.,  S,  390.  Proposed  method  for  determination  of  oil  and  resin 
involving  est«rificatioa  by  Twitchdt  or  Wolff's  method,  the  use  of  ether  as  a  solvent 
aft«r  esterification. 

Determination  of  Methyl  and  Ethyl  Alcohol  in  Sinrit  Varnishes.  Knight  and 
Lincoln.  J.I.E.C.,  7, 837.  Absence  of  acetone  and  pyridene,  Leach  and  LjiJigoes 
method  used  (J.  Am.  Chem.  Soc.,  27  (1905)  S38),  acetone  and  pyridene  present, 
J.I.E.C.,  7,  842-43. 

Determination  of  Volatile  Oil  in  Varnishes.  Boughton.  Bureau  of  Standards, 
Paper  No.  78,  6,  J.LE.C,  S,  860.  Steam  distillation,  evapor.  at  100°  C.  and 
evap.  from  thin  films  at  room  temperature. 

Acid  Value  of  Oils  and  Varnishes.  Errors  in  the  Determination  of  Ware  and 
Christman.  J.I. E.G.,  8,  996.  Hydrolysis  of  metallic  soaps  cause  increase  in 
apparent  acid  value. 

Glycerol.  Lewkowitsch.  Chemical  Tech.  and  Anal.  Oils,  Fats  and  Waxes, 
Sth  Ed.,  Ill,  p.  164.  Glycerol  content  of  varnishes  with  subsequent  calculation 
of  the  oil  content. 

Rosin.    Halpen  and  Hicks.    J.I.E.C,  3,  p.  86.    Qualitative  test  for  roem. 

Separation  of  Oil  and  Resin.  Scott.  Drugs  Oils  and  Paints,  IS,  i^.  132, 
219  (1900).    Varnish  treated  with  cold  petroleum  ether. 

Separation  of  Oil  and  Resin.  Holley.  Anab'sis  of  Paint  and  Varnish  Prod- 
ucts, p.  260  (1912).    Based  on  the  Twitchell  method. 

Separation  of  Oil  and  Resin.  Bochand  and  Gillet.  IV)C.  Sth  Intern.  Congress 
Applied  Chemistry,  12,  pp.  7-12  (1912).  Determined  by  the  Gladding  method 
based  on  the  solubility  of  the  silver  salts.  Method  considered  uadStiBfactoty 
by  Lewkowitsch  (Oils,  Fats,  and  Waxes,  I,  p.  265). 

Separation  of  Oil  and  Resin.    Livache  and  Mcintosh.   Manufacture  of 'V«midk 
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and  Kindred  Indiutries,  11,  p.  183.  Treatment  of  dried  oU  film  vith  appropriate 
solvent,  weight  of  oil  being  calculated  from  the  insoluble  linoxyn. 

Detennination  of  Oil  and  Reein.  Voorheee.  Bulletin  109.  Bureau  of  Chem- 
iatry,  Dept.  of  Agriculture.     Varnish  treated  with  CHCIj  and  petroleum  ether. 

Determination  of  Oil  and  Resin.  Twitcbell.  J.S.C.I.,  10,  p.  884.  Baaed 
on  esterification  with  HCl  in  absolute  alcohol  solution. 

Separation  of  Oil  and  Resin  in  Varnishes.  Wolff.  Che.  Ztg.,  88,  pp.  369,  382, 
430  (1914).     EaterificatioD  with  methyl  alcohol  and  HiSO.. 

Separation  of  Oil  and  Resin.  Gill.  J.A.C.S.,  28,  p.  1723.  Non-volatile  por- 
tion of  varnish  saponified.     Acids  liberated  by  Twitchell's  method. 

Vamish  Analysis.  McDhiney.  Proc.  A.S.T.M.,  8,  p.  596.  Based  on  the 
relative  solubility  of  resins  and  oil  in  petroleum  ether. 

Determination  of  Glycerol.  Helmer.  J.S.C.I.,  1911,  p.  556.  Oxidation  of 
glycerol  with  KiCriOi  and  H^SO^.  £xcee8  of  KiCrjOT  neutralized  with  ferrous 
ammonium  sulphate  and  titration  of  excess  of  latter  with  standard  solution  of 
KiCnOi. 

Unsaponifiable  Matter  in  Varnish.  Boemer.  Proc.  A.S.T.M.,  13,  p.  400.  Sa- 
ponification of  non-volatile  matter  and  extraction  with  ether. 

Determination  of  Acetone  in  Thinners.     J.A.C.S.,  XXIV,  p.  786. 
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GUILFORD  L.  SPENCER 
Chief  ChtmUl,  Cuban-American  Sugar  Co.,  New  York  and  Haaana. 

Introductory.  Highly  refined  commercial  sugar  cooBists  of  aucroee. 
The  word  "sugar,"  as  used  in  this  article  aad  commercially,  refers  to 
sucrose  of  various  degrees  of  purity. 

Sucrose  is  widely  distributed  in  the  vegetable  kingdom;  two  plants, 
however,  supply  practically  all  of  the  world's  sugar.  These  are  the  sugar- 
cane {Saccharum  officinarum)  and  the  sugar  beet  {Beta  vulgaris).  Cane  is 
grown  throughout  the  Tropics  and  in  some  sub-tropical  regions;  the  beet 
is  produced  in  most  parts  of  Europe,  the  northern  and  Pacific  coast 
States  of  this  country  and  in  Canada.  Very  little  sugar  is  produced 
in  the  British  Islands,  though  excellent  beets  have  been  grown  there 
experimentally. 

Other  plants  producing  commercial  quantities  of  sugar  ore  certain 
palms  and  the  maple  tree.  For  the  purposes  of  this  article  it  is  only 
necessary  to  consider  the  two  preponderating  branches  (^  the  sugar 
industry,  the  cane  and  the  beet.  These  two  plants  now  produce  nearly 
equal  proportions  of  the  "world's  sugar  supply. 

In  sugar  manufacture  all  substances  contuned  by  the  plant  juices 
other  than  sucrose  are  considered  to  be  impurities.  The  word  "  impurity  " 
is  used  in  this  sense  in  this  chapter. 

Cane  Sugar 

Raw  Material  and  its  Preparation.  The  raw  material,  sugar  cane, 
is  botanically  a  large  grass.  The  approximate  composition  of  the  stalks, 
the  part  of  the  plant  used  in  sugar  manufacture,  is  shown  in  the  followir^ 
table  by  Dr.  Charles  A.  Browne,  Jr.,'  and  represents  Louisiana  cane 
during  the  manufacturing  season.  Tropical  cane  probably  varies  but 
little  from  this  analysis  except  as  regards  the  sugars,  fiber  and  water 
oontent: 

'  "  Band-book  for  Cane  Sugar  Mouufacturera,"  Spencer,  8th  Ed.,  p.  5. 


S67 


Water 74.50 


Fiber 10.00 


Sugars '. 


Nitrogenous  bodies 0.40 

(Total  N=- .06  per  cent) 

Fat  and  wax 0.20 

Pectin  (gums) 0.20 

Free  acids 0.08 


74.50 

Smca,SiOi 0.26 

Potash,  KsO 0.12 

Soda,NaaO 0.01 

Ume,  CaO 0.02 

Magnesia,  MgO 0.01 

Iron,  Fe208 trace 

Phosphoric  acid,  PaOs 0.07 

Sulphuric  acid,  SOa 0.02 

Chlorine,  CI trace 

Cellulose 5.50 

Pentosans  )  Xylan 2.00 

Cane  gum  J  Araban 0.50 

lignin  bodies,  etc 2.00 

Sucrose 12.50 

Dextrose 0.90 

Levulose 0.60 

Albuminoids 0.12 

Amids  (as  asparagin) 0.07 

Amido  acids  (as  aspartic) 0.20 

Nitric  acid 0.01 

Ammonia trace 

Xanthin  bodies trace 

0.20 

0.20 

(malic,  succinic,  etc.) 0,08 


Combined  acids 0.12    (malic,  succinic,  etc.) .*    0.12 


Total. 


.  100.00     100.00 


The  cane  grown  in  tropical  countries  usually  contains  an  average  of 
approximately  14.5  per  cent  sucrose,  little  or  no  levulose  (when  mature) 
and  in  all  less  than  1  per  cent  of  reducing  sugars.  The  fiber  ranges  from 
10  to  12  per  cent  and  even  higher. 

The  cane  is  propagated  from  pieces  of  the  stalk,  termed  "  seed," 
which  are  planted  ui  furrows  or  in  clumps  according  to  soil  conditions. 
The  young  plants  sprout  from  the  buds  at  the  nodes  or  joints  of  the  cut- 
tings and  quickly  establish  themselves,  soon  forming  lai^e  clumps  and 
thick,  tttmost  impenetrable  rows.  The  plant  matures  in  the  dry  season 
in  the  Tropics  and  is  harvested  at  this  time.  It  never  reaches  full  maturity 
in  sub-tropical  countries  and  is  harvested  for  the  manufacture  of  sugar 
in  the  autumn. 

'  The  preoence  of  raffinose  has  been  reported  but  not  confirmed  (G.  L.  S.).  The 
reducing  sugars  ore  grouped  under  the  term  "  glucose  "  in  cane  sugar  factories. 
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Tbe  stalks  are  cut  close  to  the  ground,  freed  of  their  leaves  and  the  top 
joints  are  removed  at  the  highest  one  showing  signs  of  maturity.  This 
point  is  determined  by  the  color  of  the  stalit.  The  clean  stalks  are 
removed  to  the  factory  as  soon  as  possible  after  cutting.  In  Louisiana, 
however,  owing  to  danger  of  frost  damage  late  in  the  season,  the  stalks 
are  cut  and  covered  or  windrowed  and  left  in  the  fields  until  needed.  This 
is  not  feasible  in  the  tropics,  as  the  cut  cane  would  soon  ferment  if  left  in 
the  fields,  and  must  therefore  be  promptly  milted. 

The  stubble  is  left  to  produce  a  crop  of  ratoons,  to  be  harvested  the 
following  season,  and  where  soil  and  climatic  conditions  are  favorable, 
several  successive  crops  may  be  secured  from  one  planting.  But  one 
ratoon  crop  is  usually  harvested  in  Louisiana-. 

Until  recent  years  the  true  seed  of  the  cane  was  not  known  to  be 
fertile,  but  since  the  discovery  that  cane  does  produce  some  fertile  seed, 
extensive  experiments  in  the  culture  of  seedlings  have  resulted  in  a  number 
of  new  and  valuable  varieties  of  canes. 

In  the  preparation  of  the  stalks  for  milling  it  is  very  desirable  that 
they  be  freshly  cut  and  that  all  leaves  (trash)  and  immature  joints  be 
removed,  since  the  trash  reabsorbs  juice  in  the  milling  process,  and  the 
unripe  joints  contain  little  sucrose  and  much  invert  sugar.  Unfortunately 
labor  conditions  are  usually  such  that  the  cane  does  not  reach  the  mills 
in  a  clean  state  and  freshly  cut. 

Manufacturing  Processes.  These  processes  include  the  extraction  of 
the  juice  from  the  cane,  its  purification,  concentration,  crystallization  of 
the  st^ar,  and  the  separation  of  the  crystals  from  the  mother   liquor 


Extraction  of  the  Juice.  The  milling  process  is  used  almost  without 
excepffon  for  the  extraction  of  the  juice.  The  diffusion  process,  described 
farther  on  in  connection  with  the  beet  sugar  industry,  is  no  longer  used, 
except  in  perhaps  a  half  dozen  factories. 

As  the  cane  arrives  from  the  fields,  it  is  unloaded  upon  an  elevator 
consisting  of  endless  chains  with  projecting  arms  or  upon  a  belt-like  con- 
veyor composed  of  endless  chiuns  and  wooden  slats.  In  several  unload- 
ing devices,  the  loaded  cane  car  is  tilted  endwise  or  sidewise  by  hydraulic 
power  and  the  load  is  discharged  upon  the  elevator  or  conveyor. 

The  conveyor  delivers  the  cane  into  a  preparatory  machine  called  a 
shredder  or  crusher,  according  to  its  type,  which  tears  it  into  shreds  or 
crushes  it.  The  Fiske  or  National  shredder,  the  pioneer  of  these  machines, 
has  two  corrugated  steel  rolls  driven  rapidly  in  opposite  directions,  one 
at  a  higher  speed  than  the  other.  The  rolls  nearly  touch  one  another 
and  strong  springs  at  the  bearings  permit  them  to  separate  with  a  heavy 
feed  of  cane.  This  machine  tears  the  cane  into  fine  shreds;  the  juice 
extracted  b  immediately  reabsorbed.  Crushers  also  have  two  corrugated 
steel  rolls  driven  in  opposite  directiooe  but  at  the  same  speed.  The  cor- 
rugations are  small  and  have  sharp  edges.    The  crusher  rolls  revtdve  very 
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slowly,  crushing  the  eane  and  expressing  about  one  half  the  juice  it  con- 
tains. The  Krajewski  and  Fulton  are  well-known  types  of  these  ma- 
chines. A  Fulton  crusher  is  shown  in  Fig.  322  in  combination  with  a 
twelve-roller  mill. 

The  rind  and  joints  of  the  cane  are  very  hard  and  offer  great  resistance 
in  milling,  hence  the  desirability  of  first  breaking  up  the  eane  by  machines 
requiring  comparatively  little  power. 

Cane  mills  are  composed  of  various  combinations  of  very  heavy  cast- 
iion  rollers  arranged  in  suitable  massive  cast-iron  or  casl^steel  housings. 
In  modem  installations  the  mills  each  have 
three  rollers,  and  combinations  of  three- roller 
mills  make  up  those  of  six,  nine  and  twelve 
or  more  rolls.  The  entire  system  is  driven 
with  one  or  more  engines.  The  crusher 
and  mills  shown  in  Fig.  339  are  geared  for 
driving  with  a  single  engine.  The  use  of 
a  single  engine  is  not  usual  in  the  large  in- 
stallations of  cane-mills  in  Cuba.  Hydrau- 
hc  rams  are  usually  used  to  regulate  the  pres- 
sure on  the  rolls.  The  rams  are  shown  under 
the  crusher  and  mills  in  the  illustration. 

The  following  dimensions  are  typical  of 

the  large  mills  now  in  use:  Rollers  36X84 

ins.  long;  roller  shafts,  hollow  nickel-steel 

^    forgings;  journals  17  ins.  diameterX21  ins. 

a    long.     These  dimensions  are  often  exceeded, 

^    though  few  mills  are  now  made  with  rolls 

longer  than  84  ins.     The  weight  of  such  a 

top  roller  with  its  shaft  is  approximately  14 

short  tons. 

When  the  hydraulic  pressure  is  applied 
to  the  top  roll,  as  is  usual  in  the  majority 
of  installations,  'the  following  loads  upon 
it  are  about  the  customary  numbers:  1st 
mill,  500  tons;  2d  mill,  400  tons;  3d  mill, 
425  tons.  These  loads  are  often  exceeded 
with  very  strong  mills.  Recent  Hawfuisn 
practice  differs  from  these  numbers  ap- 
proximately as  follows:  1st  mill,  500  tons,  2d 
and  subsequent  mills,  230  tons.  It  is  the 
object  to  crush  the  cane  as  thoroughly  as 
possible  at  the  beginning,  so  as  to  better  prepare  the  bagasse  to  receive 
the  saturation  water.     These  loads  apply  to  rolb  84  ins.  in  length. 

The  mill  rollers  are  so  arranged  that  the  cane  is  crushed  twice  by  each 
3-roll  mill,  and  at  each  successive  crushing  the  cane  passes  through  a  smaller 

D,uMZK;l;,V.dOglC 


870  INDUSTRIAL  CHEMISTRY 

opening  than  before.  The  last  mill  is  usually  "  set "  with  its  back  or 
bagasse  roll  and  the  top  roll  almost  touching  one  another,  or  to  use  the 
factory  term,  "  iron  to  iron."  A  curved  knife  or  turn  plate  guides  the 
crushed  cane  from  one  pair  <^  rolls  to  the  next.  Notwithstanding  the 
great  strength  of  mill  rolls  and  shafts  these  are  often  broken  by  the  strain- 
ing to  which  they  are  exposed. 

More  than  one  engine  is  used  in  operating  the  mills  in  present  Cubui 
practice.  This  multiple  use  of  engines  facilitates  the  grinding  of  large 
quantities  of  cane  with  h^h  efficiency. 

The  rinds  and  joints  of  the  cane  are  very  hard  and  offer  great  resistance 
in  milling.  Further,  good  penetration  of  the  saturation  water  requires 
that  as  many  as  possible  of  the  juice  cells  be  broken  in  the  first  stages  of 
'  the  grinding.  The  crushers  that  have  been  described  are  designed  to 
effect  this  destruction  of  the  cells.  An  advance  has  recently  been  made  in 
both  Cuba  and  Hawaii  in  the  preparatory  crushing  and  shredding. 

The  Fulton  crusher  is  now  also  made  double,  i.e.,  the  cane  passes  through 
one  crusher  and  directly  into  a  second.  The  double  crushing  greatly 
increases  the  capacity  of  the  milling  plant  and  materially  improves  the 
extraction  of  the  sugar.  The  first  crusher  is  driven  by  a  separate  engine 
and  the  other  by  the  engine  that  drives  the  first  two  or  three  mills. 

The  Hawaiian  improvement  is  in  the  addition  of  a  Searby  shredder. 
This  machine  is  a  modification  of  a  hammer  mill  ia  which  a  large  number 
of  hammers  beat  upon  the  cane  and  separate  the  fibers.  This  shredder 
may  operate  directly  upon  the  entire  cane  or  upon  that  broken  by  a  crusher. 
Compared  with  Cuban  practice,  a  small  hourly  cane-grinding  capacity 
18  required  of  the  milts  in  Hawaii.  The  small  grinding  rate  facilitates 
obtaining  a  high  extraction,  th^  number  often  passing  98  per  cent  with  the 
combination  of  Searby  ^iredder  and  multiple  mills. 

A  recent  Cuban  plant  consisting  of  two  crushers  and  15  mill  roils, 
aU  Fulton,  has  shown  a  capacity  exceeding  125  tons  of  cane  per  hour,  with 
an  extraction  of  94  per  cent  of  the  si^ar  in  the  cane.  The  mill  rolls  are 
7  ft.  long  by  36  ins.  diameter.  The  first  crusher  is  operated  separately, 
the  second  in  combination  with  three  mills  and  the  East  two  hiIIIh  are 
driven  by  one  engine.  Limitations  of  the  boiling  house  have  prevented 
ascertaining  the  full  capacity  of  the  plant  as  regards  cane  and  extraction. 

Where  large  capacity  is  necessary,  it  is  considered  advisable  to  use  a 
long  train  of  mills  and  drive  the  crusher  by  one  engine,  the  intermediate 
mills  by  a  second  and  the  last  two  mills  by  a  third  engine.  This  arrange- 
ment increases  the  flexibility  of  the  train  and  facilitates  the  speed  adjust- 
ment of  the  various  rolls  so  that  they  operate  in  harmony. 

A  further  marked  improvement  in  milling,  since  the  earlier  editions  of 
this  book,  is  in  the  grooving  of  the  mill  rolls.  Formerly  small  circum- 
ferential grooves,  spaced  about  six  per  inch,  V-shaped,  were  turned  in  the 
roll  shells.  The  size  of  the  grooves  has  been  gradually  increased  and  now 
frequently  but  three  per  inch  are  used.    A  decided  gain  as  r^;ards  cane 
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capacity  and  juice  extraction  has  beeo  Becured  by  turning  very  deep  narrow 
juice  grooves  in  the  shell  of  the  feed  or  cane  roll  at  intervals  of  about  2.5 
inches.  These  grooves  are  about  1.5  ina.  deep.  The  bagasse  bridges  over 
the  grooves  and  the  juice  is  forced  into  them.  Similar  grooves,  but 
much  smaller  are  cut  in  the  dischfu^  or  bagasse  rolls.  This  type  of 
groove  is  known  as  the  "  Messchaert,"  after  its  patentee.  A  similar  result 
is  obtained  with  the  Hind-Renton  grooving.  These  grooves  are  V-shaped, 
the  included  angle  being  30°.  The  grooves  are  spaced  two  per  inch  and 
facilitate  the  passage  of  the  cane  and  the  removal  of  the  juice. 

It  is  fdtogether  probable  that  the  introduction  of  double  crushing  and 
the  deep  juice  grooves  will  lead  to  the  use  of  much  longer  mill  rolls  and 
consequently  to  larger  cane  capacity.  Modem  materials  and  methods  of 
construction  overcome  the  objections  that  formerly  held  against  the  use 
of  long  rolls.  Further,  moderate  roll  preasurea  are  necessary  where 
thorough  crushing  or  shreddii^  is  practiced  and  the  shafts  can  thereftHB 
be  made  of  ample  strength. 

Water  is  usually  t^>plied  to  the  crushed  cane  or  bagasse,  as  it  is  now 
termed,  as  it  emerges  from  the  rolls  of  the  first  and  second  mills.  The 
bagasse  is  in  the  condition  of  a  sponge  that  has  been  squeezed  nearly  dry 
and  quickly  absorbs  the  water,  which  dilutes  a  part  of  the  remaining 
juice.  The  subsequent  milling  of  this  moistened  bagasse  extracts  more 
sugar  than  would  be  obtained  with  dry  crushing.  The  water  is  often  ail 
applied  to  the  bagasse  from  the  next  to  the  last  mill  and  the  thin  juice 
from  the  tost  mill  is  pumped  back  upon  the  bagasse  from  the  first.  There 
are  various  modifications  of  this  method,  depending  upon  the  number  of 
mills  in  the  ssries.  In  this  method,  all  the  juice  extracted  by  all  excep^ 
the  last  mill  is  pumped  to  the  defecatmg  apparatus  for  the  next  stage  of 
the  manufacture.  This  use  of  water  on  the  bagasse  is  termed  "  satura- 
tion," "  maceration  "  or  "  imbibition." 

The  final  residue  is  known  as  "  bagasse  "  or,  in  the  English  colonies, 
"megasse."  It  is  conveyed  directly  from  tiie  mills  to  special  furnaces, 
where  it  is  burned  for  the  generation  of  steam  in  the  boilers.  All  modem 
cane  factories  are  operated  by  steam. 

The  bagasse,  with  very  good  milling,  contains  about  50  per  cent  marc 
or  woody  fiber  and  less  than  46  per  cent  moisture.  Good  bagasse  has  a 
fuel  value  of  from  2700  to  3000  B.T.U.'s,  and  in  many  tropical  plants  sup- 
plies all  the  fuel  required  in  the  manufacture.  The  majority  of  factories 
must  supplement  this  fuel  with  wood,  coal,  or  oil.  The  cane  factory 
requires  a  boiler  installation  of  approximatelyl50  H.P.  per  100  tons  cane 
ground  per  twenty-four  hours.  This  number  depends  upon  the  efficiency 
of  the  plant,  the  quality  of  the  cane  and  the  claas  of  sugar  manufactured. 

The  loss  of  sugar  in  the  bagasse  varies  greatly  in  different  establish- 
ments, but  with  an  installation  consisting  of  a  crusher  and  four  3-rolter 
mills,  and  the  use  of  saturation  water,  it  approximates  4  per  cent  sucrose 
in  the  residue  or  in  terms  of  the  ori^nal  cane,  1  per  cent.     With 
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excellent  milling  and  liberal  saturation  (25  to  30  per  cent  water)  more  than 
96  per  cent  of  the  sucrose  in  the  cane  may  be  extracted  in  the  juice.  These 
numbers  all  indicate  much  better  results  than  are  obt^ned  with  the  aver- 
age equipment.  Where  local  conditions  of  cost  of  cane  and  value  of 
product  justify  additional,  manufacturing  expense,  the  extraction  may 
reaeh  9S  per  cent  and  the  bagasse  contain  less  than  2  per  cent  of  sucrose. 

The  yield  of  juice  by  milling  varies  with  the  quality  of  the  cane  itself. 
Woody  canes  yield  less  juice  than  those  of  low  fiber  content  and  immature 
canes  more  than  ripe,  rich  stalks.  By  dry  crushing,  i.e.,  without  satura- 
tion, 75  per  cent  of  the  weight  of  the  ctme  in  juice  may  be  readily  obtained 
with  the  immature  canes  of  Louisiana,  whereas  in  the  tropics  it  usually 
requires  very  heavy  milling  and  liberal  use  of  saturation  water  to  express 
an  equivalent  quantity. 

The  present  tendency  is  toward  the  construction  of  very  heavy  milling 
plants  with  roils  78  to  84  ins.  long  and  arranged  with  a  crusher  and  three 
to  five  strong  mills  set "  tandem."  Great  attention  is  paid  to  the  foundry 
mixture  in  casting  the  rollers,  to  obtain  an  iron  that  is  neither  too  hard 
Dor  too  soft,  and  that  will  retain  a  slightly  roughened  surface  that  reduces 
the  tendency  of  the  cane  to  slip  and  clog  the  mill.  Such  mills  will  grind 
from  1500  to  2000  tons  or  more  of  cane  per  twenty-four  hours,  though 
where  a  very  large  extraction  is  desired  the  smaller  number  is  that  usually 
reached. 

Puiiflcatioii  of  tiie  Juice.  The  juice  as  it  flows  from  the  mills  is  turbid 
and  filled  with  impurities,  both  chemical  and  mechanical.  It  is  first 
strained  through  perforated  brass  sheets  having  400  round  holes  and  upward 
per  square  inch.  The  surface  of  the  strainer  is  cleaned  by  mechanical 
scrapers,  which  deposit  the  fiber  and  trash  upon  one  of  the  bagasse  con- 
veyors, to  be  again  passed  through  a  mill. 

Defecation  Process.  The  next  stage  of  the  purification  is  the  defeca- 
tion process.  The  raw  juice  is  always  of  acid  reaction.  This  acidity  is 
neutralized  with  millc  of  lime,  dry  staked  lime,  or  powdered  quiclc-lime  and 
the  juice  is  then  heated  to  coagulate  the  albuminoids. 

In  the  ordinary  method  of  defecation,  the  juice  is  first  limed  in  mixing 
tanks,  to  slight  alkalinity  or  faint  acidity,  according  to  the  grade  of  sugar 
to  be  made,  and  is  then  conducted  to  defecators.  These  are  tanks  fitted 
with  steam  coils  or  steam  jacket  at  the  bottom.  Many  factories  lime  the 
juice  in  the  defecator.  The  limed  juice  is  now  heated  with  steam.  The 
heat  is  continued  until  a  heavy  blanket  of  scum  rises  to  the  surface  and 
breaks  or  "  cracks."  When  the  cracking  point  is  reached  the  heat  is  dis- 
continued and  the  juice  is  left  at  rest  for  the  precipitates  to  settle.  This 
process  separates  nearly  all  of  the  albuminoids,  partly  by  coagulation,  and 
a  part  of  the  acids,  fat,  wax  and  gums.  Some  lime  salts  are  formed  and 
persist  throughout  the  manufacture.  A  part  of  these  salts  subsequently 
deposit  upon  the  heating  surfaces  of  the  evaporating  apparatus.  If  the 
process  is  conducted  with  care,  there  is  no  decomposition  of  the  sugars, 
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but  with  excessive  liming  the  invert  sugar  is  decomposed  in  part  and , 
forms  dark,  bitter  compounds  with  the  lime.  These  lime  salts  impede  the 
cryHtallization  of  the  atigar.  The  ripe  cane  frequently  contains  no  levu- 
lose,  but  this  sugar  alwa^  appears  in  the  molasses,  even  if  no  sucrose  is 
inverted,  and  is  attributed  to  the  action  of  the  salts  upon  the  dextrose. 
In  an  acid  defecation,  as  in  making  white  sugar,  if  insufficient  lime  is 
used,  inversion  of  sucrose  occurs. 

After  allowing  sufficient  time,  usually  an  hour  or  longer,  for  the  subsi- 
dence of  the  precipitates,  the  clear  juice  is  decanted  from  between  the 
blanket  of  scimi  and  the  mud  at  the  bottom  of  the  defecator.  The  clear 
juice  is  run  into  storage  tanks  preparatory  to  the  evaporation.  The  scum 
and  mud,  mixed  together,  are  pumped  into  filter  presses  and  the  filtrate 
IB  added  to  the  clear  juice  already  obtained.  The  pressniake  is  used  as  a 
fertilizer  or  on  many  estates  is  wasted.  The  sugar  content  of  the  cake  is 
reduced  by  either  washing  it  with  water  while  still  in  the  press  or  by 
removing  the  cake,  heating  it  to  a  cream  with  water  and  refiltering.  The 
unwashed  cake  contains  from  8  to  12  per  cent  of  sugar,  according  to  the 
richness  of  the  cane  and  the  quantity  of  water  used  in  washing  the  mud 
from  the  defecators,  and  that  by  refiltration  or  thorough  washing  contains 
about  1  per  cent. 

The  fitter  press  is  that  used  in  other  industries.  A  frame  press  of  a 
type  very  generally  used  in  sugar  factories  is  illustrated  in  Fig.  16.  A  heavy 
jute  or  cotton  cloth  is  placed  over  the  grooved  or  perforated  plate  shown 
next  to  a  frame,  in  the  figure.  When  all  the  plates  are  covered  in  this 
way  and  the  press  is  closed  a  series  of  cloth-separated  chambers  is  formed. 
The  muddy  Juice  is  forced  into  these  chambers  under  a  pressure  of  40  to 
50  lbs.  The  cloth  retuns  the  precipitates  and  the  filtrate  flows  from 
cocks  connected  with  channels  in  the  grooved  plates. 

In  the  manufacture  of  plantation  white  sugar,  in  Louisiana  and  to  a 
limited  extent  elsewhere,  the  raw  juice  is  saturated  with  sulphurous  acid, 
then  limed  to  f^nt  acidity  to  litmus.  The  rest  of  the  defecation  process 
is  conducted  aa  already  described.  In  making  the  refining  grades  of  sugar, 
sulphur  may  or  may  not  be  used,  and  is  not  generally  employed  in  tropical 
factories.  An  acid  defecation  is  usually  made  in  Louisiana  and  an  alkaline 
one  in  the  Tropics,  where  lime  is  usually  added  so  lot^  as  a  precipitate 
forms.    The  process  is  termed  "  clarification  "  in  Louisiana.  ' 

Phosphoric  acid  or  acid  phosphate  of  lime  is  often  used  in  the  defeca^ 
tion,  especially  in  making  white  and  high-^rade  yellow  sugars,  to  form  a 
voluminous  precipitate,  which  carries  down  much  flocculent  and  some 
coloring  matter. 

The  defecation  may  also  be  conducted  by  a  continuous  process,  in  which 
there  is  a  constant  flow  of  limed  and  heated  juice  through  a  special  form 
of  settling  tank.  These  tanks  are  so  arranged  that  the  mud  is  drawn  off 
at  the  bottom  and  the  clear  juice  at  the  top.  An  objection  to  this  method 
is  the  danger  (A  decomposition  or  inversion  of  "ugar.    Certain  spores 
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persist  notwitbstanding  the  high  temperatures  aiid,  since  mud  or  juice 
may  lag  in  the  settler,  loss  of  sugar  may  occur.  The  present  tendency  ia 
the  manufacture  is  to  use  the  ordinary  or  intermittent  defecation  process. 
This  involves  frequent  cleaning  of  the  tanks, 

Sulphitation  Processes  for  White  Sugar.  Plantation  white  sugar  is 
made  in  Louisiana  by  the  acid  defecation  process  described  above.  The 
defects  of  this  process  are  that  it  involves  some  loss  of  sucrose  by  inversion 
and  difficulty  in  producing  a  sugar  of  uniformly  good  color. 

A  modification  of  the  sulphitation  process  that  involves  no  inversion 
of  sucrose  and  produces  a  fairly  uniform  product  is  conducted  as  follows: 
From  13  to  15  gallons  of  milk  of  lime  of  26.6°  Brix  is  added  to  the  cold 
juice.  This  is  now  saturated  with  sulphurous  acid  gas  obtained  by  biun- 
ing  sulphur  iiva  special  stove.  The  sulphitation  is  stopped  when  the 
juice  is  neutral  to  phenol-phthaleio  and  heat  is  then  applied  to  it  until 
its  boiling-point  is  reached.  A  voluminous  precipitate  is  formed  which  is 
separated  by  settling  and  decantation  or  by  filter-pressing. 

The  clean  juice  is  evaporated  to  a  syrup  of  54"  Brix.  The  syrup  is 
cooled  to  ajr  temperature  and  then  sulphited  to  ftunt  acidity,  after  which 
it  is  heated  to  about  90°  C.  to  break  up  lime  salts.  The  hot  syrup  is  run 
into  settling  tanks  preparatory  to  the  vacuum  pan  work. 

In  the  Bach  sulphitation  process  the  preliminary  work  is  similar  to  the 
above  except  that  a  little  less  than  half  the  quantity  of  lime  is  added  to  the 
juice.  The  precipitate  is  removed  by  settling  and  decanting.  The  clean 
juice  is  evaporated  to  a  syrup  of  54°  Brix,  The  syrup  is  cooled  to  cur 
tempei^ure,  sulphitation  is  started  and  then  milk  of  lime  of  26.6°  Brix 
is  added  to  it  in  the  proportion  of  16-17  gallons  [>er  1000  gallons  of  syrup. 
The  sulphitation  is  continued  until  the  syrup  b  neutral  to  phencd. 

The  sulphited  syrup  is  filter-pressed  and  the  cake  is  washed  to  low 
sucrose  content  while  still  in  the  press.  No  difficulty  is  experienced  in 
the  filtration.  The  filtered  syrup  is  heated  to  about  94°  C,  and  is  then 
cooled  and  sulphited  to  slight  acidity.  An  acid  reaction  is  necessary  in 
order  to  form  the  acid  sulphite  of  lime  and  thus  prevent  the  precipita- 
tion of  lime  during  the  crystallization  of  the  sugar.  The  syrup  is  now 
ready  for  the  vacuum  pan. 

The  Carbonation  Process.  The  carbonation  process,  described 
farther  on  in  the  beet^ugar  section,  modified  as  to  quantity  of  lime  and 
temperature  conditions,  is  used  to  a  very  limited  extent,  except  in  Java. 
In  treating  cane  juice  by  carbonation  very  little  lime  is  used  as  compared 
with  beet-sugar  work,  and  the  temperature  is  kept  below  55°  C,  to  pre- 
vent the  decomposition  of  the  invert  sugar  which  occurs  in  the  presence 
of  lime  at  higher  temperatures.  Single  carbonation  may  be  used  in 
treating  cane  juice,  but  never  that  of  the  beet. 

In  the  application  of  carbonation  to  the  manufacture  of  plantatirai 
white  sugar  it  is  modified  only  by  the  addition  of  sulphitation. 

Either  the  single  or  double  carbonation  may  be  used,  though,  theoret- 
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ically  at  least,  the  double  process  is  preferable.  The  procedure  is  as  fol- 
lows: The  matter  of  coats  decides  which  carbonation  method  shall  be  used. 
The  angle  process  requires  less  carbonic  acid,  lime,  filter  cloth  and  labOT. 
It  possibly  produces  less  sugar  than  the  double  process,  but  the  reduction 
of  costs  probably  usually  offsets  the  reduced  yield.  The  single  carbona- 
tion is  conducted  in  the  cold  precisely  as  a  second  carbonation  or  satura- 
tion, except  as  to  the  addition  of  lime.  Approximately  0,76  per  cent  of 
iime  (CaO)  figured  on  the  weight  t>f  the  cane,  is  slaked  and  reduced  to  a 
milk  of  35,7°  Brix,  and  is  added  to  the  raw  juice  and  this  is  then  carbonated 
to  neutrality  to  phenol. 

In  the  double  carbonation,  approximately  2.5  per  cent  of  lime  is  added 
to  the  raw  juice  and  is  then  carbonated  until  there  is  a  sharp  separation 
of  the  precipitates.  The  juice  is  now  filter-pressed.  The  filtrate  should 
retfun  an  alkalinity  figured  as  lime  (CaO)  of  1  to  1.5  grams  per  titer.  The 
filtered  juice  Sows  to  the  second  carbonation  or  saturation  where  it  is 
again  carbonated  in  the  cold,  this  time  to  neutrality  to  phenol.  Near  the 
close  of  the  saturation,  the  temperature  is  gradually  increased  and  when 
the  neutral  point  is  reached,  it  is  quickly  raised  to  about  75°  C.  The 
juice  is  now  filter-pressed. 

As  inay  be  noted,  the  first  carbonation  is  stopped  in  the  double  proc- 
ess before  there  is  danger  of  decomposing  the  precipitates,  whereas  in 
the  ^ngle  process  there  is  always  this  risk.  If  magnesia  be  present  in 
the  lime,  it  is  removed  in  the  double  process,  once  its  carbonate  is 
insoluble  in  a  stroi^y  alkaline  solution. 

After  filtration,  the  juice  is  cooled  to  the  air  temperature  aad  both  it 
and  the  syrup  eu^  sulphited  as  in  the  sulphitation  processes. 

Eraporation.  The  purified  juice  is  next  evaporated  to  a  syrup  of 
about  64°  Brix  (30°  Baum^).  The  evaporation  is  conducted  in  multiple- 
effect  vacuum  evaporators. 

There  are  several  types  of  multiple-effect  evapcH-ators,  but  the  basic 
principle  of  all  is  the  same,  so  only  the  so-called  and  commonly  used  stand- 
ard type  of  apparatus'  with  vertical  tubes  will  be  described.  The  triple 
effect  is  the  combination  generally  employed.  The  evaporating  vessels  or 
"  effects  "  of  this  combination,  three  in  number,are  vertical  cylinders  some- 
what of  the  form  of  the  vacuum  pan  shown  in  Fig.  340.  In  the  lower  part 
is  a  belt  contdning  vertical  brass  or  copper  tubes  through  which  the  juice 
circulates,  and  which  are  surrounded  with  steam.  This  heating  belt  is 
termed  the  "  calandria."  The  vessels  of  the  triple  effect  are  arranged  so 
that  a  vacuum  may  be  mwntained  in  each,  e.g.,  5  ins.  in  the  first  effect,  14- 
16  ins.  in  the  second,  and  26  ins.  or  as  high  a  vacuum  as  can  be  secured, 
in  the  third.  Exhaust  steam  from  the  various  engines  of  the  factory  is 
used  to  heat  the  juice  in  the  first  effect;  the  steam  generated  in  boiling 
this  juice  is  conveyed  through  the  vapor  pipe  in  the  dome  of  this  vessel  to 
the  heating  calandria  of  the  second  effect.  Juice  is  conducted  from  the  first 
vessel  to  the  second  and  from  the  second  to  the  third.  The  vapor  from  the 
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Gret  effect  boila  the  juice  in  the  second  by  reason  of  the  differences  in 
vacuum  and  boiling-points,  and  the  condensation  of  this  vapor  produces 
the  vacuum  in  the  first  vessel.  In  the  same  way  tiie  liquor  is  boiled  in 
the  third  vessel  and  the  condensation  produces  the  vacuum  in  the  second. 
The  vacuum  in  the  third  effect  is  produced  by  s  pump  and  condenser. 
The  water  of  condensation  is  removed  by  pumps,  except  from  the  first 
calandria,  from  which  it  flows  by  gravity.  The  evaporation  is  ao  con- 
ducted that  a  stream  of  juice  is  fed  into  the  first  vessel  and  Sows  from 
effect  to  effect,  gaining  in  density  as  it  travels,  and  finally  finished  syrup 
of  the  desired  density  is  constantly  pumped  from  the  third  effect.  This 
method  is  often  extended  to  four  vessels,  which  is  termed  a  "  quadruple- 
effect,"  and  so  on.  For  various  reasons,  the  vertical  tube  or  standard  type 
of  evaporator  is  not  often  extended  beyond  four  vessels  in  cane  factories. 
The  water  from  the  steam  condensed  in  the  calaudrias  is  used  for  boiler - 
feed-water  and  the  surplus  for  maceration  of  bagasse  and  other  purposes, 
thus  utihziQg  its  heat. 

The  method  of  producing  the  vacuum  will  be  described  later  in  connec- 
tion with  the  crystallization  of  the  sugar. 

The  differences  of  vacuum  and  the  consequent  differences  in  boiling- 
points  of  the  liquors  enable  the  multiple-effect  use  of  the  steam  applied 
in  the  calandria  of  the  first  vessel.  A  triple-effect  apparatus  will  evaporate 
about  3  lbs.  of  water  per  pound  of  steam  apphed  in  the  calendria  of  the 
first  vessel;  a  quadruple-effect  will  evaporate  about  4  lbs.  and  so  on. 
The  first  vessel  is  frequently  built  with  much  larger  beating  surface  than 
the  others,  that  it  may  generate  extra  vapor  for  use  in  juice  heating  or 
vacuum  pan  boiling.  The  extra  steam  generated  in  the  first  vessel  is 
circulated  through  the  juice  heater  and  raises  the  temperature  of  the 
juice  to  about  the  boiling-point.  A  part  of  the  juice  is  evaporated  in  double- 
effect  aod  all  the  juice  is  heated  with  similar  economy.  A  separate  vessel, 
termed  a  pre-evaporator  or  preheater,  is  often  employed  to  increase  the 
evaporative  capacity  an^  economize  fuel,  by  heating  juice  in  double- 
effect,  and  in  boiling  a  calendria  vacuum  pan,  thus  extending  multiple- 
^ect  evaporation  to  the  massecuite.  The  preheater  itself  may  be  in 
double-effect  or  extra  vapor  may  be  taken  from  the  second  vessel  of  the 
evaporator.     This  gives  triple-effect  juice  heating  or  vacuum  pan  boiling. 

Crystallization  oi  the  Sugar.  The  concentrated  juice  or  syrup  is 
pumped  from  the  multiple-effect  to  storage  tanks  preparatory  to  the 
crystallization  of  the  sugar.  The  crystallization  is  accomplished  in  a 
single-effect  vacuum  pan  such  as  is  shown  in  Fig.  340. 

The  vacuum  or  strike  pan,  Fig.  340,  is  a  cylindrical  vessel,  A,  usually 
of  cast  iron,  having  a  dome-shaped  top  with  vapor  pipe,  B,  and  a  conical 
bottom  provided  with  a  strike  or  discharge  valve,  C.  The  pan  is 
equipped  with  large  heating  surface  of  copper,  and  steam  and  vacuum 
gauges,  also  sight-glasses,  D,  for  watching  the  progress  of  the  work,  a  proof- 
stick  for  drawing  test  samples  and  suitable  pipe  connections  for  syrup  and 
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molasses.  The  steam  enters  a  manifold,  E,  trom  which  it  is  distributed  to 
the  coils;  each  of  the  latter  has  a  stop  vaJve  for  steam,  and  drainage  cmi- 
nectJonB  for  condensation  water.  The  vap(H«  from  the  boiling  sugar  st^u- 
tion  pass  through  a  save-all,  F,  connected  at  the  bottom  with  the  pan, 
where  they  expand  and  meet  baffle  plates,  so  that  sugar  entrained  with  the 
vapor  may  be  returned  to  the  apparatus.  The  vapors  from  the  evaporat- 


ii^  syrup  pass  into  a  condenser,  G,  in  which  they  meet  a  shower  of 
water.  The  incondensible  gases  are  lead  off  through  a  pipe,  K,  from  the 
lower  part  of  the  condenser  to  a  vacuum  pump.  The  condensing  water 
and  water  of  cpndensatioB  are  carried  off  through  the  "  leg  pipe  "  or  tor- 
ricetlian  tube,  H.  The  foot  at  the  leg  pipe  ia  sealed  with  water,  in  the 
hot  well,  /. 

The  aimve  is  a  description  of  the  "  dry-vacuum  system."     It  is  so 
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called  because  only  the  incondensible  gases  are  separately  removed  by  the 
pump.  In  the  "  wet  system  "  the  condensing  and  condensation  waters 
and  the  gases  are  carried  off  by  the  vacuum  pump.  The  dry  system  is  pre- 
ferred for  large  installations.  Many  factories  use  a  condenser  in  common 
for  the  multiple  effects  and  vacuum  pana. 

In  crystallizing  the  sugar,  the  pan  boiler  proceeds  as  follows:  Having 
produced  a  vacuum  in  the  pan  he  draws  in  what 'he  deems  to  be  sufficient 
syrup  for  graining  the  "  strike,"  and  evaporates  it  to  a  saturated  sugar 
solution  at  the  desired  temperature.  He  regulates  the  boiling-point  by  the 
mjection  of  water  into  the  condenser,  thus  controlling  the  vacuum.  When 
ready  to  fonn  the  crystals,  i.e.,  grain  the  strike,  he  heats  the  liquor  to  a  tem- 
perature of  from  60  to  70°  C,  the  grade  of  sugar  desired  determining  this 
condition.  At  this  stage  there  are  two  customary  methods  of  procedure: 
In  the  method  usually  followed  in  the  cane-sugar  factories,  the  concentra- 
tion ia  continued,  maintaining  a  constant  or  slightly  rising  temperature, 
until  crystals  of  sugar  begin  to  appear  in  the  boiling  liquor.  By  means 
of  the  proof  stick,  the  pan-boiler  withdraws  a  small  sample  of  the  liquid 
and  examines  it  upon  a  glass  plate  by  transmitted  light.  He  continues  the 
concentration  and  these  teste  until  a  sufficient  number  of  crystals  have 
separated,  dependent  upon  the  grade  of  sugar  he  is  making,  and  then 
admits  a  small  charge  of  syrup  to  the  pan  and  frees  up  the  boilii^ 
material,  being  careful  not  to  remelt  the  almost  microscopic  crystals  nor 
to  cool  the  liquor  sufficiently  to  cause  additional  crystals  to  form. 

In  the  second  method  of  graining,  the  concentration  of  the  syrup  is 
continued  until  the  appearance  of  the  thread,  formed  by  rapidly  separating 
the  thiimb  and  finger  moistened  with  the  test  sample,  shows  that  the  liquor 
b  sufficiently  saturated  with  si^ar.  The  pan-boiler  now  increases  the 
injection  of  cold  water  into  the  condenser,  thus  increasing  the  vacuum  and 
cooling  the  material  in  the  pan.  The  boiling  mass  becomes  supersatu- 
rated with  sugar  and  minute  crystals  immediately  form.  A  small  charge 
of  syrup  is  now  admitted  to  the  pan  and  the  concentration  of  the  material 
is  so  regulated  that  no  more  crystals  form. 

It  requires  considerable  skill  in  gruning  to  form  the  requisite  number 
of  crystals.  If  an  insufficient  number  is  formed,  the  crystals  will  grow 
large  and  later  in  the  operation  there  will  not  be  enough  crystal  surface, 
and  new  grtun,  "  false  grain,"  will  form,  and  the  mother  liquor  will  be  rich 
in  st^ar.  False  grain  impedes  the  subsequent^rocess  of  purging  the  sugar 
and  reduces  the  yield.  Too  many  crystals  result  in  si^ar  of  too  small- 
dzed  grun. 

After  the  formation  of  the  crystals  the  pan-man  continues  the  boiling 
injecting  syrup  by  charges  or  continuously  if  he  so  elect,  to  compensate 
for  the  water  evaporated  and  obtain  a  saturated  solution,  but  always 
avoiding  temperature  and  other  conditions  favorable  to  further  formation 
of  crystals.  The  charges  must  be  large  enough  to  enable  the  crystals 
to  circulate  freely  but  not  too  large  in  proportion  to  the  crystal  surface. 
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This  forces  the  sugar  to  deposit  upon  the  crystals  already  present,  which 
soon  grow  to  the  desired  size.  The  material  is  now  concentrated  to  a  solid 
content  of  about  92  per  cent  more  or  less,  and  in  termed  "  massecuite." 
The  fiteam  is  shut  oS,  tur  is  admitted  to  the  pan,  and  the  "  strike  "  is 
discharged  through  the  foot^valve  into  suitable  recipients.  In  making 
hard-grained  sugars  a  high  temperature  is  m^ntained  until  near  the  end 
of  the  operation,  and  on  the  contrary,  s  very  high  vacuum  and  low  tem- 
peratures, produce  sizars  of  low  polarization,  composed  of  soft  crystals. 

Id  making  small^ained  sugar,  the  cryst^  are  formed  when  the  pan 
is  about  half  filled  with  concentrated  syrup.  "  Low  gr^ing  "  produces 
a  coarse  sugar.  If  very  lai^  crystals  are  dedred,  a  part  of  the  strike  is 
removed  from  the  pan  or  is  "  cut-over  "  through  pipes  into  an  adjoining 
pan,  and  the  boiling  is  resumed.  If  the  cut-over  pipe  is  used  both  pans 
may  be  filled  with  large^ained  sugar  or  one  strike  may  continue  with 
syrup  and  the  other  be  completed  with  molasses  to  form  a  lower  grade 
massecuite. 

The  methods  described  are  for  liquors  rich  in  sugar  and  of  high  purity. 
In  factories  using  modem  methods,  the  mother  hquor  or  molasses  obtained 
from  a  sugar  of  the  first  crystallization  is  substituted  for  syrup,  as  stated 
above,  to  form  a  "  mixed  massecuite."  Both  the  massecuite  of  the  first 
boiling  and  the  mixed  massecuite  are  boiled  to  definite  coefficients  of 
purity,  so  that  the  molasses  from  the  last  boiling  shall  contfun  so  little 
sugar  tiiat  it  cannot  be  profitably  farther  treated  for  sugar  extraction. 
In  this  method  the  pan  work  must  be  supplemented  by  crystallization 
in  motion  in  crystallizers  such  as  tlioee  described  below.  In  two  masse- 
cuite work,  the  first  is  usually  reduced  with  molasses  to  a  purity  of  76° 
and  the  mixed  ma^^secuite  to  60°;  in  the  three-massecuite  method,  the 
purities  are  respectively  about  85,  75  and  60°.  These  conditions  vary 
somewhat  according  to  the  grade  of  sizars. 

A  crystalliser  is  a  large  tank,  fitted  with  powerful  mixing  arms,  and  is 
made  in  three  types,  viz.,  closed  crystallizers,  open  crystallizers,  and  vac- 
uum crystallizers.  The  closed  crystallizer  is  a  horizontal  cylindrical 
mbdng  vessel  provided  with  manhole,  and  chai^ng  and  discharging  con- 
nections. The  open  crystallizer  is  amilar  to  the  closed  and  differs  in 
havii^  the  upper  side  open,  expodi^  a  lai^  area  of  massecuite  to  the  ^r. 
The  vacuum  crystallizer  differs  from  the  closed  in  having  vacuiun  connec- 
tions and  its  lower  half  steam-jacketed.  It  is  in  fact  a  slow-boiling  vacuum 
pan  with  forceil  circulation  of  the  massecuite.  The  closed  and  open  type 
are  sometimes  provided  with  a  water  jacket  for  controlling  the  tempera- 
ture, but  this  is  not  usual  in  the  cane-sugar  industry. 

There  are  many  methods  of  umng  crystallizers,  but  a  usual  one  in  cane- 
sugar  factories  is  to  boil  a  strike  of  mixed  massecuite,  injecting  molasses  as 
described,  and  running  it  into  the  crystallizer.  Here  the  massecuite  is 
constantly  stirred  during  three  or  four  days  or  until  it  cools  down  to  the 
desired  temperature.     The  crystals  are  kept  in  constant  motion  to  bring 
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them  into  contact  with  the  sugar  in  solution;  thus  the  sugar  depodta 
upon  these  crystals  instead  of  forming  new  ones. 

Many  factories  still  simply  concentrate  the  molasses  that  is  rich  enough 
to  crystallize,  to  "  string  proof,"  or  "  blank,"  and  run  it  into  tanks  to  crys- 
tallize at  rest.  The  proof  is  determined  as  described  in  the  8ec<md  method 
of  graining,  by  separating  the  thumb  and  finger  moistened  with  the 
molasses,  thus  forming  a  thread,  or  more  often,  the  concentrated  molasses 
is  poured  from  the  proof  stick  and  the  appearance  of  the  "  string  " 
formed  is  noted.  The  crystals  fonned  at  rest  are  small,  soft  and  of  low 
polariacopic  test,  whereas  those  obtained  by  crystallization  in  motion  are 
large,  firm,  and  of  high  test. 

Pulling  and  Curing  the  Sugar.  The  massecuite,  after  the  completicm 
of  the  crystallization,  is  conveyed  to  mixers  from  which  it  is  drawn  off 
into  centrifugal  machines  for  the  separation  of  the  molasses  from  the 
crj^tals. 

The  centrifugal  counts  of  a  shallow  drum  or  basket,  having  perforated 
walls  and  lined  with  finely  perforated  brass  sheets  or  brass  wire  cloth. 
A  customary  size  for  large  machines  is  40  ins.  diameter  by  24  ins.  depth. 
By  suitable  transmission  a  machine  of  this  size  is  rotated  about  1000 
revolutions  per  minute.  A  charge  of  massecuite  is  run  into  the  centrif- 
ugal, usually  while  the  latter  is  slowly  revolving  and  the  speed  is  then 
increased  until  the  molasses  is  thrown  off  by  the  centrifugal  force  and  the 
sugar  is  retained  by  the  perforated  lining; 

In  making  raw  sugar  for  refining,  after  the  above  treatment,  the  crys- 
tals are  ready  for  packing  and  shipment.  In  the  event,  however,  of  the 
crystals  not  testing  sufficiently  near  ^e  market  basis,  95  per  cent  or  90 
per  cent  by  the  polariscope,  according  to  market  conditions,  after  all  but 
the  closely  adhering  molasses  has  been  thrown  oS  by  the  centrifugal,  a 
Uttle  water  is  sprayed  upon  the  wall  of  sugar,  which  quickly  removes  a  put 
of  the  low-test  molasses  from  it.  Sugars  polarizing  approximately  96° 
are  termed  "  centrift^als  "  and  are  the  basis  of  market  quotations  for 
raw  sugar. 

Many  raw  sugars,  i.e.,  sugars  that  must  be  refined  before  they  enter 
into  consumption,  fall  off  in  polarization  during  storage.  This  decom- 
position is  usually  attributed  to  bacterial  activity.  A  toss  of  2  to  3  per 
cent  of  the  sucrose  is  not  unusua]  during  long  storage  of  96°  sugar,  and 
the  loss  is  especially  heavy  during  sea  voyages.  Certfdn  districts,  notably 
in  Java  and  the  Hawaiian  Idands,  make  sugars  that  polarize  above  97° 
and  contun  little  more  than  a  trace  of  moisture,  Eonce  such  sugars 
suffer  little  decomposition  durii^  shipment  and  storage.  St^ars  of  96° 
containing  less  than  1  per  cent  of  moisture  usually  retain  their  initial 
polarization  during  storage  and  shipment.  Steam  may  be  injected 
between  the  casing  and  basket  of  the  centrifugal,  or  into  it,  to  remove  the 
molasses  and  dry  the  crystals,  or  a  granulator,  as  described  for  white 
beet  sugar,  may  be  used  for  drying. 
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In  making  white  sugar  in  the  factoiy,  the  juice  having  been  purified 
as  has  been  described,  the  cryatals  are  thorou^ly  washed  in  the  centrif- 
ugal with  water.  Usually  a  little  ultramarine  is  added  to  the  water 
"  to  kill  "  the  yellow  tinge  of  the  cryatals.  A  gnuiulator  is  usually  used 
in  drying  white  si^ar.  (See  Beet  Sugar.)  Superheated  steam  is  also 
usbd  in  a  covered  centrifugal  to  dry  white  sugar.  In  the  latter  method 
the  crystals  retwn  their  glossy  surfaces  tance  they  do  not  rub  against 
one  another  as  in  a  granulator. 

The  sugars  crystallized  at  rest  from  molasses  massecuite  consist  of 
small,  soft  crystals,  which  are  sold  on  a  muket  basis  of  89°  test  or  are 
remelted  and  teboiled  to  produce  higher  grades,  or  are  simply  mixed  with 
high-test  sugar  and  sold  as  such.  CrystalUzer  sugars  are  often  mingled 
with  high  purity  molasses  to  form  a  magma,  which  is  mixed  and  purged 
with  the  first  massecuite,  thus  enablii^  the  factory  to  produce  but. one 
grade  of  high-test  sugar.  This  method  was  inaugurated  in  Cuba  by 
the  writer  in  1904  and  has  extended  to  a  lai^  number  of  factories. 

It  is  customary  to  "  boil-in  "  molasses  on  strikes  started  with  syrup  or 
with  a  "  seed  "  magma  and  thus  produce  only  one  grade  of  raw  sugar. 
This  procedure  is  modified  in  white  sugar  manufacture,  in  which  the  low 
st^ar  is  remelted.  The  "  seed  "  is  a  magma  formed  of  low  grade,  small 
oryHta]  sugar  and  ^yrup  or  molasses. 

The  viscous  liquid  residue  aiter  the  removal  of  the  crystals,  the  crys- 
tallizatioQ  having  been  carried  as  far  as  is  commercially  profitable,  is 
termed  "final  molasses,"  or  in  the  markets  simply  "molasses."  With 
excellent  manufacture  in  Cuba  this  reddue  contuns  about  86  to  S8  per 
cent  apparent  solids  (degree  Brix),  and  52  per  cent  of  total  sugais.  This 
tatter  con^ts  of  about  35  per  cent  sucrose,  by  Clerget's  method,  and  the 
remunder  is  dextrose  and  levulose  in  variable  proportions.  The  molasses 
cont^ns  up  to  about  9  per  cent  of  ash  and  has  an  ^parent  coefficient  al 
purity  of  about  30°,  i.e.,  30  per  cent  of  the  solids  as  indicated  by  the  Brix 
hydrconeter  is  sucrose  by  direct  polarization.  The  true  coefficient,  i.e., 
that  based  ui>on  true  solids  and  the  sucrose  by  the  Clerget  method, 
is  usually  above  40°  in  molasses,  made  by  the  defecation  process.  Molasses 
by  the  carbonation  process  has  nearly  the  same  true  and  apparent  coef- 
ficients, both  very  low  numbers. 

Much  lower  coefficients  of  purity  may  be  readily  obtained  in  Louifuana 
than  in  the  Tropics,  owing  to  the  nature  of  the  impurities  in  the  juice.  Few 
tropical  factories  turn  out  molasses  of  lower  purity  than  30",  or  even  so  low. 
The  average  yield  of  molasses  per  ton  of  cane  approximates  4  to  6  gallons. 

A  few  Louisiana  factories  do  not  attempt  to  extract  more  sugar  than  they 
can  obtiun  in  one  crystallization,  preferring  rather  to  make  a  rich  molasses 
of  good  color  that  is  suitable  for  the  baking  industry  and  the  table,  the 
high  price  of  this  product  more  than  offsetting  the  reduced  yield  of  sugar. 

The  yield  of  commercial  sugar  varies  with  the  quality  of  the  cane,  the 
factory  equipment  and  management,  and  the  grade  of  sugar  produced. 
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The  Cuban  yield  averages  a  little  over  10.5  per  cent  of  the  we^ht  of  the 
cane  of  sugar  equivalent  to  96°  "  Centrifugals."  A  few  factories  extract 
as  high  as  12  to  13  per  cent.  The  Louisiana  yield  will  probably  average 
7.6  per  cent  of  sugar. 


PiQ.  341. — Canfr«ug&r  Manufacture.    Process  Diagmn. 

The  following  figures  show  the  average  composition  of  the  centrifugal 
sugars  from  two  veiy  large  Cuban  factories  which  produce  but  one  grade 
of  product: 
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Sucrose,  direct  polarization per  cent  96.64  96.04 

Sucrose  by  Cle^et  method "        96.82  96.56 

Moisture "           0.95  1J21 

Glucose "          0.69  1.05 

Ash "           0.63  .32 

Factory  "A"  i^ngles  the  third  or  crystalizer  sugar  with  molasses  and 
uses  the  magma  as  "  seed  ";  factory  "  B  "  mingles  the  third  sugar  and 
repinges  it  mixed  with  first  or  second  massecuite,  in  both  cases  producing 
96°  sugar. 

Beet  Suqar^ 

Raw  Material  and  its  Prepaiaticai.  The  sugar  beet  is  grown  from  seed. 
The  rows  are  seeded  thickly  and  the  yomig  plants  are  thinned  to  leave 
vigorous  ones  about  6  ins.  apart  in  the  row.  The  dedrable  beet  a 
small,  the  topped  root  weighing  about  a  pound,  and  is  tapering,  some- 
what top-ehaped,  regular  in  form  and  has  few  rootlets.  Large  beets  are 
not  usually  as  rich  as  the  small  ones  described. 

In  addition  to  the  carbohydrates  sucrose,  raffinose  and  occasionauy 
slight  traces  of  invert  sugar,  the  following  organic  substances  have  been 
found  in  sugar  beets:  Oxalic,  formic,  citric,  malouic,  succinic,  aconitic, 
trioarboUicylic,  oxycitric,  maUc  and  tartaric  acids,  chlorophyll,  betide, 
asparagine,  glutamine,  leucine,  legumine,  tyrosine  and  the  xanthine  bodies, 
xanthine,  guanine,  hypoxanthine,  adenine  and  camine.  The  following 
decomposition  products  were  identified  by  von  Lippmann:  Arginine, 
guanidine,  allantonine,  vemine,  vicine,  and  in  the  young  plant  alloxan- 
thine.  The  decomposition  of  these  bodies  is  the  source  of  the  ammonia 
set  free  in  the  manufacture  and  drawn  off  from  the  calandrias  of  the  mul- 
tiple effect.  The  following  non-nitrogenous  bodies  are  also  present  in  the 
beet:  Lecithine,  pectose,  pectase  and  comferine.  The  mineral  constit- 
uents include  the  following  Bubstances:  salts  of  potassiiun,  sodium,  rubid- 
ium, vanadium,  calcium,  magnesium,  iron,  and  manganese  and  the  fol- 
lowing acids  in  combination  with  the  inorganic  constituents:  Hydrochloric, 
sulphuric,  nitric,  phosphoric  and  silicic  acids.  Our  knowledge  of  the  com- 
position of  the  beet  is  largely  due  to  Scheibler,  Schultze  and  Boshard  and 
von  Lippmann.  These  data  are  largely  from  an  article  by  von  Lippmann  ' 
also  from  Sidersky's  TraiU  d' Analyse  de  Matieres  Sucries  and  Horsin, 
Deon's  TraiU  de  la  Fabrication  du  Sucre. 

'  Many  of  the  expreeeions  used  in  the  American  beet  sugar  factoriee  ore  derived 
from  the  German,  Rberess  the  comeponding  expresaons  of  the  cane  industry  are  from 
the  French,  The  folkining  expreasioDB  are  examples,  that  from  the  German  bong 
^ven  first:  Thin  juice^juice,  i.e.,  juice  that  has  not  been  concentrated;  thick 
iuice=8yTiip;  fill  mosa^massecuite;  vash  syrup  =  wash  cs'  washing;  green  eyiup^ 
high-purity  molaaeea,  dewgnaled  by  numbere. 

*  Bui.  de  rAnoc.  CkimUlea  de  Framx,  14,  691,  819. 
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In  preparing  the  beets  for  the  factory,  they  are  topped  at  the  lowest 
leaf  scar  and  are  then  hauled  to  the  factory  where  they  are  stored  in  sheds 
or  in  the  open  upon  platfonns,  according  to  climatic  conditions.  When 
necessary  to  pile  the  beets  in  the  field  for  any  length  of  time,  they  are  pro- 
tected by  a  ly^t  covering  of  leaves  and  earth.  Climatic  conditions  deter- 
mine the  methods  of  storage.  In  very  cold  even  climates  in  the  United 
States  very  large  piles  of  beets  have  been  successfully  stored  on  open  plat- 
forms. The  frost  affects  only  the  outer  layers,  and  as  the  thawing  is 
gradual  the  beets  are  but  little  damaged. 

The  beets  are  flushed  to  the  factory  in  flumes,  waste  water  being  used 
largely  for  this  purpose.  They  are  elevated  to  the  washing  machines  by 
an  -apparatus  which  also  reiaoves  many  of  the  adhering'  stones  and  are 
thoroughly  cleansed.  From  the  washing  machines  they  are  elevated  to 
automatic  scales,  above  the  slicers,  for  we^hii^. 

Extiactioo  of  the  Juke.  The  juice  is  extracted  by  the  diffusioa  proc- 
eaa.  The  washed  and  waghed  Toot«  are  conveyed  to  the  slicing  machines, 
which  cut  them  into  more  or  less  V-shaped  slices  or  cossettes.  The  slices 
are  packed  loosely  in  the  cells  of  the  diffusion  battery,  which  extracts  the 
juice  by  a  somewhat  imperfect  process  of  dialysis,  the  cell  walls  supplying 
the  membrane. 

The  diffusion  batt«ry  consists  of  a  number  of  cylindrical  iron  vessels, 
usually  twelve,  with  suitable  pipe  connections,  heating  devices  and  top 
and  bottom  doors.  The  pipes  are  so  arranged  that  the  liquid  may  be 
conducted  from  one  vessel  to  the  next,  entering  at  the  top  or  bottom,  at 
the  will  of  the  operator,  and  permitting  any  vessel  to  be  disconnected  from 
the  series  for  chai^g  with  slices  and  dischai^ng  the  spent  pulp.  A  general 
view  of  the  upper  part  of  a  circular  diffusion  battery  is  shown  in  Fig.  342. 

In  operatii^  tiie  battery,  a  vessel  or  diffuser  is  filled  with  beet  slices, 
then  warm  water  is  turned  into  it  at  the  bottom  connection,  driving  out 
the  air  through  a  cock  in  the  cover;  by  the  time  this  diffuser  is  filled  with 
water,  the  next  one  has  been  chai^^  with  beet  slices;  the  direction  of  the 
current  of  liquid  in  the  first  is  reversed,  the  water  now  entering  at  the  top, 
and  the  thin  juice,  as  it  now  is,  passes  into  the  second  diffuser  at  the  bot- 
tom, expelling  the  air  as  from  the  previous  vessel.  The  thin  juice  is  heated 
in  transit  and  passes  into  successive  diffusers  as  they  are  filled  with  slices. 
When  about  ten  or  eleven  vessels  have  been  filled,  according  to  the  number 
in  the  battery,  a  measured  volimie  of  juice  is  drawn  from  the  last  one  filled, 
the  water  pressm-e  applied  at  the  first  diffuser  of  the  series  forcing  the 
juice  to  circulate.  Air  pressure  is  used  in  many  factories,  when  drawing  a 
charge  of  juice,  to  promote  economy  of  water  and  sugar.  The  use  of  water 
is  sometimes  preferable,  as  with  it  the  exhausted  pulp  may  be  flushed 
through  canals  to  the  elevators.  The  spent  pulp  is  elevated  to  continu- 
ous presses  in  which  a  large  part  of  its  water  is  expressed.  The  juice, 
drawn  as  described,  is  strained  through  depulpers  and  conducted  to  tanks 
for  the  next  stage  of  the  manufacture. 
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The  slices  In  the  first  difFuBer  of  the  series  are  dow  practically  exhausted, 
but  0.15  per  cent  sucrose,  more  or  less,  remaining  in  them.  This  vessel  is 
disconnected  from  the  series  and  the  exhausted  pulp  or  cossettes  dischat^ed 
from  it. 

From  now  on  each  time  a  vessel  is  charged  with  beet  slices  and  juice,  a 
measured  volume  of  juice  is  drawn  from  it  and  the  spent  pulp  is  removed 
from  the  first  diffuser  of  the  series,  each  diffuser  in  regular  order  containing 
the  exhausted  pulp.  The  rate  of  filling  the  diffusera  depends  upon  their 
shape,  size,  the  number  in  the  battery  and  the  capacity  of  the  factory. 
The  usual  rate  of  filling  is  a  diffuser  of  beets  every  ax  to  seven  mmutes. 


Fig.  342. 

The  control  of  the  battery  temperatures  is  of  the  highest  importance, 
lie  slices  must  not  be  overheated  or  they  will  mat  and  impede  the  cir^ 
culatioa  of  the  juice,  and,  besides,  excessive  heat  favors  the  extraction  of 
other  bodies  than  sugar;  deficient  heat  results  in  an  imperfect  extraction 
of  the  sugar.  The  temperature  conditions  vary  in  different  factories  and 
also  with  the  quality  of  the  beets.  With  perfectly  sound  beets  a  maximum 
temperature  from  80-84'  C.  usually  gives  good  results,  but  the  heat  must 
never  be  sufficient  to  soften  the  slices,  and  m-.  st  be  lower  with  unsound 
beets. 

The  volume  of  juice  to  be  drawn  from  each  diffuser  must  be  carefully 
controlled.  If  too  little  is  drawn  the  extraction  of  sugar  is  imperfect  and 
too  much  unnecessarily  dilutes  the  juice  and   causes  waste  of  fuel.     The 
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usual  "draw"  ia  from  100  to  110  liters  of  juice  per  100  kiloe  of  beetB,  the 
quantity  varying  with  the  quality  of  the  beeta  and  the  cost  of  fuel. 

As  may  be  seen  from  the  above  description,  the  diffusion  process 
depends  upon  osmosis,  the  cpll  walls  of  the  beet  taking  the  place  of  the 
parchment  paper  in  the  ordinary  process  of  dialysis.  It  is  therefore  very 
necessary  that  the  knives  of  the  slicers  be  very  sharp,  in  order  that  as  few 
cells  as  possible  may  be  ruptured. 

The  exhausted  pulp  is  used  for  stock  food.  In  recent  years  many 
factories  desiccate  the  pulp  to  facilitate  shipment  to  distant  markets  and 
to  permit  of  tte  use  as  an  absorbent  of  liquid  foods,  such  as  molasses. 

The  jneld  of  deuccated  pulp  is  approximately  5  to  6  per  cent  of  the 
weight  of  the  beeta  worked. 

Purification  of  the  Juice.  The  beet  juice  always  contains  very  fine  pulp 
that  passes  the  strainers  of  the  diffusion  battery.  This  pulp  is  lai^ty 
removed  by  special  strainers  called  "  depulpers,"  and  a  part  of  it  is  carried 
down  with  the  carbonate  of  lime  in  the  puri&cation  of  the  juice. 

The  simple  defecation  process  as  applied  to  cane  juice  does  not  give 
satisfactory  results  with  the  beet.  In  the  only  process  used,  the  juice 
is  first  defecated  with  lime  and  then  the  latter  is  precipitated  with  carbonic 
acid,  hence  the  name  "  carbonation  process  "  is  applied  to  the  method 
of  treatment. 

The  juice  is^un  into  lai^e  tanks,  where  it  is  hmed;  milk  of  hme  or 
quicklime  equivalent  to  about  2  to  2.5  per  cent  or  even  more  on  the  weight 
of  the  beets  of  calcium  oxide  is  added.  Factories  equipped  with  the 
Steff ea  saccharat«  process  for  the  extraction  of  the  sugar  from  the  molasses, 
described  farther  on,  use  the  triba^c  saccharate  of  calcium  in  part,  in 
liming. 

The  temperature  of  the  juice  during  carbonation  should  be  from  70 
to  80"  C.  and  may  reach  85°  with  sound  beets.  Formerly  much  iower 
temperatures  were  advised  than  are  now  employed. 

The  liming  is  followed  by  the  double  or  even  triple  carbonation  proc- 
ess. Both  the  liming  and  carbonation  are  usually  spoken  of  as  the  "  car- 
bonation process." 

Carbonic  acid  is  forced  into  the  limed  juice  through  distributing  pipes. 
The  lime  is  precipitated  as  a  carbonate  and  salts  of  the  acids  of  the  juice. 
The  carbonate  carries  down  mechanically  many  of  the  impurities  that 
have  separated  and  also  much  of  the  coloring  matter.  The  injection  of 
carbonic  acid  is  continued  until  the  juice  retains  an  alkalinity  equivalent 
to  about  1  to  1.5  grams  of  calcium  oxide  per  liter,  using  phenolphthalein 
as  an  indicator.  Should  this  carbonation  be  carried  too  far,  many  of  the 
impurities  would  again  pass  into  solution.  The  juice  foams  con^derably 
during  this  operation,  and  steam  jets,  oil  or  grease  are  often  used  to  beat  it 
down.  Very  deep  tanks  are  used  in  modem  installations  to  obviate  the 
use  of  steam,  grease,  etc.  The  use  of  steam  is  objectionable  on  account 
of  its  decomposing  action  on  the  sucrose  in  the  foam. 
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The  workman  judges  the  end  point  of  the  first  carbonation  by  the 
appearance  of  the  precipitate  in  a  test  sample  of  the  juice  in  a  apoon.  He 
is  also  guided  by  the  sound  of  the  bubbles  of  gaa  entering  the  juice.  More 
accurate  tests  are  made  by  titration  with  a  standard  acid. 

At  the  conclusion  of  this  carbonation  the  juice  is  heated  to  near  its 
boiling-point  and  is  then  filter-pressed.  The  filtrate  fiows  into  the  second 
carbonation  tanks.  The  juice  usually  still  contains  sufficient  lime,  but  in 
Bome  factories  a  small  quantity,  about  0.25  per  cent,  is  added.  It  is  again 
carbonated,  this  time  at  a  temperature  near  100°  C  lliis  is  termed 
the  "  saturation."  The  injection  of  carbonic  acid  is  continued  until  only 
slight  alkalinity  due  to  lime  remains.  In  determining  the  end  point, 
the  {ilkalinity  due  to  other  alkalis  than  lime  must  be  taken  into  account. 
The  usual  alkalinity  of  the  saturated  juice  due  to  lime  is  0.01  per  cent  or 
slightly  higher. 

In  a  few  factories,  the  second  is  followed  by  a  third  carbonation.  In 
this  event  a  higher  alkalinity  than  stated  must  be  left  in  the  second  car- 
bonation.  The  second  or  third  carbonation  is  very  often  followed  by 
saturation  with  the  sulphurous  acid  gaa,  derived  from  burning  sulphur. 
Sulphur  is  always  used  in  making  white  sugar.  In  this  case,  as  before, 
all  but  a  slight  trace  of  the  alkalinity  is  saturated. 

Should  too  much  lime  be  left  in  the  juice  from  the  last  carbonation, 
the  evaporation  will  be  sluggish  in  the  vacuum  pan,  and  the  "  strike  " 
may  even  not  progress  at  all.  To  avoid  this  difficulty,  either  the  last 
carbonation  of  the  juice  must  be  pushed  farther  or  the  thick  juice  (syrup) 
must  be  carbonated,  or  treated  with  sulphurous  acid.  If  the  syrup  is 
treated  with  carbonic  or  sulphurous  acid,  it  must  be  filtered.  These 
acids  are  sometimes  used  simultaneously  in  the  treatment  of 
juice. 

Filtration  through  presses  or  mechanical  filters  follows  each  carbona- 
tion and  the  sulphuring.  The  filtrate  flows  to  storage  tanks  preparatory 
to  its  concentration. 

The  chemical  reactions  involved  in  the  purification  of  the  juice  are 
complicated  and  not  fully  known. 

The  lime  neutralizes  the  organic  and  inorganic  acids  and  some  of  these 
are  precipitated,  notably  oxalic  and  phosphoric  acids;  albuminoid  mat- 
ters are  partly  coagulated  and  precipitated.  Many  organic  non-sugars, 
such  as  albumins,  amides,  amines  and  invertrsugar  are  decomposed; 
ammonia  from  the  nitrogenous  matter  and  the  alkalis  sodium  and  potas- 
sium are  set  free.  The  carbonate  of  calcium  mechamcally  carries  down  the 
flocculent  particles  and  much  of  the  coloring  matter.  A  little  saccharate 
of  lime  is  often  formed,  which  passes  into  the  filter  presscake. 

The  lime  forms  soluble  salts,  many  of  which  persist  throughout  the 
manufacture.  A  part  of  these  lime  salts  separates  during  the  concentra- 
tion of  the  juice  to  syrup,  forming  scale  on  the  heating  surfaces  of  the 
evaporators.     These  incrustations  consist  largely  of  calcium  carbonate, 
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oxalate  and  a  very  little  sulphate.  Iron  oxide,  alumina  and  silica  from 
the  limestone  are  also  deposited.  Considerable  oi^anic  nutter  also 
separates,  includit^  undecomposed  fat  and  oil  used  in  beatii^  down  foam. 
Dme  soaps  form  a  part  of  the  incrustationB.  Raw  beet  sugar  usually  has 
a  soapy  taste  and  odor.  On  opening  a  jar  of  white  beet  sugar,  a  soapy 
odor  may  sometimes  be  noticed. 

Evaporation,  Crystallization,  Purging  and  Curing  the  Sugar.  These 
processes  and  the  apparatus  used  are  practically  the  same  as  those 
employed  in  the  cane  sugar  industry  already  described. 

The  American  factories  usually  produce  granulated  sugar.  The  granu- 
lator  is  ^mply  a  dryer  so  arranged  that  the  crystals  of  sugar  are  separated 
from  one  another  during  the  progress  of  the  drying. 

The  granulator  is  a  long  sheet-iron  cylinder,  placed  in  a  nearly  horizon- 
tal position  and  arranged  so  that  it  can  be  revolved.  Narrow  defied^ 
plates  or  shelves  are  att^hed  to  the  inside  walls  of  the  cylinder  and  extend 
throughout  iis  length.  The  apparatus  is  inclined  slightly  toward  the  dis- 
chaige  end,  at  which  are  attached  wire  screens  for  sifting  the  sugar;  there 
is  also,  at  this  end,  a  small  room,  one  wall  of  which  is  formed  of  steam  coils. 
A  steam  drum  extends  from  end  to  end  of  the  dryer  at  its  axis.  At  the 
inlet  end  of  the  apparatus  there  is  a  suction  fan  to  draw  air  through  it  and 
a  hopper  for  feeding  in  the  moist  sugar.  There  are  several  types  of  dryers, 
but  all  depend  upon  the  same  principles. 

As  the  sugar  leaves  the  centrifugal  machiue  it  is  elevated  to  a  mixing 
floor.  It  is  here  thoroughly  mixed,  since  all  the  pans  of  sugar  and  all  the 
centrifugal  charges  are  not  of  uniform  color. 

The  sugar  is  next  fed  into  the  granulator  or  dryer,  through  which  a 
current  of  hot  air  is  drawn  by  the  suction  fan.  The  crystals  are  carried 
upward  by  the  revolving  cylinder  and  in  filing  from  the  shaves,  through 
the  heated  air,  are  separated  and  dried.  By  reason  of  the  inclination  of 
the  dryer  the  sugar  travels  to  the  discharge  end,  where  it  is  classified  by 
the  sieves  and  delivered  to  the  packing  spouts. 

The  yield  of  sugar  from  beets,  calculated  to  a  raw  sugar  basis,  has 
reached  as  high  an  average  as  17  per  cent  of  the  weight  oi  the  roots  in 
Germany  and  Austria.  The  yield  is  somewhat  smaller  in  the  other  Euro- 
pean countries. 

The  following  is  an  analysis  of  a  raw  beet  sugar:  Polarization,  94.74; 
ash,  1.12  per  cent;  moisture,  1.80  per  cent;  glucose,  none;  organic  non- 
sugar,  2.34  per  cent.  The  high  ash  content  as  compared  with  cane  sugar 
should  be  noted. 

Extraction  of  the  Sugar  from  the  Molasses.  In  the  treatment  of  the 
beet  juice  by  the  methods  described,  it  parts  with  many  of  its  impurities, 
yet  many  remain  to  impede  the  crystallization  and  cause  the  formation  of 
the  viscous  after-product,  molasses.  The  molasses  from  the  beet  has  an 
apparent  coefficient  of  purity  of  about  60°,  i.e.,  60  per  cent  of  its  ^parent  " 
solids  (degree  Brix)  is  sucrose.     As  may  be  noted  in  the  cane-sugar  part 
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of  this  chapter,  molasses  purities  below  30"  are  readily  obtained  with  cane. 
This  difference  is  due  to  the  nature  of  the  impurities  that  retard  cryatalliza- 
tion.  Beet  molasses  contains  about  50  per  cent  of  sucrose  and  but  a  trace 
or  no  dextrose  and  levulose  and  about  1 1  per  cent  mineral  matter,  a  large 
part  of  which  consists  of  melassigenic  sEdts.  Cuba-cane  molasses,  on  the 
contrary,  contains  much   dextrose  and  levulose,   about  25  per  cent  of 


-  •  Fio.  343.    Beet>6ugaT  Manufacture.    Procees  Diagram. 

sucrosei  by  direct  polarization,  and  upwards  of  9.0  per  cent  mineral 
matter.  Cane  molasses  obtained  by  modem  methods  of  manufacture  is 
not  usually  suitable  for  table  use  and  does  not  contain  sufficient  sugar  to 
justify  the  installation  and  operation  of  plants  for  the  removal  of  the 
sugar.  Beet  molasses  is  of  very  disagreeable  taste,  is  rich  in  sucrose, 
and  the  absence  of  dextrose  and  levulose  makes  the  extraction  of  the 
sugar  by  precipitation  quite  simple. 

D,uMZK;l;,V.OOglC 


890  INDUSTRIAL  CHEMISTRY 

Three  molasses  processes  are  now  in  practical  use,  viz.,  osmosis  and 
the  atrontium  and  calcium  saccharste  proceasee. 

The  Osmose  Process  is  now  little  used  in  the  European  factories,  and 
has  found  a  limited  application  in  this  country.  As  the  name  implies,  this 
is  a  dialytic  process. 

The  molasses  is  diluted  with  water  to  a  density  varying  with  its  value 
and  the  cost  of  manufacture,  and  is  usually  such  that  the  osmosed  molasses 
shall  flow  from  the  dialyzer  or  osmog^ne  at  a  density  of  about  35°  Brix. 

The  osmog^ne  has  somewhat  the  appearance  of  a  filter  jaesa,  and  con- 
msta  of  wooden  frames  separated  from  one  another  by  parchment  paper, 
thus  forming  shallow  chambers.  These  chambers  have  suitable  outlets  and 
inlets  for  water  and  molasses  so  arranged  that  these  liquids  shall  be  sep- 
arated from  one  another  by  the  parchment.  In  operating  the  osmog^ne, 
the  molasses  solution  is  heated  to  about  90°  C.  and  the  water  to  100°  C.  and 
these  both  are  circulated  through  the  apparatus.  The  operation  is  con- 
trolled by  the  density  of  the  outflowing  molasses  and  that  of  the  water 
charged  with  salts  and  some  sugar.  The  density  of  the  exosmose-water 
should  be  about  3  to  5°  Brix,  this  number  varying,  however,  with  com- 
mercial conditions. 

A  part  of  the  crystalloids  pass  through  the  parchment  into  the  water, 
including  some  sugar.  Since  much  of  the  mineral  matter  is  crystallizable, 
this  largely  passes  through  the  parchment,  and  the  saline  coefficient  of  the 
molasses  is  very  much  improved,  also  its  coefficient  of  purity.  The  rise 
in  purity  permits  an  additional  quantity  of  sugar  to  be  recovered  by  crys- 
talhzation.  There  Is  always  a  inotasses  residue  with  this  process.  OsmoEos 
is  sometimes  used  in  conjunction  with  a  saccharate  process.  The  waters 
are  usually  run  to  waste,  or  may  be  concentrated  and  a  part  of  the  potash 
salts  recovered  by  crystallization. 

Scheibler's  Strontium  Process.  This  process  is  used  in  Europe  and 
not  at  all  in  this  country.  The  lack  of  application  here  is  probably  due 
to  difficulty  in  obtaining  strontianite  and  to  conditions  favorable  to  the 
lime  and  oamo^s  processes. 

In  Scheibler's  strontium  process  the  actual  precipitation  and  removal 
of  the  sugar  are  readily  accomphshed,  but  the  necessity  of  recovering  the 
expensive  precipitant  makes  the  process  as  a  whole  somewhat  complicated. 

A  solution  of  strontium  hydrate  Is  heated  to  65°-70°  C.  and  then  suffi- 
cient molasses  of  this  temperature  to  form  dibasic  strontium  saccharate 
with  the  strontium  present  is  added  with  vigorous  stirring.  Tlie  heating 
is  continued  to  100°  C,  with  stirring.  The  dibasic  saccharate  of  strontium 
is  precipitated.  The  precipitate  is  collected  in  filters  and  washed  with  a 
strontia  solution.  The  saccharate  is  transferred  to  small  crystaUizers, 
where  it  is  cooled  to  5°-6''  C.  and  this  temperature  is  maintained  until  the 
strontium  hydrate  crystallizes,  leaving  the  sugar  in  a  solution  containing 
some  strontia.  The  crystals  are  removed  by  filtration,  washed  with  a 
cold  solution  of  the  hydrate,  and  then  serve  in  treating  another  lot  of 
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molasses.  .  The  combined  sugar  solution  and  the  washing  of  the  ciystals 
are  carbonat€d  for  the  precipitation  of  the  strontium.  After  filtration 
the  sugar  solution  is  mixed  with  beet  juice  in  the  factory  or  ie  concentrated 
alone  for  the  crystallization  of  its  sugar. 

The  mother  liquor  on  standing  deposits  a  large  part  of  its  strontia. 
The  residue  of  this,  after  decaatation,  is  carbonated.  The  carbonate 
precipitated  in  this  and  the  preceding  operations,  together  with  the  strontia 
from  the  mother  liquor,  are  formed  into  briquettes,  and  calcined  with  suffi- 
cient strontianite  to  compensate  for  the  losses.  After  calcination  the 
oxide  is  treated  with  water  and  the  resulting  very  pure  strontium  hy<lrate 
solution  is  decanted  from  the  sediment  and  the  salt  is  recovered  by  crys- 
tallization. 

The  following  chemical  reaction  is  involved  in  this  process: 

CiaH220n+2Sr(OH)2  =  Ci2HMOii-2SrO+2HaO. 

The  monobasic  saccharate,  C12H22O1 1  •  SrO,  was  also  used  by  Scheibler 
in  one  of  his  processes.  There  have  been  many  modifications  of  his 
strontium  processes,  but  in  general  these  relate  to  the  machinery  and  the 
methods  of  recovering  the  strontia. 

Steffen's  Lime  Process.  This  method  known  as  the  "  separation  proc- 
ess," in  which  the  sugar  is  precipitated  as  a  tribasic  lime  saccharate,  is 
the  only  one  involving  precipitation  in  use  in  this  country.  StefFen 
devised  other  lime  processes,  but  this  is  the  only  one  in  extensive  use. 

Steffen's  separation  process  depends  upon  the  precipitation  of  a  granu- 
lar or  crystalline  saccharate.  He  discovered  that  such  a  precipitate  is 
formed  in  the  cold.  The  application  of  thb  process  therefore  involves  the 
use  of  refrigerating  apparatus  except  where  conducted  in  winter  in  cold 
climates. 

The  precipitant  is  freshly  burned  quicklime  ground  to  an  impalpable 
powder.  The  molasses  is  diluted  to  about  12°  Brix  or  6  to  7  per  cent 
sucrose  content  in  a  round  mixer,  fitted  with  coohng  pipes,  mixing  arms, 
thermometer,  test  cocks,  and  a  measuring  device  for  the  lime.  The 
solution  is  cooled  to  below  15"  C.  and  then  small  measured  quantities 
of  lime  are  added  to  it  at  intervals  or  are  dusted-in,  with  very  vigorous 
stirring,  the  temperature  being  kept  under  control  and  below  15°  C. 
The  temperature  must  be  lowered  after  each  addition  of  lime  or  with 
continuous  addition  of  lime;  if  it  rises  excessively  the  rate  of  adding  lime 
must  be  reduced.  Aft«r  sufficient  lime  has  been  added  to  precipitate 
the  sugar,  with  an  excess  to  provide  for  that  hydrated,  as  is  noted  by  thp 
density  of  the  mother  liquor  obtained  by  filtering  a  test  sample,  the  con- 
tents of  the  mixer  are  pumped  into  filter  presses,  where  the  precipitate 
is  collected  and  washed  with  cold  water.  The  wash  water,  which  carries 
a  little  saccharate,  is  used  in  diluting  subsequent  portions  of  molasses. 
The  filtrate  or  mother  liquor  is  treated  as  described  below. 
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The  precipitate  waa  at  first  thought  to  be  tribasic  saccharate  of  calcium 
CiaHaaOi  i  ■  3CaO.  The  exact  compoeition  is  apparently  unknown.' 
When  the  writer  visited  the  works  at  Elisdorf,  Germany,  to  report  on  this 
process  to  the  U.  S.  Department  of  Agriculture  ^  he  was  informed  by  the 
chemist  that  the  washed  precipitate  contains  from  97  to  98  per  cent  of 
CiaHsjOu'SCaO  and  that  an  average  of  93.4  lbs.  of  properly  prepared 
lime  powder  is  requu-ed  per  100  lbs.  sucrose  in  the  molasses.  The  quan- 
tity of  lime  used  depends  upon  its  quality,  fineness  of  the  powder,  and  the 
temperature  maintained  in  the  molasses  solution.  A  too  high  temperature, 
coarse  powder  or  too  rapid  addition  of  the  lime,  cause  the  latter  to  hydrate 
in  part.    Some  hydration  of  the  lime  cannot  be  avoided. 

The  mother  liquor  from  which  the  tribasic  saccharate  has  been  removed 
contains  soluble  saccharates  (mono-  and  dibasic)  which  decompose  on 
heating  with  precipitation  <^  tribasic  saccharate.  This  solution  is  heated 
and  the  resulting  saccharate  is  collected  and  washed  in  filter  presses.  The 
filtrate  containing  some  sucrose  and  nearly  all  of  the  impurities  of  the 
molasses  is  run  to  waste.  The  saccharate  obtained  in  the  first  predpib^ 
tion  ("  cold  cake  ")  and  that  from  the  mother  hquor  ("  hot  cake  ")  are 
mixed  and  diuntegrated  with  water  and  reduced  to  a  cream.  This  cream 
is  used  in  liming  juice  for  the  carbonation.  Prior  to  such  use,  it  must  be 
heated  to  near  the  boiling-pcunt,  otherwise  the  carbonate  precipitates 
upon  and  occludes  particles  of  the  saccharate.  Such  particles  would 
appear  in  the  pressoake  and  sucrose  would  be  lost. 

If  the  factory  treats  only  its  own  molasses  product,  additional  lime  is 
necessary  for  the  juice.  When  the  quantity  of  saccharate  is  in  excess  <^ 
that  required  to  supply  the  lime  for  the  carbonation,  the  surplus  is  added  to 
a  large  proportion  of  hot  beet  juice  and  ia  filter-pressed,  or  itmay  be  broken 
up  in  hot  water.  Two-thirds  of  the  lime  is  removed  by  this  treatment,  and 
the  filtrate  may  be  used  in  part  in  diluting  molasses  or  it  may  be'carbonated, 
filtered  and  the  filtrate  concentrated  for  the  crystallization  of  the  sugar. 

Sugars  obtained  by  a  saccharate  process  usually  contain  notable  pro- 
portions of  raffinose,  and  the  peculiar  shape  of  the  crystals  often  obserred 
ia  attributed  to  this  sugar.  It  was  at  first  thought  that  the  raffinose  was 
due  to  decompositions,  but  it  is  now  known  that  it  is  derived  directly 
from  the  beet  itself. 

Residual  Molasses  from  the  Cane  and  Beet  Except  where  a  sac- 
charate process  is  used  there  is  always  a  residual  molasses  from  the  beet. 
Cane-tugar  factories  always  produce  a  final  molasses,  the  average  quantity 
of  which  is  alwut  4  to.6  gallons  per  ton  of  cane  in  tropical  factories  making 
raw  sugar.  Cane  molasses  is  utilized  in  rum  and  alcohol  manufactiure 
and  in  stock  feeding.  Beet  molasses  is  also  used  in  feeding  and  in  malting 
alcohol.    The  residue  from  the  distilleries  of  Europe  is  concentrated  and 

'  "  Beet  Sugar  Manufacture,"  CloaaseD,  Hall  and  Rolfe's  translation,  p.  213;  "  Beet 
Sugar  Manufacture  and  Refining,"  Ware,  Vol.  II,  p.  491. 
'  Bui.  6  CbetD.  Div.  U.  S.  Dq>t.  Agric. 
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the  organic  matter  is  burned,  leaving  an  ash  very  rich  in  potash.  Sul- 
phuric acid  is  added  to  the  mass  before  burning  to  reduce  the  loss  of  the 
nitn^en.    The  ash  is  used  as  a  fertiliser. 

Cane  molasses  of  good  color  from  the  manufacture  of  white  and  high- 
grade  yellow  sugars  is  used  in  the  baking  industry  and  as  a  table  syrup. 

There  are  many  small  industries  in  which  molaases  is  utilized. 

SnaAR  Refining' 

Raw  Material.  Most  cane-sugar  factories  make  raw  sugar  testing 
from  95°  to  98°  by  the  polanscope  and  known  commercially  as  96° 
"  centrifugal  sugar."  The  Cuban  product  usually  polarizes  approx- 
imately 96°  and  that  of  Java  and  the  Hawaiian  Islands  up  to  98°. 
Many  factories  make  a  lower  grade  of  sugar,  a  soft  sugar  crystallized  at 
rest  in  tanks  and  testing  about  87°  and  often  tower.  The  market  basis 
for  these  sugars  is  96°  and  89°  respectively.  There  is  an  addition  to  the 
price  for  testa  above  and  a  deduction  for  those  below  these  numbers.  The 
increment  of  price  per  degree  above  these  numbers  is  smaller  than  the 
deduction  for  those  below.  Similarly  the  price  pMd  for  the  sucrose  in 
an  89°  sugar  is  less  than  that  for  the  sucrose  in  a  96°  sugar.  These  market 
conditions  discourage  the  production  of  sugars  much  below  96°.  Of 
the  sugars  imported  into  New  York  probably  over  80  per  cent  test 
above  95°, 

A  few  very  small  cane-sugar  factories  do  not  use  vacuum  apparatus, 
but  concentrate  the  juice  in  open  pans  until  it  is  saturated  with  sugar 
and  then  run  it  into  coolers  to  crystallize.  This  produces  a  grade  of  raw 
sugar  termed  "  muscovado."  This  name  is  also  applied  to  certain  other 
grades  in  Java. 

The  refining  grades  of  beet-sugar  are  similar  in  appearance  to  the  cor- 
responding cane  sugars,  but  have  a  disagreeable  soapy  odor  and  taste. 
These  sugars  are  high  in  ash.  The  buyers  make  an  arbitrary  deduction 
from  the  direct  polarization  of  beet-augar  to  ascertain  the  "  analysb  " 
or  "  titrage  "  upon  which  the  price  is  based.  The  "  analysis  "  is  assumed 
to  be  the  refining  value  of  the  sugar.  It  is  usually  determined  by  deduct- 
ing five  times  the  percentage  of  ash  from  the  polarization, 

A  small  proportion  of  very  low-grade  sugar,  made  from  a  palm  and 
from  cane  in  a  crude  way,  reaches  the  refineries.  Much  of  this  is  con- 
crete or  juice  evaporated  to  such  consistency  that  it  solidifies  on 
cooling. 

The  average  test  of  the  sugars  entering  an  American  refinery  of  the 
Atlantic  Coast  is  usually  between  93"  and  95°,  the  test  varying  with  the 
refinery  and  the  market  conditions. 

The  invention  of  the  mingUng  process,  described  in  the  next  paragraph, 

<  Tbe  writer  is  indebted  to  Mr.  George  P.  Meade,  Superintendent  or  the  Cardenas 
Refinery,  Cuba,  for  revising  the  proof  of  this  section  and  for  many  suggeBtions. 
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has  greatly  facilitated  the  simultaneous  refining  of  various  grades  of  raw 
sugars,  notably  both  beet^  and  cane-sugars.  This  is  accomplished  by 
separating  the  melt  into  a  high  purity  hquor  and  a  syrup  which  cairies 
the  larger  part  of  the  impurities. 


J  Sugaf  I 
\  Dump  I 
fi>-ess 
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Fio.  344. — Sugar  Refining.    Proceas  Diagram. 

Mingling,  Washing  and  Defecating.  The  raw  sugar  is  carried  by 
elevators  to  mingling  machines  which  mix  it  with  syrup  and  form  a 
magma.  This  permits  spinning  the  sugar  in  a  centrifugal  precisely  aa 
though  it  were  a  massecuite  and  thoroughly  washing  the  crystals  This 
station  is  termed  the  "  wash  plant."     The  washed  sugar  is  melted  with 
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water  to  form  a  liquor  of  about  60°  Brix,  and  a  coeffident  of  purity  of 
about  98.5°  to  99°.  The  waebingB  or  syrup  are  used  in  part  in  milling 
raw  sugar  for  subsequent  magmas  and  the  remainder  is  pumped  to  the 
I  defecators  or  "  blow-ups."  The  blow-ups  are  provided  with  perforated 
pipes  through  which  steam  is  blown  into  the  liquors. 

Sufficient  milk  of  lime  is  added  in  the  blow-up  to  render  the  solutions 
strongly  alkaline  and  then  the  alkalinity  is  neutralized  with  monocalcic 
phosphate  solution  or  phosphoric  acid.  The  reagents  are  used  in  suf- 
ficient quantity  to  produce  a  large  precipitate  that  separates  sharply  from 
the  solution.  The  filtration  is  a  guide  to  the  quantity  of  lime  to  be  used. 
After  the  addition  of  the  reagents  the  liquor  is  heated  in  the  blow-up 
to  a  temperature  of  approximately  82°  C. 

The  refineries  often  pre[mre  the  monocalcic  phopshate  used  in  the 
defecation  by  treating  bone-black  dust  with  hydrochloric  acid  or  the  phos- 
phoric acid  from  dust  and  sulphuric  acid. 

Bag  Filtration.  The  warm  liquor  obtained  as  above  is  run  into  bi^  or 
Taylor  filters.  These  filters  consist  of  a  large  number  of  heavy  twilled 
cotton  cloth  ha^  about  six  feet  long.  These  ba^  are  attached  to  nozzles 
or  "  bottles  "  and  suspended  in  a  cast-iron  chamber.  A  cotton  sleeve 
of  smaller  diameter  is  placed  over  each  bag.  This  causes  the  bag  to  so 
arrange  itself  as  to  give  the  effect  of  a  fluted  filter. 

The  flocculent  precipitate  from  the  defecation  consisting  of  tricalcic 
phosphate,  organic  lime  salts,  gums,  etc.,  and  carbon  from  the  bone- 
black  dust,  are  retained  in  the  bags  and  a  brilliant  filtrate  flows  from  them. 

The  predpitate  or  "  mud  "  is  first  washed  with  hot  water  while  it  is 
still  in  the  bags  to  partly  free  it  of  sugar.  After  this  preliminary  washing 
the  bags  are  taken  from  the  chamber,  the  mud  is  removed  and  they  are 
given  a  thorough  and  systematic  washing  in  a  series  of  tubs.  The  bags 
are  passed  through  a  wringer  on  their  way  from  tub  to  tub.  The  mud 
and  "  mud  watei "  are  filter-pressed  and  the  filtrate  is  evaporated  with 
other  "  sweet  water  "  to  a  syrup  in  a  multiple  effect  evaporator.  The 
"  thin  wash-water  "  from  the  bag  filters  and  the  wa^ngs  from  the  raw 
sugar  packages  are  evaporated  with  the  press  filtrate.  Some  refineries 
use  a  part  of  these  sweet  waters  in  melting  washed  sugar.  It  is  con- 
ffldered  better  practice  to  follow  the  procedure  described.  About  fifteen 
hoius  are  required  to  fill  the  bags  with  mud.  Sweetland  presses  are  being 
substituted  in  part  in  many  refineries  for  the  Taylor  filters  and  for  filter 
presses.    Lime  and  kieselguhr  only  are  then  used  in  the  defecation. 

Char  ^tration.  Animal  charcoal,  bone-black  or  "  char "  filters 
are  cylindrical  iron  cisterns  about  10  feet  in  diameter  and  20  feet  deep. 
These  are  filled  with  bone  charcoal.     The  char  is  described  farther  on. 

High-grade  bag-filtered  sugar  liquor,  heated  to  about  71°  C,  is  passed 
over  the  char  and  is  followed  successively  and  systematically  by  granulated 
syrup,  i.e.,  the  run-o£F  syrup  obtained  in  pui^ng  sugar  to  form  the  "  granu- 
lated "  grade,  washii^  and  other  low-grade  solutions.     In  making  "  soft 
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white  "  sugars,  the  liquors  are  filtered  in  succession  throu^  three  filters 
of  char.  The  liquors  flowing  from  the  char  are  separated  into  grades 
according  to  their  color  and  test.  These  grades  are  considered  in  the 
vacuum-pan  worlc. 

When  the  char  no  longer  decolorizes  the  solutions  properly,  the  sugar  is 
washed  from  it  with  hot  water  and  is  largely  recovered.  When  the  purity 
coefficient  of  the  washings  falls  too  low  to  admit  of  profitable  treatment 
for  the  recovery  of  the  sugar,  the  water  is  run  to  waste.  The  rich  wash- 
ings are  concentrated  with  other  sweet  water. 

The  wet  char  is  discharged  from  the  filters  and  is  dried  with  the  heat 
of  the  kilns  that  would  otherwise  l>e  wasted.  The  dried  char  is  heated 
or  "  burned  "  at  a  dull  red  heat  in  tubular  retorts  in  kilns  with  exclusion 
of  air  from  the  retort.  This  process  is  termed  the  '*  revivification." 
The  organic  impurities  of  the  sugars  t^at  have  been  absorbed  during 
the  filtration  are  burned  and  the  char  is  returned  to  filter  service  in  prac- 
tically as  good  condition  as  before  use.  The  char  may  be  used  over  and 
over  again  a  great  many  times,  a  revivification  followiiig  each  use.  The 
dust  is  removed  by  screening  and  must  be  c(Mnpen3ated  for  by  the  addi- 
tion of  from  25  to  50  per  cent  of  new  bone-black  annually.  About  50  to 
60  hours  are  required  for  a  complete  cycle  of  filter  operations. 

The  comporation  <A  an  American  bone-black  is  approximately  as 
follows:  Tricaldc  phosphate,  S3  per  cent;  carbon,  10  per  cent;  calcium  - 
carbonate,  4  per  cent;  calcium  sulphate,  0.5  per  c6nt;  iron,  calcium 
sulphide,  nitrogen  and  silica  in  small  quantities.  The  greater  part  of 
the  char  will  pass  through  a  16-mesh  screen  and  be  retuned  by  one  of  30 
meshes. 

The  filtration  of  sugar  solutions  through  animal  charcoal  is  primarily 
for  tiie  purpose  of  removii^  their  color.  The  char  has  the  further  property 
of  absorbii^  much  of  the  non-sugar  of  the  raw  material  and  thus  promotes 
the  crystallization  of  the  sugar.  A  good  char  will  absorb  85  per  cent 
of  the  coloring  matter,  33  per  cent  of  the  inorganic  matter  and  50  per  cent 
of  the  organic  non-eucrose  contained  in  the  raw  sugar  solution  filtered 
through  it. 

It  may  be  seen  from  these  descriptions  that  the  char  filter  station  is  one 
that  requires  skill  and  a  thorough  control  in  its  conduct.  Errors  of 
judgment  here  may  result  in  an  inferior  product  and  a  loss  of  sugar. 

Crystallization  and  Curing  the  Sugar.  Before  considering  this  stage 
of  the  refining  a  few  definitions  are  neceaoary:  Refiners  term  a  solution 
from  which  no  sugar  has  been  removed  a  "  liquor,"  and  one  from  which 
sugar  has  been  extracted  a  "syrup,"  The  "syrup"  of  the  raw  sugar 
factory  corresponds  to  the  Equor  of  the  refinery  and  the  "  molasses  "  erf 
the  factory  to  the  syrup  of  the  refinery. 

The  crystallization  of  the  sugar  is  accomplished  in  vacuum  pans  in 
general  as  described  in  the  raw-sugar  section  oi  this  chapter.  The  liquors 
have  a  very  high  initial  purity  as  compared  withn  the  factory  syrup  and 
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therefore  require  repeated  cryataUisatioD  to  sufficiently  impoverish  tite 
final  or  barrel  syrup.  The  cryatab  are  formed  at  a  high  temperature  in 
boiling  hard  sugars  such  as  granulated,  usually  above  77°  C.  This 
temperature  is  maintained  long  enough  to  produce  sharp,  clean  crystals. 
In  boiling  8(tft  sugars,  on  the  contrary,  a  low  pan  temperature  and  very 
white  liquors  are  essential.  A  comparatively  dark-colored  Uquor  will 
yield  white  sugar  if  the  crystallization  is  conducted  at  a  high  temperature, 
since  the  crystal  will  be  hard  and  abswb  Uttle  coloring  matter  from  the 
syrup. 

The  high-grade  white  liquor  is  boiled  to  make  granulated  si^ar,  the 
syrups  from  this  being  reboiled  with  more  liquor  to  make  the  same  grade 
<^  sugar  as  many  times  as  the  color  will  permit.  When  the  color  is  too 
dark,  the  ^rup  is  refiltered  through  bone-black  and,  joined  with  char- 
filtered  raw  sugar  washings,  is  reboiled  to  make  "  off-color  granulated  " 
sugar.  The  syrups  from  these  last  boilings  are  reboiled  to  make  a  raw 
sugar  termed  "  high  remelt  "  and  the  syrup  from  this  last  sugar,  t(%etber 
with  the  dark-colored  liquors  from  the  last  runnings  of  the  char  filteis,  is 
reboiled  to  make  "  low  remelt  "  raw  sugar.  The  crystallization  of  the 
low  remelt  sugar  is  completed  in  crystallizers  as  in  raw-sugar  manufacture. 

The  methods  of  pan  boiling  as  above  described  are  typical  of  a  refinery 
making  only  hard  white  sugars.  Where  soft  white  and  yellow  sugars 
are  to  be  made,  the  aim  is  to  produce  a  product  of  low  polarization  and 
good  color  by  combining  suitable,  liquors  and  syrups  and  usually  boiling 
the  pans  at  low  temperatures. 

The  sugars  are  pui^ed  of  syrup  in  centrifugal  machtues.  The  sub- 
sequent stages  of  manufacture  depend  upon  the  grade  of  sugar  that  is 
required.  Granulated  sugar  is  cured  as  has  been  described  for  beet  sugar, 
by  drying  and  separating  the  crystals  in  a  granulator  or  dryer.  Cube 
sugar  is  made  by  molding  the  moist  sugar  under  pressure  and  then  dry- 
ing it  in  an  oven.  The  yellow  and  soft  white  sugars  are  packed  while 
moist,  as  they  leave  the  centrifugals.  Powdered  sugar  is  obtained  by 
grinding  very  coarse  granulated  sugar  and  bolting  it  through  silk  bolt- 
ing cloth.  Loaf  sugar  and  tablets  are  cut  or  broken  from  loaves  and  slabs 
molded  from  a  magma  of  white  sugar  and  high-grade  white  liquor. 

There  is  a  very  large  number  of  grades  of  refined  sugar,  the  classifica- 
tibn  depending  upon  color,  grain,  etc. 

Barrel  Syrup.  The  residual  syrup  of  the  refineries,  if  of  good  color, 
is  sold  as  barrel  syrup  for  bakii^  and  table  use.  If  of  inferior  quality 
it  is  marketed  for  the  same  purpose  as  the  low-grade  molasses  of  the  raw- 
sugar  factories.  The  syrup  is  sometimes  filtered  throu^  bone-black 
to  better  fit  it  for  table  and  bakery  usee. 
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STARCH,  GLUCOSE,  DEXTRIN  AND  GLUTEN 

G.  W.  ROLFE 

Conmlting  Chemist,  formerly  at  Mcuaachuaetti  Instituie  of  Ttdtnology,  Boston,  Mats. 

Starch  and  Starch  Granules.  Starch  is  widely  distributed '  in  the 
tissues  of  the  higher  plants,  and  makes  up  the  latter  part  of  the  solids  of 
grains  and  tubers.  When  pure,  it  is  a  fine  white  powder  having  a  density 
of  1.6  and  at  ordinary  temperature  is  quite  insoluble  za  water,  alcohol, 
ether,  or  other  common  solvents.  Under  the  microscope,  starch  appears 
as  minute,  white,  translucent  grains  varying  much  in  size  and  shape, 
but  BO  characteristic  that  it  is  usually  comparatively  easy  to  determine 
their  botanic  origin.  Morphologically,  starch  granules  can  be  divided  into 
the  following  groups: 

1.  Large  oval  granules,  showing  concentric  rings  and  a  nucleus  or 
hilum,  placed  eccentrically,  such  as  the  various  arrowroot  and  potato 
starches,  the  potato  group. 

2.  Round  or  oval  granules  usually  showing  the  concentric  rings  and 
having  the  hilum  irregular,  as  those  from  peas,  beans  and  lentils,  the 
so-called  leguminous  alarches. 

3.  Round  or  oval  granules  showing  hilmn  in  centre.  This  includes 
starches  from  wheat,  barley,  rye,  acorns  and  many  medicinal  plants,  the 
so-called  wheat  group. 

4.  Granules  truncated  at  one  end,  such  as  sago,  tapioca  and  cinnsuKHl 
starches,  the  so-called  sago  group. 

5.  Small  angular  grains,  often  polj^nal,  such  as  nuaze,  rice,  buck* 
wheat  and  pepper  starches,  the  so-called  rice  group. 

The  size  of  these  granules  shows  great  variation  in  different  stcuvhes, 
being  from  0.005  to  0.16  mm.  or  more. 

The  structure  of  the  starch  granule  is  quite  complex  but  from  the 
viewpoint  of  the  chemist  it  can  be  conMdered  as  composed  of  a  colloidal 
substance,  granvlote,  enclosed  in  an  envelope  of  a  more  condensed  sub- 
stance of  similar  composition,  farinose  or  starch  cellvloae,  the  latter  making 
about  2  per  cent  of  the  substance  of  the  granule. 

If  starch  is  heated  to  about  70°  C,  the  exact  point  varyii^  someirtiat 
according  to  its  nature  and  origin,  it  pastes  or  swells  up  into  a  pasty  jelly, 
the  viscosity  of  which  also  varies  much  in  different  starchee.    The  micro- 
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scope  shows  this  to  be  due  to  the  granulose  swelling  through  absorption 
of  water,  and  bursting  the  granule.  The  granules  can  be  gradually 
ruptured  mechanically  by  grinding  starch  with  sharp  sand  or  in  similar 
ways,  or  the  "  cellulose  "  can  be  removed  by  chemical  regeants  auch  as 
dilute  solution  of  caustic  alkalies  or  zinc  chloride,  when  pasting  occurs 
readily  in  cold  water. 

Clftsdfication.  Conmiercial  starches  are  classified  according  to  their 
pasting  characteristics  into  thick-  and  IhinrboUing.  The  old-fashioned 
laundry  wheat-starch  is  typical  of  the  first  class  as  a  5  per  cent  *ater 
mixture  pastes  into  a  thin  translucent  syrup,  scarcely  gelatinous  at  boil- 
ir^  temperature.  Com  starch,  such  as  sold  for  food,  when  mixed  with 
boiling  water  in  the  above  proportion,  forms  a  practically  non-fluid  paste 
and  is  characteristic  of  a  tkick-boUing  starch.  It  is  now  known  that  these 
variations  in  pasting  properties  of  starch  of  different  kinds  are  lai^ly 
dependent  on  the  conditions  of  manufacture  and  that  thick-boiling 
starches  can  be  made  thin-boiling  by  suitable  treatment. 

These  properties  as  well  as  the  degree  of  gelatinization  of  the  cold 
paste  are  of  great  importance  in  preparing  starches  for  certain  tradeo. 
In  laundry  work  and  the  textale  manufactures,  for  instance,  the  demand 
for  a  paste  thin  enough  to  penetrate  the  fabric  when  hot  without  coating 
the  surface  and  at  the  same  time  with  body  enough  to  give  the  requisite 
stiffness  make  certain  types  of  thin-boiling  starches  highly  desirable. 
Thin-boiling  starches  are  also  used  extensively  in  confectionery.  In 
other  industries,  as  in  paper  box  making,  and  in  certain  lines  of  textile 
wo.-k  thick-boiUng  starches  are  required. 

Sources,  Notwithstanding  the  great  variety  and  wide  distribution, 
there  are  comparatively  few  sources  of  commercial  starch.  By  far  the 
greatest  amount  manufactured  in  the  United  States  is  made  from  Indian 
com  (maize)  which  averages  about  55  per  cent  starch  and  of  which  about 
40,000,000  bushels  are  consumed  annually  in  the  manufacture  of  com- 
mercial starches  and  derived  products.  Considerable  potato  starch  is 
also  made  in  this  country  as  well  as  some  wheat  starch,  the  latter  beii^ 
prepared  from  fiour.  Tapioca  and  sago  starches  are  imported  to  some 
extent  from  the  far  East,  the  latter  used  particularly  in  the  manufactiu^ 
of  envelope  gums.  Cassava  starch  from  Florida  and  the  West  Indies 
has  a  limited  use,  and  is  noted  for  the  body  of  its  paste. 

Method  of  Manufacture.  The  general  principles  of  starch  manu- 
facture are:  (1)  Disintegrating  the  plant  tissue  in  such  a  way  that  the 
starch  grains  are  set  free  but  not  ruptm^d.  (2)  Separatit^  the  gluten 
by  diluting  with  water  the  disintegrated  mixture  which  has  previously 
been  treated  with  chemicals,  or  subjected  to  ferment-etion,  and  then  settling 
out  the  heavy  starch  by  subsidence.  (3)  Washing  the  starch  by  agitating 
with  water  in  tanks,  "  running  "  or  decantation.  (4)  Recovery  of  the 
starch  by  draining  in  cloth-bott<Hn  draining  boxes  or  in  deep  frame 
filter-presses.     (5)  Drying  the  starch  in  kilns. 
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Ordinary  No.  4  com  which  is  commonly  used  in  the  manufacture  of 
commercial  com  starch  and  its  allied  products  has  according  to  Archbold, 
the  following  composition : 

Per  Cent" 

Water 11  60 

Ash 1.52 

Oil .6.20 

Starch 64.80 

Other  carlwhydrates 14.33 

Fiber 2.09 

Protein 10.46 

The  com  is  shoveled  from  the  railroad  cars  into  cfrnve^ors  from  which 
it  is  spouted  Into  the  eteep  tvba,  which  axe  large  wooden  vats  containing 
about  2000  bushels.  Here  it  is  soaked  from  two  to  four  days  in  warm 
water  contwning  about  0.2  per  cent  of  sulphurous  acid.  The  water 
is  circulated  through  the  com  and  by  means  of  an  adjoining  heating  tank 
is  kept  at  a  temperature  of  50"  C  (120°  F).  The  sidphurouB  acid  seema 
to  have  a  softening  effect  on  the  glutaoous  parts  of  the  kernel  and  at  the 
same  time  prevents  undesirable  fermentative  changes.  When  the  gnun 
ia  thoroughly  softened  by  the  steeping  so  that  the  contents  of  the  kernel 
can  be  readily  disintegrated  by  moderate  pressure,  it  is  usually  passed 
through  a  Fuss  mill.  This  mill  (see  Figs.  3  and  4)  in  its  essentifds 
consista  of  two  parallel  vertical  plates,  rapidly  revolving  in  oppoate  direo- 
tiona  and  carrying  studs  which  project  between  each  other.  The  com 
droppii^  between  these  plates  is  thoroughly,  although  not  finely  broken 
up.  The  tough,  rubbery  germ  at  the  apex  of  the  kemel  which  cont^DS 
practically  all  of  the  oil,  over  30  per  cent  of  its  weight,  passes  out  entire, 
and  is  separated  from  the  rest  of  the  grain  by  passing  the  mass,  mixed 
with  an  appropriate  amount  of  water,  through  germ-aeparaiors,  which  are 
tanks  containing  agitators  so  constructed  that  the  movement  brings  the 
germs  to  the  surface  where  they  are  removed  by  an  appropriately  placed 
E^ut  and  sieves,  the  heavier  parts  of  the  grain  passing  o£F  below.  The 
germs  are  drained  and  washed  from  adhering  starchy  liquor,  dried,  ground 
and  the  oil  pressed  out  of  the  warm  mass  by  means  of  oil-presses  of  the 
usual  construction.  This  oil  is  used  principally  for  soap  making  and  for 
the  manufacture  of  a  vulcanized  product  and  in  rubber  making,  althou^  it 
can  be  applied  to  most  purposes  to'  which  a  semi-drying  <»1  can  be  put. 
The  remuning  oil  cake  is  an  excellent  cattle  food.'  It  is  ground  into 
meal  or  shipped  in  the  ori^nal  cake,  the  latter,  omng  to  its  compactneas 
and  unalterability,  being  particularly  adapted  for  export.  The  remwi- 
ing  dimnt^rated  grain  is  mixed  with  water  (liquor,  from  the  separators), 
reground  in  a  buhr-stone  mill  (Fig.  7),  and  the  semi-liquid  mass  passed 

1  GompoBitioD  of  oil  cake;  mokture,  10  per  cent;  protein,  22  per  aent;  starcl^ 
18  per  cent;  oil,  11  per  cent;  fiber,  10  per  cent;  uh,  1.80  per  cent. 
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over  the  ekakera,  iDclined  bolting^cloth  aieves  of  about  200  mesh,  mounted 
iu  a  shaking  apparatus.  The  starch  with  most  of  the  ^uten  is  washed 
through  the  bolting-cloth  by  jets  of  water  or  starch  liquor,  while  the  woody 
portions  fall  off  the  lower  end  of  the  sieve.  This  process  is  usually  repeated 
two  or  three  times,  the  bran  after  each  shaking  being  passed  through  roller 
mills  such  as  are  liaed  for  grinding  flour.  The  bran  or  "  wet  feed  "  is  finally 
passed  through  tJie  dop  machine  which  wrings  out  the  enclosed  liquor 
and  is  either  sold  for  cattle  feed  in  this  moist  state  or  it  may  be  dried, 
being  often  nuxed  with  the  ^uten  meal. 

The  starch  and  gluten  liquor  from  the  shakers  is  agitated  in  tanks 
to  keep  the  starch  in  suspension,  and  its  density  adjusted  to  4r-6°  B£. 
It  is  then  passed  over  the  runs  or  lablea,  which  are  practically  level,  the 
incline  being  usually  only  about  4  ins.  for  troughs  120  ft.  long  and  2  ft. 
wide.  As  the  liquid  slowly  Sows  down  the  run,  the  heavy  starch  granules, 
rolling  over  each  other,  are  practically  freed  from  the  adherent  coagulated 
part  of  the  gluten  and  are  deposited  upon  the  bottom,  the  gluten  being 
carried  off  tiie  end  of  the  trough.  Men  with  wooden  paddles  keep  the 
surface  of  the  deposited  starch  smooth  to  prevent  loss  of  the  starch 
through  any  cutting  action  that  might  be  caused  by  irr^ular  depositing 
or  accidental  obstruction.' 

The  deposited  starch  which  extends  in  a  layer  of  about  1  ft.  thick 
at  the  upper  end  of  the  run  to  practically  nothing  at  the  foot  of  the  run 
is  shoveled  out  of  the  troughs  into  cars  running  tm  a  track  over  the  top 
of  the  trou^  and  is  then  dumped  into  the  hreakera.  The  breakers  are 
tanks  provided  with  revolving  agitators,  by  means  of  which  the  starch 
may  be  mixed  to  a  thick  cream  with  water  and  washed  once  or  twice  by 
decantation  according  to  the  quality  dedred,  or  it  may  be  purified  by 
revolving  f^ain  on  the  tables. 

The  gluten  liquors  from  the  tables  always  contain  considerable 
starch  which  cannot  be  recovered  as  ctmmerci^  starch.  Hie  liquors, 
therefore,  are  settled  to  remove  the  etceea  of  water  and  the  reeidue  passed 
through  filter-presses,  the  cake  thus  formed  being  dried,  ground,  and  sold 
as  gluten  meal.    According  to  Kaufmann  it  has  the  following  compodtion: 

Percent 

Moisture 9.74 

Protein 31.20 

Fat 2.35 

Carbohydrate 54.67 

Fiber 1.44 

Ash 0.60 

This  gluten  meal  is  often  mixed  with  com  bran  to  form  gl^tien  feed. 
The  starch  milk  is  either  run  into  molding  boxes,  wooden  frames  with 
cloth  bottoms,  to  drain  off  the  water,  or  filter-presses  with  deep  frames 
are  used. 

>  ReceDtly,  mechanical  devices,  rollers,  have  been  used  for  this  purpose. 
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Drying  Methods.  The  starch  ia  either  dried  in  trays  forming  pearl 
starch,  or  boxed,  packed  tightly  in  pai>er-lined  boxes,  and  then  the  partially 
dried  cake  transferred  to  the  drying  kiln.  The  kilns  are  of  various  designs. 
Some  are  in  the  form  of  wooden  tunnels  through  which  the  cars  contain- 
ii^  the  starch  are  pushed  along  by  the  cars  of  wet  starch  entering  at  one 
end,  the  cars  of  dry  starch  being  taken  out  at  the  other.  The  temperature 
varies  considerably  at  different  parts  of  the  kiln  and  depends  on  local 
factory  practice,  160-180"  F.  being  the  customary  temperature  for  pearl 
starch,  the  drying  taking  eighteen  or  twenty  hours.  Lump  starch  which 
is  boxed  is  allowed  to  dry  partially  at  a  much  lower  heat,  the  blocks  turned 
out  of  the  frames  being  placed  on  shelves  in  a  kiln  the  temperature  of  which 
is  about  130°  F.  A  yellowish  crust  which  is  about  J  in.  thick  forms  on 
the  outside  of  the  blocks;  this  is  removed  and  the  mass  of  clean,  white 
starch  again  returned  to  the  kiln  where  it  is  dried  for  several  days  at  a 
temperature  of  about  160°  F.  During  thb  drying  the  lumps  split  up  into 
miniature  basaltic-like  masses  technically  known  as  crystals.  The  sice 
of  the  crystals  can  be  regulated  by  the  temperature;  a  low  heat  giving 
larger  and  more  irregular  lumps. 

Starch  when  air  dried  ctmtains  from  12  to  15  per  cent  of  moisture, 
and  if  more  thoroughly  dried  in  the  kilns  it  will  soon  absorb  water  when 
exposed  to  the  air  until  the  above  percentage  is  reached.  The  moisture 
in  starch  varies  also  with  the  humidity  of  the  «r;  starch  dried  by  heat 
being  one  of  the  most  hygroscopic  substances  known. 

Alkaline  Starches.  The  description  f^ven  above  applies  specifically 
to  the  manufacture  of  the  so-called  neutral,  thick-boiling  starches,  and  in 
general  to  com  starch.  In  making  alkali  starches,  caustic  soda  is  added 
to  the  starch  and  gluten  liquors  before  running  so  as  to  make  the  gluten 
more  soluble.  Such  starches  have  less  nitrogenous  impurities  but  are 
high  in  ash,  as  it  is  impossible  to  wash  all  of  the  alkali  out.  Alkaline 
starches  give  thicker  pastes  than  neutral  starches  made  by  the  sweet 
or  sulphite  processes. 

Thin-boiling  Starches.  Tkin-boiltng  starches  are  made  by  subjecting 
the  starch  to  a  treatment  with  very  dilute  acids  at  temperatures  below 
the  bursting  point  of  the  granule,  usually  35-50°  C.  This  causes  an 
incipient  hydrolysis  of  the  contents  of  the  granule,  but  does  not  per- 
ceptibly affect  the  enveloping  starch  ceUidose,  the  dried  product  being 
indistinguishable  from  the  original  starch,  even  by  careful  microscopic 
examination.  A  certain  very  small  amount  of  the  granule  contents  is 
rendered  soluble  and  can  be  removed  by  washing  the  starch  with  cold 
water  and  filtering.  The  amount  and  nature  of  this  soluble  carbo- 
hydrate, which  can  be  detected  by  adding  a  drop  or  two  of  a  very  dilute 
iodine  solution,  depends  on  the  extent  of  the  acid  modification. 

Two  general  methods  of  making  thin-boiling  starches  are  "used  in 
factory  practice — the  first,  known  as  the  drying  in  process,  consists  in 
adding  either  sulphuric  or  hydrochloric  acid  in  very  dilute  form,  usually 
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about  1  per  cent  upon  the  weight  of  the  crude  green  or  milt  starch  as  taken 
from  the  runs  mixed  with  water.  The  excess  of  liquid  is  then  drained  off 
and  the  starch  allowed  to  dry  gradually  at  a  gentle  heat.  This  process 
has  been  practically  superseded  by  the  in  suxpenaion  process  in  which 
case  the  green  starch  is  dumped  into  a  tank  of  hot  water  containing 
0.1-0.2  per  cent  of  acid  and  kept  in  Buspension  by  means  of  a^tators. 
When  the  process  is  complete,  as  shown  by  pasting  tests,  the  acid  ia 
neutralized,  the  starch  is  drained  and  then  dried  in  the  usual  manner. 
This  latter  process  has  Lecn  developed  largely  by  Duryea,  who  has  taken 
o:  t  patents.  These  thin-boiling  starches  are  now  made  in  large 
quantities,  having  largely  taken  the  place  of  wheat  starch  in  the  laundry 
trade. 

Potato  Starch.  Practically  all  of  the  starch  used  in  Europe  is  made 
from  potatoes.  Potatoes  contain  only  from  17  to  20  per  cent  of  starch 
but  the  actual  yield  per  acre  is  more  than  either  com  or  wheat,  for  the 
reason  that  the  potato  yield  is  6J  tons  per  acre  agiunst  about  25  bushels 
for  com  and  31  for  wheat,  or  less  than  a  ton  of  gridn. 

The  potatoes  are  soaked  in  vats  of  water  for  several  hours  and  then 
washed  in  a  long  trough  containing  a  spiral  stirrer  which  tosses  them 
about,  thus  giving  a  thorough  rubbing.  Some  factories  use  revolving 
cylinders  for  the  same  purpose.  The  potatoes  are  then  introduced  into 
rasping  machines  equipped  *rith  rapidly  revolving  knives;  the  pulp 
thus  formed  lieing  passed  through  sieves  to  remove  the  fiber  and  the  filtrate 
allowed  to  settle.  The  lower  layers  of  white  starch  are  drawn  off  and  the 
upper  gray  layers  still  containing  some  fiber  are  resieved  and  settled,  this 
being  repeated  several  times.  The  starch  is  then  purified  on  runs  and 
dried  in  a  similar  manner  to  com  starch. 

Potato  starch  is  often  made  thin-boiling  by  methods  analogous  to 
those  used  in  com  starch  modifications.  Certsdn  patented  processes 
designed  to  purify  the  starch  by  oxidizit^  the  nitrogenous  compounds 
by  use  of  potassium  permanganate  and  other  oxidizers  also  produce 
thin-boiling  modification.  Commercial  potato  starch  usually  contains 
about  20  per  cent  of  water. 

Wheat  Staxch.  Wheat  starch  is  usually  made  from  flour,  either  by 
the  old-faahioned  method  of  allowing  the  mixture  of  flour  and  water  to 
ferment  in  vats  and  then  purifying  the  starch  by  settling,  in  which  case 
the  gluten  is  destroyed  by  fermentation  and  a  thin-boiling  starch  'results, 
or  by  the  Martin  process  in  which  the  gluten  is  saved  and  a  thick-boiling 
starch  produced.  In  this  latter  process,  masses  of  dough  made  by  moisten- 
ing the  flour  are  placed  in  a  special  kneading  machine  m  which  the  dough 
is  kneaded  by  grooved  rollers  working  in  a  swinging  frame,  the  starch 
being  washed  out  through  sieves  by  jets  of  water,  settled  and  passed 
over  mns.  The  resulting  starch  when  dried  and  finished  is  tbick-boiling 
and  the  gluten,  still  containing  several  per  cent  of  starch  which  it  is 
impos^ble  to  remove  mechanically,  is  recovered  as  a  rubbery  mass. 
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Rice  Starch.  Rice  starch  is  made  to  considerable  .extent  in  Europe. 
There  are  several  processes,  but  they  all  depend  on  destroying  the  glutitwus 
matter  by  alkali  or  fermentation  or  by  both.  About  0.3  per  cent  of 
potash  is  usually  employed,  the  steeped  grain  then  being  ground  and  the 
starch  removed  by  «eving  and  settling,  the  last  process  being  a  tedioua 
one  owing  to  the  minuteness  of  the  granules. 

Tapioca  and  Airow-root  Cassava  (tapioca)  and  arrow-root  starches 
are  made  from  tubers  of  tropical  plants  by  processes  similar  to  those  used 
in  potato  starch  manufacture.  Certain  varieties  of  the  cassava  plant 
contain  large  amounts  of  prussic  acid.  As  such  starches  are  used  exten- 
sively for  food,  it  is  necessary  that  they  undergo  a  special  fermentation 
and  washing  to  remove  this  poisonous  principle.  Sago  starches  are  made 
from  the  pith  of  certain  palms  and  are  imported  both  as  "  flour  ",  and 
in  the  form  of  dry  pellets  of  starch  paste.  Tapioca  is  often  prepared  for 
the  maricet  in  a  similar  way.  Cassava  starches  are  noted  for  the  great 
thickness  or  body  of  their  pastes. 

Commercial  Glucose  and  Other  Products  of  Stuch  Hydrolysis.  Starch, 
according  to  Brown  and  Morris,  is  a  highly  condensed  hexose  carbohydrate 
(A  the  formula  (CeHioOs)>>  consistii^  of  approximately  100  anhydride 
groups  which  can  be  resolved  by  suitable  hydrolytic  t^nts  into  as  many 
equivalents  of  dextrose,  providing  the  hydrolysis  is  sufficiently  prolonged. 
Dilute  acids  will  produce  complete  hydrolysis,  the  rate  dependiog  on  the 
nature  of  the  acid  and  varying  approximately  as  the  concentration,  but 
increadng  rapidly  with  rise  of  temperature.  When  starch  paste  is  sub- 
jected to  the  action  of  an  acid,  it  is  gradually  resolved  into  simpler  car- 
bohydrates, the  reaction  being  the  result  of  the  breaking  up  of  the 
numerous  anhydride  groups  of  the  complicated  starch  molecule  with  the 
formation  of  bydroxyl  radicles  from  the  water  present,  the  acid  not  going 
into  the  combination,  but  acting  catalytically. 

The  speed  at  which  this  hydrolysis  proceeds  depends  on  the  amount 
and  nature  of  the  acid  and  the  temperature.  If  the  hydrolysis  is  carried 
to  completion,  the  final  product  is  a  glucose  sugar  called  dextrose,  although 
in  actual  practice,  some  small  quantity  of  decomposition  products  are 
usually  formed.  The  intermediate  hydrolytic  substances  Are  very  com- 
plicated, but  behave  chemically  and  physically  as  molecular  aggregates 
of  three  bodies — dextrose,  a  biose  sugar  known  as  maltose,  and  a  dextrin 
vrith  the  properties  of  the  original  starch  paste. 

This  progress  of  the  hydrolysis,  or  amvereion  of  starch  paste  manifests 
itself  by  characteristic  chemical  and  physical  changes.  The  thick  paste 
loses  its  colloidal  nature  and  rapidly  becomes  more  limpid,  the  ooncentrar- 
tion  of  the  solution  increases,  although  the  dissolved  carbohydrates  become 
specifically  lighter,  and  the  solution  becomes  distinctly  sweeter  in  taste. 
If  tested  with  a  weak  aqueous  solution  of  iodine,  the  deep  sapphire  blue 
given  by  the  original  starch  paste  changes  as  the  hydrolysis  proceeds, 
passing  into  violet,  then  to  a  rose  red  which  in  turn  changes  to  a  reddish 


STARCH,  GLUCOSE,  DEXTRIN  AND  GLUTEN  905 

brown  which  grows  steadily  lighter  until  just  before  complete  hydrolysis 
is  reached  it  disappears  altogether.  A  few  drops  of  the  solution  pourod . 
into  strong  alcohol  give  a  copious  white  precipitate  during  the  early 
stages  of  the  conver^nf  as  the  hydrolysis,  continues  the  amount  of  pre- 
cipitate becomes  lees  until  near  the  end  when  no  precipitate  is  produced. 

If  the  conversion  products  are  test«d  polariscopically,  it  will  be  found 
that  there  will  be  a  pn^ressive  fall  in  specific  rotation  values  from  that 
of  starch  paste  (202°)  to  that  of  dextrose  (52.7°).  The  Fehlii^  test 
shows  no  copper  reduction  with  starch  paste,  at  the  beginning  of  the 
hydrolysb,  but  progressively  increases  till  the  maximum  reducing  power 
is  reached  when  all  of  the  converted  products  are  finally  transformed 
into  dextrose. 

Since  the  discovery  of  the  process  of  converting  starch  into  dextrose 
by  the  action  of  heat  and  acids,  as  long  ago  as  the  beginning  of  the  last 
century,  dextrose  in  a  crude  form  and  known  as  starch  sugar  or  grape- 
sugar  has  entered  more  or  less  into  commerce,  but  its  importance  as  a 
product  is  small  as  compared  to  that  of  glucose  which  latter  has  been 
developed  in  the  past  thirty  years  and  become  practically  indispensable 
in  many  food  products. 

Glucose.  The  term  "  glucose  "  as  used  to  define  this  product  must 
not  be  confounded  with  dextrose  or  its  isome:^,  but  has  reference  to 
a  special  commercial  sirup  which  is  always  sold  under  this  designation.' 
The  name  "com  sirup,"  which  has  been  si^gested,  would  seem  to  be  a 
happier  designation,  as  is  the  German  "  starkezucker  Sirop."  It  is  a  thick, 
viscid  sirup,  practically  clear  and  colorless,  or  of  light  amber  tint,  and  is 
a  product  of  the  partial  hydrolysis  of  starch.  Its  composition  varies 
somewhat  but  the  average  product  has  a  specific  rotation  of  about  140", 
with  a  Fehling  reducing  value  of  about  47  per  cent  that  of  dextrose. 

The  above  corresponds  to  a  composition  peculiarly  well  adapted  to 
the  commercial  requirements  of  glucose,  which  are,  that  it  be  a  practically 
"neutral"  (flavorless)  sweet  sirup,  uncrystallizable  when  highly  concentrated 
and  capable  of  forming  uncrystallizable  mixtures  with  cane  sugar  when 

>  It  ia  TraaaricEUDle  bow  tew  of  the  apparently  weU-infonned  know  what  "  eommerciat 
f^ucom  "  really  is.  Thb  ib  due  to  iJie  confusion  of  tenns  which  BSBociate  this  mi». 
named  stueh  product  with  grape-sugar  and  dextrose.  It  is  quite  true  that  dextroaa 
(ghieoee)  is  an  ingredient  of  cmnmercial  glucose,  but  the  dextrose  in  the  commercial 
glueeee  of  to-day  is  the  least  important  ingredient,  botii  in  quantity  and  for  the  qual- 
ities which  it  imparts  to  the  product. 

Pure  cajie  mo'BSBea  ia  much  more  entitled  to  the  name  "  glucose  "  than  is  this 
etarch  product  so  far  as  its  compCisition  and  characteristics  are  concerned.  Yet 
encyclopedias,  scientific  texts  and  popular  writings  are  full  of  erroneous  stat«menta 
confusing  "  ghicoee  "  with  dextrose  and  the  glucoses.  Indeed,  its  moat  earnest  advo- 
cates and  advertisers  have  been  responsible  for  giaring  misstatements  both  in  the  public 
priate  and  in  court  testimony  through  implication  of  facts  relating  to  dextrose  and  the 
glucose  sugara  to  this  well-defined  product  of  quite  different  characteristics.  This 
might  not  be  so  surprising  except  for  the  tremendous  magnitude  and  importance  wliich 
the  manufacture  of  this  product  haa  in  the  world's  food  economy. 
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the  latter  is  added  in  large  proportion.  The  sirup  also  must  be  capable 
of  beifig  refined  so  that  it  is  practically  colorless.  The  properties  which 
make  ^ucoee  valuable  in  the  manufacture  of  candy,  preserves,  jellies, 
Biru[>s  and  similar  food  products,  are  those  of  a  hydrolyzed  product  which 
IF!  converted  only  so  far  that  at  least  25  per  cent  of  dextrin  still  remuns 
m  the  carbohydrates.  If  less  dextrin  is  present,  the  dextrose  tends  to 
crystallize  out  at  high  concentrations,  while  it  will  not  adequately  prevent 
graining  in  sugar  mixtures.  If  the  converaoa  is  not  carried  to  about 
this  point,  the  glucose  has  not  the  requiate  sweetness,  while  at  t^e  same 
time  the  preponderance  of  the  less  soluble  dextrin  makea  a  cloudy,  pasty 
simp. 
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A  better  comprehension  of  the  chemistry  of  commercial  glucose  can  be 
had  by  a  study  of  the  following  diagram,  which  gives  the  variation  in 
percentile  of  the  three  primary  constituents,  d.extrin,  maltose,  and 
dextrose,  present  in  the  carbohydrate  matter  as  acid  hydroly^  pro- 
ceeds, the  progress  of  the  hydrolysb  being  shown  by  the  change  in 
optical  rotation  from  that  of  starch  paste  to  that  of  dextrose.  The 
stage  of  hydrolysis  most  favorable  for  the  manufacture  of  commercial 

'  The  diagonal  dotted  lines  show  the  respective  dextrin  and  maltose  peroeatages 
obtained  in  stafch  producta  hydrolyied  by  ^ituUue  (malt)  conveiwon  for  the  tiorreapond- 
ing  rotation  values.  (See  "  Malt  Glueoae,"  p.  779.)  These  are  corrected  iat  the 
polariiation  influence  of  carbohydrates  intrciduc«d  in  the  malt,  which  do  not  cwne  ftom 
starch  hydrolyais. 
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glucoae  for  ordinary  purposes  lies  between  the  rotation  values,  120  and 
140;  although  glucose  used  for  special  brewing  purpoaeB  may  be  some- 
what outside  these  limits.     (See  Fig.  345.) 

Manufacture  of  Glucose.  Glucose  is  manufactured  on  a  large  scale 
in  this  country  conjointly  with  starch,  gums,  dextrins  and  numerous  ' 
valuable  by-products.  Practically  all  of  the  commercial  product  is  made 
from  com  (maize),  what  is  known  as  "  No.  4  "  being  usually  taken 
although  all  grades  are  used.  The  following  diagram  outlines  the  process 
and  will  assist  in  following  the  steps,  which  as  far  as  the  production  of 
the  green  (crude)  starch  are  identical  with  those  of  com  starch  manufac- 
ture which  has  already  been  described. 

Scheme  of  Glucosb  MANnFAcruBB 

COBN 

Steep  Tubs\ 

I  ^Steep-liquob 

Germ  Separators — Fuss  Mills  \ 

I  I  Evaporators 
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(Germ-meal) 
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Filter 

Dryers 

Mills 
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Breakers 

I 

Converter 
Neutralizer 
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Evaporator 

B^  Filters  (Bag  liquob) 

Bone-char  filters 

[  (Light  liquob) 

Evaporator 

I  (Heavt  Liquor) 

Bone-char  filters 
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Vacuum  pan 
Finished  Glucose 
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OrigiDsDy,  glucose  was  made  in  opeo  corwerUra  which  were  lal^  tubs 
provided  with  steam  coik  and  t^tatois;  but  owing  to  the  fact  that  the 
speed  of  hydrolytic  action  is  increased  enormously  by  temperature  rise, 
and  as  converting  at  hi^-pressure  effects  great  economy  of  time  and  add, 
the  open  converter  has  become  obsolete.  Also,  in  recent  years  the  pres- 
sure has  been  greatly  increased,  and  the  time  of  conversion  reduced  by 
three-quarters  or  more.  Hydrochloric  acid  is  almost  universally  used  as 
the  hydrolyte  owing  to  its  greater  converting  power  and  because  it  gives 
a  brighter,  more  easily  refined  product. 

The  green  starch  ie  taken  directly  from  the  tables  to  the  converter 
being  shoveled  off  the  runs,  and  mixed  with  water  in  a  breaker,  a  tank  with 
an  agitator,  to  a  thick  cream  usually  standing  about  20°  BS, 

Hoiiztmtal  Conrerter.  The  older  type  of  converter,  which  is  still 
in  use,  is  a  horizontal  cylinder  usually  made  of  gun  metal  or  copper.  The 
diluted  acid  is  introduced,  steam  is  then  turned  on  and  a  pressure  of  about 
30  lbs.  nuuntained.  The  starch  liquor  is  then  gradually  pumped  mto 
the  converter  in  a  fine  stream,  twenty  minutes  or  half  an  hour  being 
consumed  for  fiUii^.  This  allows  time  enough  to  permit  the  entering 
starch  to  become  sufficiently  hydrolyzed,  to  prevent  pasting;  otherwise, 
large  clots  would  be  formed,  plugging  the  apparatus  Emd  causing  Jreesing, 
The  conversion  is  then  continued  under  pressure  of  about  30  lbs.  until 
iodine  tests  made  on  small  samples  withdrawn  from  the  apparatus  show 
that  the  proper  conversion  point  has  been  reached,  which  usually  takes 
from  fifty  minutes  to  an  hour. 

Vertical  Converter.  In  the  more  modern  type  of  converter,  which 
is  similar  in  construction  but  vertical,  the  starch  milk  is  mixed  with  part  of 
the  acid  before  introducing  into  the  apparatus  and  is  thus  partially  hydro- 
lyzed in  a  separate  tank,  a  larger  proportion  of  acid  being  used.  The  whole 
charge  is  run  in  a  few  minutes  into  the  hot  converter  through  a  lai^  open- 
ing in  the  top,  the  cover  immediately  screwed  on  and  the  steam  pressure 
quickly  raised  to  about  50  lbs.  Owing  to  this  hi|^  pressure  and 
the  greater  strength  of  acid  used  the  starch  is  almost  immediately 
liquefied,  thus  causing  the  whole  conversion  to  be  completed  in  about 
ten  minutes. 

The  converted  liquor  is  turbid  from  the  colloidal  albuminoids  it  contains 
and  has  a  density  of  about  16°  B4.  It  is  immediately  blown  out  of  the 
converter  into  the  neuiraltzer  which  is  usually  a  large  covered  wooden 
tank  provided  with  a  stirrer  and  also  having  ventilating  shafts  for  the 
removal  of  hot  vapors.  Here  it  is  treated  with  a  dilute  solution  of  sodium 
carbonate  which  not  only  neutralizes  the  acid,  but  at  the  same  time 
coagulates  the  colloidal  albuminoids  and  precipitates  the  dissolved  iron 
so  that  a  bright  filtrate  is  obtained. 

From  the  neutralizer,  the  liquor  goes  to  bag-filters  of  the  type  used 
in  sugar  refining  (Taylor  filters).  The'  practically  clear  amberHwlored 
bag4iqiMr  usually  goes  thence  to  the  bone-char  filters  for  its  first  decoloiy 
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izatioD,  but  often  it  is  first  subjected  to  a  further  treatment  with  precipi- 
tants  and  fllter^presaed  before  going  to  the  bone-char. 

Char  Filters.  The  bone-char  filters  are  identical  with  those  used  in 
sugar  refining,  being  vertical  cast-iron  cylinders  cont^ning  20  tons  or 
more  of  char,  but  greater  care  has  to  be  taken  in  the  preparatioil  of  the 
char  and  in  the  filtering  since  all  those  impurities  which  affect  the  color, 
appearance,  flavor  and  give  other  objectional  qualities  must  be  removed 
at  this  stage,  if  at  all,  as  they  cannot  be  collected  in  the  mother-liquor 
by  cryetalliiation  as  in  cane-sugar  refining. 

Since  the  slightest  trace  of  caustic  lime  or  other  alkali  in  the  char  will 
cause  a  brown  coloration  in  the  hot  liquor,  it  is  necessary  to  subject  the  char 
in  the  filters  to  a  careful  preparation  known  as  tempering.  This  constats 
in  a  treatment  with  dilute  hydrochloric  acid,  washing  with  hot  soft  water 
and  a  partial  drying  by  means  of  steam  or  compressed  air.  This  neutral- 
ises the  alk^i  which  ia  present  consisting  principally  of  caustic  lime  and 
ammonia  and  also  removes  considerable  of  the  soluble  salts,  especially 
those  of  iron. 

The  glucose  is  passed  twice  through  the  bone-char  filters,  the  first 
passage  follows  bag-filtering  resulting  in  what  b  kn^wn  as  light  liquor. 
This  liquor  is  evaporated  in  a  multiple-effect  apparatus  to  a  density  of 
about  30°  B4.,  and  again  goes  to  the  boue-char  filters,  when  the  product 
is  known  as  heavy  hguar.  The  method  of  procedure  is  as  follows:  The 
fresh  bone^har  as  it  comes  from  the  kilns  is  cleaned  from  the  dust  and 
smaller  particles  which  would  cause  clonjpng  of  the  filters.  Jt  is  then 
spouted  in  through  a  manhole  until  the  filter  ia  filled  to  withm  2  or  3  ft. 
of  the  top.  The  hot  tempering  acid  is  then  added  until  the  char  is  covered, 
and  is  allowed  to  remain  in  contact  with  it  fw  some  time.  The  acid  water 
is  then  drained  out  of  the  bottom  of  the  filter  and  the  wash  water  intro- 
duced, which  is  also  drained  out  at  the  bottom.  The  drainings  are  then 
blown  out  with  steam  or  compressed  lur.  The  filter  is  now  filled  with  hot, 
heavy  liquor  which  is  allowed  to  stand  for  some  time  in  contact  with  the 
char.  The  liquor  b  then  slowly  displaced  by  more  heavy  liquor  entente 
at  the  top  of  the  filter,  the  filtered  liquDr  passii^  out  through  the 
bottom  by  means  of  a  pipe  which  rises  nearly  to  the  top  of  the  filter,  thus 
keeping  a  constant  level  just  over  the  upper  surface  of  the  char. 

After  the  heavy  liquor  has  been  running  over  the  char  continuously 
for  four  or  five  hours,  the  time  depending  on  the  working  of  the  filter  and 
other  factory  conditions,  the  last  filter  full  is  displaced  by  the  light  liquor 
which  then  ruos  through  the  filter  in  the  same  manner  for  several  hours. 
By  the  end  of  this  time  the  capacity  of  the  filter  for  efficient  work  has  been 
reached,  and  it  is  now  aweetened  off  by  displacing  the  Ught  liquor  which 
remains  in  the  filto:  by  soft  water,  continuing  the  flow  till  a  Baum4- 
qtindle  test  at  the  exit  pipe  shows  that  all  the  liquor  has  passed.  These 
"  sweet  waters,"  together  with  the  washings  of  the  bag-filters  are  concen- 
trated in  an  evaporator  and  usually  put  into  the  bag-liquors.    The  filter 
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is  now  washed  for  a  number  of  hours  by  a  reverse  flow  of  hot,  soft  water, 
the  water  entering  at  the  bottom  and  passing  out  at  the  top  of  the  filter. 
After  this  washing  the  char  is  duAped  through  a  manhole  in  the  side  at 
the  bottom  of  the  filter  and  is  carried  by  conveying  machinery  to  the  kilna 
where-  it  is  dried  by  passing  over  hot  fiues  in  the  upper  part  of  the  kila 
and  tnen  heated  to  dull  red  as  it  passes  through  the  tubular  iron  retorts. 
These  tubes  are  placed  vertically  in  the  kiln  and  are  connected  to  shes^ 
iron  tubes  extending  out  through  the  bottom  of  the  kiln  which  serve  to 
cool  the  char.  The  retorts  and  coolers  are  kept  entirely  filled  with  the 
char  which  is  made  to  pass  through  them  very  slowly,  at  regular  intervale^ 
the  char  being  removed  in  small  quantities  from  the  bottom  of  the  coolers. 
In  this  way  a  large  part  of  the  organic  matter  which  clogs  the  pores  of  the 
char  is  volatilized  or  destroyed  without  injuring  the  char  itself.  After 
passing  through  the  kihis  and  »fted,  the  char  is  again  ready  for  the  filters. 
There  is  necessarily  some  loss  m  this  reowifying,  1  per  cent  or  more  beti^ 
removed  by  the  sieves  m  a  state  too  fine  for  use  in  the  filters.  This 
spent  thar  is  of  considerable  value,  however,  as  it  is  used  m  the  manii* 
facture  of  fertilisers,  colors,  and  for  other  purposes. 

Concentration.  vThe  practically  colorless  heavy  liquor  conui^  from 
the  bone-char  filters  is  now  ready  for  the  final  boiling  down  in  the 
vacuum-pans  whence  it  comes  as  finished  glucose  and  b  run  into  the 
barrels  for  shipment. 

As  glucose  liquors,  even  in  the  vacuum-pan,  will  color  somewhat 
when  boiled  to  the  concentrations  required  of  the  commercial  product, 
it  has  been  the  practice  to  inject  a  solution  of  acid  sodium  sulphite  (fiiaul- 
phiie)  forthe  purpose  of  bleachii^  during  concentrating  in  the  vacuum-pan. 
The  bisulphite  also  acts  as  a  preservative  of  the  thinner  sirups  in  which 
glucose  was  used.  It  further  prevents,  to  a  great  extent,  its  darkening 
in  the  kettle,  when  used  in  hard  candy  manufacture.  Since  the  enforce- 
ment of  the  Pure  Food  Law  in  this  country  in  1907  use  of  sulphite  in 
any  appreciable  amount  has  been  forbidden  in  glucose  for  food,'  so  glucose 
made  since  the  enforcement  of  this  law  has  had  a  light  amber  color. 

All  refined  glucose  contains  to  a  greater  or  less  extent,  depending  (Hi 
the  quality  of  the  refining,  certain  impurities  which  cause  objectionable 
color,  flavor  and  odor,  present  it  is  true,  in  very  small  quantity,  but 
still  significant  as  affecting  the  value  of  glucose  for  many  purposes.  It 
is  now  known  that  these  are  actually  impurities  and  not  inherent  in  the 
carbohydrate,  being  in  the  main  nitrogenous  decomposition  products  frtno 
the  small  quantities  of  gluten  left  in  the  starch  and  resulting  from  its  acid 
hydrolysis  in  the  converter.  The  effect  of  these  objectionable  impurities, 
particularly  the  color,  has  been  mitigated  by  the  use  of  sulphites,  v^ich, 
more  or  less  temporarily,  bleach  the  goods  and  also  mask  to  some  extent 
the  objectionable  odors  and  flavors.     Now  that  the  use  of  sulphites  is  pro- 

'  Temporarily  pending  iDvesUgation  of  this  matter  the  goveniDieot  has  waived 
prosecution  for  the  use  of  sulphurous  acid  compounds  is  sirups  up  to  0.036  per  oeut. 
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hibited  in  ^ucoae  used  aa  a.  food,  m&nufMturers  have  been  obliged  to 
use  starch  which  has  been  especially  purified  by  washing  or  renmuing  oa 
the  tables.  Rerun  alkali-process  starches  have  been  used,  giving  a 
somewhat  better  product  but  they  have  the  disadvantage  of  increasing 
the  mineral  content  of  the  product,  owing  to  the  alkali  introduced  which 
oaimot  be  completely  removed  and  also  because  of  the  greater  amount 
of  bydrolyBing  acid  jequired. 

Duryea  has  patents  for  manufacturing  glucose  from  a  pure  modified 
Btarch  in  vbich  the  purification  is  accomplished  by  a  jnild  acid 
bydrolyw  and  subsequent  removal  of  the  hydrolyzed  impiuities  by  the 
usual  methods,  such  as  washing  w  rerunning. 

Glucose  ia  usually  made  at  three  concentrations,  42°,  43°  or  45°  B6., 
and,  as  has  already  been  stated,  as  a  rule,  is  converted  to  a  point  represented 
by  a  specific  rotation  for  the  anhydrous  carbohydrate  of  about  140°  D. 
Apparently,  there  ia  oo  attempt  to  vary  the  compoution  of  the  product 
for  special  trade  uses  aa  could  easily  be  done  to  advantage,  but  the  Ughter- 
colored  pure  glucoses  are  selected  for  confectioners'  use,  irrespective  of 
the  degree  of  conversion.  Glucose  used  for  the  numufacture  of  table  sirups 
is  usually  known  as  mixing  glucuse.  Such  sirups  are  made  from  cane 
sirups,  usually  refinery  molasses,  or  from  white  sugar  and  glucose  in  the 
proportion  of  85  per  cent  of  glucose  to  15  per  cent  of  cane  sirup.  Table 
salt  and  sometimes  small  quantitift  of  vanillin  are  often  added.  The 
other  principal  uses  of  glucose  are  in  the  manufacture  of  jellies,  preserves 
and  in  brewing,  although  ita  applications  are  multifarious  in  many  indua' 
tries  where  it  does  not  enter  as  a  food -product,  as  for  instance,  it  is  used 
in  enormous  quantities  to  fill  sole  leather  and  tannii^  extracts. 

Grape-sogar.  Grape-sugar  is  the  name  (q>pUed  to  a  crude  dextrose 
which  is  manufactured  in  considerable  quantities  in  this  country  and 
is  used  chiefiy  in  the.  manufacture  of  vinegar  and  in  brewing,  also  as  a 
reducing  agent  in  many  mdustries,  as  in  mdigo  dyeing,  and  in  silvering 
on  glass.  It  contains  frcon  70  to  80  per  cent  of  dextrose,  the  balance  of 
carbohydrates  being  those  of  the  lower  hydrolyzed  products.  Grape- 
sugar  is  not  much  used  in  food  products  owing  to  its  bitter,  unpleasant 
flavor,  largely  due  to  the  effect  of  the  greater  degree  of  hydrolysis  on  the 
nitrc^enous  impurities  of  the  starch  already  referred  to  and  also  to  the 
decomposition  products  arising  from  the  prolonged  action  of  the  acid 
and  heat  on  the  carbohydrate  itself.  The  initial  steps  of  grape-fiugM* 
manufacture  are  the  same  as  those  of  making  glucose,  except  that  more 
hydrolysii^  acid  is  used,  and  the  conversion  is  carried  to  the  point  that  no 
dextrin  is  precipitated  when  the  sample  is  poured  into  strong  alcohol. 

As  it  appears  in  the  market,  grape-sugar  is  a  hard,  waxy  solid,  being 
in  the  main  in  the  form  of  concrete,  compact  masses  of  crystal  plates  of 
the  crude  dextrose  monohydrate,  made  by  pouring  the  highly  con- 
centrated liquors  into  molds.  When  fresh,  it  is  usually  quite  white, 
especially  when  bleached  with  sulphite,  but  it  darkens  with  age,  and  the 
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lumps  become  very  hard.  •Two  grades  of  this  quality  of  grape-sugar 
are  oa  the  market,  known  respectively  as  seventy  and  eighty  sugar,  the 
figures  being  supposed  to  represent  the  per  cent  of  dextrose  in  the  goods. 

About  1880,  Dr.  Behr  invented  a  process  for  making  anhydrous 
d^ctiose  in  a  commercial  way,  and  this  sugar  is  now  made  to  some  extent. 
Hie  i^ocess  consists  in  starting  a  crystallisatioQ  in  aqueous  solutions  <rf 
commercial  dextrose,  under  favorable  conditions  of  temperature  and 
concentration,  with  seed  or  pure  anhydride  obtained  by  crystallisation 
from  alcohol.  The  anhydride  thus  obtained  is  in  fine  needles  which  are 
practically  chemically  pure,  and  can  readily  be  puiged  from  the  mother- 
liquors,  from  which  the  darker,  "  Climax,"  sugars  are  made  for  brewing 
purposes. 

Halt-glucose.  In  Japan,  glucose  has  been  made  for  centuries  by 
primitive  methods  of  converting  the  starch  of  rice  and  millet.  Midza- 
ame,  as  it  is  called,  in  its  better  grades,  is  a  light  yellow  transparent  ramp 
resembling  our  commercial  glucose,  and  by  analysis  it  is  shown  to  be  s 
practically  pure  diastase.converted  starch  product.  In  Europe,  similar 
sirups  have  been  made  to  some  extent,  and  practically  unrefined  sirups 
made  from  ground  matt  and  other  grains,  known  as  maU-extracts,  are  com- 
mon pharmaceutical  preparations  in  this  country.  Commeroial  glucose 
made  by  use  of  mAlt  has  not  yet  been  put  on  the  market  as  a  regular  prod- 
uct of  starch.  One  reason  for  this  has  be^i  the  relatively  large  amounts 
of  malt  necessary  for  conversion  which  made  the  cost  of  production 
prohibitive.  In  1903,  Duryea  took  out  patents  for  an  improved  method 
of  makii^  malt-converted  glucose,'called  by  him  "  maltose  "  in  which  the 
process  starts  with  a  purified  starch,  which  is  subjected  to  an  acid 
hydrolysis  of  short  duration  before  the  malt  infusion  is  applied.  In  this 
way  a  very  small  amount  of  malt  extract  is  required  and  a  conversion 
obtuned  which  gives  a  product  practicfUIy  identical  with  that  obtained 
from  a  normal  disastase  conversicm,  but  veiy  small  quantities  of  dextrose 
being  present. 

A  "  maltose  "  thus  made  is  odorless  and  practically  free  from  flavor, 
the  objectionable  nitrogenous  by-products  formed  by  acid  hydrolyns 
apparently  not  being  produced  in  this  method  of  conversion. 

Dextrin  and  British  Gum.  Artificial  gum  made  from  starch  and 
known  as  dextrina  and  British  guma  are  made  in  large  quantities  both  in 
this  country  and  Europe,  and  are  employed  in  many  ways  as  substitutes 
for  natural  gums  such  as  tragacanth  or  gum  arabic.  Enormous  quantities 
of  these  starch  gums  are  used  in  the  textile  industries,  for  envelopes  and 
postage  stamps.  These  products  are  made  by  heating  (roasting)  starch 
in  revolving  cylinders,  which  are  heated  directly  by  a  furnace  w  by  an 
oil-bath,  or  in  shallow  trays  in  shelf  kilns.  The  temperatures  used  vary 
much  according  to  the  product  desired,  varying  from  170  to  270°  C. 
lo  making  dextrins,  lower  temperatures  are  used  and  the  starch  is  moistened 
with  dilute  acid,  usually  nitric,  0.12  per  cent,  previously  to  heating  so  that 
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in  the  earlier  stages  of  heating,  conBiderable  hydrolyas  takes  place.  In 
making  British  gums  usually  no  acid  is  used,  but  the  temperature  employed 
is  higher,  and  even  in  this  process  hydrolysia  first  takes  place  to  acme 
extent,  owing  to  the  moisture  and  acid  naturally  in  the  starch.  The 
time  of  beatii^  varies  much  according  to  the  product,  white  dextrina 
taking  but  two  hours,  while  British  gums  are  heated  for  fifteen  hours 
or  even  longer.  There  are  no  exact  standards  for  dextrios  generally 
recognised,  color  and  body  of  the  mucilages  which  measured  quantities 
of  these  gums  make  are  usually  the  best  means  of  their  valuation.  These 
products  are  not  definite  chemical  compounds,  neither  are  they  made 
according  to  fixed  methods  of  procedure.  Often  different  products  are 
blended  to  give  the  properties  desired.  Little  is  known  of  the  chemical 
constitution  of  these  products,  however  much  has  been  assumed.  They 
contain  some  products  of  acid  hydrolysis,  it  is  true,  but  they  are  not  in 
the  main  identical  with  products  of  acid  hydrolysis. 

Soluble  Starch.  Soluble  starch  is  starch  which  has  been  but  lightly 
dextrinized,  and  is  practically  identical  with  many  so-called  whit«  dextrina. 
Actually  there  is  no  exact  limit  in  the  hydrolytic  stages  between  soluble 
starch  or  dextrin  and  thin-boiling  starches,  as  certain  of  the  higher  con- 
verted thin-boiling  starches  contain  considerable  substance  more  or  less 
soluble  in  cold  water,  but  there  is  an  exact  practical  distinction.  Soluble 
starch  disintegrates  in  cold  water  into  a  smooth  colloidal  paste,  whereas 
thin-boiling  starch  immersed  in  cold  water  |H«B6rvee  the  form  of  its  gran- 
ules unchanged,  and  when  dried  at  temperatures  which  do  not  affect  the 
granules,  preserves  ita  original  appearance.  » 

So,  too,  it  is  usually  impossible  to  subject  commercial  starch  to 
any  action  of  washing  or  other  treatment  with  water  or  beat  without 
«ibjecting  it  to  more  or  less  incipient  hydrolysis  which  can  be  recognizable 
by  appropriate  physical  or  chemical  tests.^  Hence,  as  already  stated,  most 
commercial  starches  show  certain  evid^ices  of  hydrolysis  usually  incipient, 
it  is  true,  and  dependent  on  the  method  of  manufacture.  At  the  same 
time  there  is  a  clear  distinction  between  what  is  known  in  the  trade  as 
Oiiek-ioiliTtg,  thin~boiling  and  soluble  starches  which  is  based  on  the  be- 
havior of  these  products  under  various  tests  of  their  properties  as  applied 
in  the  industries. 

Oxidized  Starches.  Beginning  with  1894,  Siemens  and  Witt,  in 
Gfflmany  and  England,  patented  methods  for  piu-ifying  potato  starch  by 
means  of  various  oxidizing  agraits,  chlorine,  potassiiun  permanganate  and 
the  like.  It  was  noted  by  the  patentees  that  the  starch  was  modified 
BO  as  to  be  what  is  now  termed  "  thin-boiling."  Of  recent  yeu^  a  number 
tA  patents  have  been  taken  out  for  starches,  mainly  for  adhesive  and 
sizing  purposes,  in  which  chlorine,  chloric  and  perchloric  acids,  and  other 
(Htidizeis  have  been  used  for  modification,  alkalies  and  allcaline  earths 

■  However,  abeoluldy  freth  starch  whtn  washed  or  renin  and  quickly  dried  before 
fennentatioD  change  can  occur  ia  made  tiucktr  boiling,  probably  due  to  the  puiificatiDii. 
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being  used  to  increase  the  adhesive  properties.  Perhaps  the  most  im- 
jportaot  of  theAt  procesees  is  that  of  Perkins,  in  which  cassava  starch  is 
modified  with  sodium  peroxide  and  caustic  soda.  (U.  S.  P.  1,020,655 
<1912)  Reissue  13,436.)  This  product  is  sold  in  the  dry  form  as  a  peroxide- 
modified  Btarch  which  is  to  be  pasted  with  caustic  soda  and  2  to  3  parts 
of  water  according  to  the  patented  formula.  It  is  used  extensively  as  a 
successful  glue  substitute,  particularly  in  veneering. 

Gluten.  The  protein  matter  known  as  "  gluten,"  which  forms  the 
lai^est  proportion  of  the  organic  material  associated  with  starch,  is  neces- 
sarily removed  or  destroyed  in  the  process  of  starch  manufacture.  By 
the  more  modem  processes  the  gluten  is  saved  and  formerly  these  semi- 
liquid  gluten  desposits  were  sold  to  the  neighboring  farmers  for  immediate  ' 
feeding  to  their  cattle.  Now,  as  has  been  already  stated,  in  the  manu- 
facture of  com  starch  the  gluten  which  is  settled  out  of  the  liquor  com- 
ing from  the  starch  runs  is  filtered  in  filter-presses,  and  the  cake  dried 
and  pulverised,  making  a  valuable  cattle  food  especially  when  mixed 
with  the  com  bran  or  similar  outerial. 

In  wheatrstarch  manufacture,  by  the  Martin  process,  the  gluten, 
which  is  obtained  in  large  rubbery  masses,  is  similar  in  many  of  its  chem- 
ical and  physical  characteristics  to  blood  albumen,  and  when  properly 
prepared  can  be  used  as  a  Substitute  for  the  latter  in  calico  printing. 
It  also  has  been  used  in  the  manufacture  of  adhesives,  as  has  com  glutea 
to  a  limited  extent.  Gluten  foods  have  also  been  made  from  wheat  gluten, 
these  being  in  demand  by  phyadans  where  non-starchy  v^etable  foods 
are  indicated,  bu4  the  difiSculty  has  been  to  obtain  the  gluten  even  approx- 
imately free  from  starch  as  it  is  impossible  to  do  this  by  mechanical 
means.  Hence,  most  of  these  so-called  gluten  foods  have  been  far  from 
satisfactory  when  starch-free  products  are  required.  The  only  successful 
method  of  removii^  the  starch  has  been  by  hydrolysing  with  malt,  at 
comparatively  low  temperatures  and  washing,  but  such  products,  while 
'  on  the  market,  are  too  expensive  for  general  use. 

CkMH  gluten,  as  usually  produced,  is  not  a  palatable  food  for  mankind, 
but  if  suitable  care  were  taken  with  this  by-product  throughout  the  proo- 
ees  with  a  view  to  this  end  it  would  seem  as  if  a  valuable  "  breaJ^ast " 
food  might  be  made. 

The  perishable  nature  of  all  gluten,  which  demands  prompt  and  care- 
ful drying  to  preserve  it,  and  its  sensitiveness  to  only  moderately  high 
temperature,  make  it  difficult  to  work  up  and  store. 

Wheat  gluten  from  its  close  resemblance  to  albumen  has  been  much 
more  developed  in  its  industrial  applications,  but  the  supply  of  this  is  too 
limited  for  its  extended  use. 
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BREWING  AND  MALTING 

ROBERT  WAHL 

ZHrtctor,  WaM-Henint  InitiluU  of  Fermentology,  Chicago,  lU. 

Brewing  ia  the  process  of  preparing  hopped,  fermented  beverages, 
such  as  lager  beer,  aie,  stout,  weiss  beer,  the  materials  usually  employed 
being  barley-malt,  hops,  and  water. 

Malting  is  the  process  of  preparing  cereals,  usually  barley,  through 
germination,  for  purposes  of  conversion  and  fermentation. 

PrehiBt<^c.  One  of  the  earliest  fermented  beverages  known  to 
tradition,  mead,  was  prepared  from  honey-water,  that  is,  the  washings 
of  honey  combs;  hence,  according  to  Arnold,  the  Latin  designation  for 
beer,  "  Cerevisia "  originated  from  the  Celtic  Keirwysg  (Keir=wax; 
Wy8g=water),  and  not  from  Ceres  =  cereals  and  vis^vigor;  "this  word 
was  dmply  retained  after  cercab  were  used  with  the  honey  and  even  after 
cereab  were  used  alone."  ' 

What.  Beer  was  and  is.^  There  is  no  legally  fixed  definition  of  the 
article  or  term  "  beer  ";  its  manufacture  and  sale  come  under  the  pro- 
visions of  the  United  States  Food  and  Drugs  Act  of  1906,  where  it  is  classed 
as  a. "food."  National  and  State  committees  and  associations  on  food 
standards  have  wrestled  with  the  problem  of  what  beer  is,  long  and  often, 
but  their  labors  to  propose  a  satisfactory  standard  have  thus  far  been 
fruitless,  and  a'l  beer  standards  have  therefore  remained  tentative  ones 
up  to  the  present  time. 

Beer  of  Old — Norse,  Teuttms,  Gemuuis.  From  ancient  times  down  to 
the  pret^nt,  the  popular  beverage  that  passed  by  the  name  of  beer  has 
been  undergoing  so  many  changes  as  to  material  employed,  qualitatively 
and  quantitatively,  equipment,  processes  of  manufacture  and  character 
of  product,  that  it  is  impossible  to  fix  a  standard  from  usage  alone  that  will 
not  allow  the  widest  latitude  as  to  choice  of  materials  or  processes.  With 
the  older  Norse  and  South  Teutonic,  or  Germanic  tribes,  beer  was  a  tart 
fermented  beverage  in  which  honey  wbs  a  prominent  constituent,  and 
about  the  eleventh  century  the  employment  of  hops  became  general 
on  the  Continent  because  of  its  bitter  and  aromatic  and  antiseptic  prin- 
ciples and  tonic  effect.    Later  this  ingredient  became  universal. 

'  J.  P.  AjTkold,  "  Origim  and  History  of  Beer  tud  Brewing,"  Chicago,  1911. 

■AddreBS  before  the  Second  International  Brewers'  Congress,  Chicago,  m.,  Oct. 
18-21,1911.  918 
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Cereal  Base.  As  to  cereal  base,  barley  undoubtedly  took  Xhs  lenfl 
from  the  first,  as  it  was  the  great  staple  article  of  food  before' whtAt  cUC- 
placed  it  in  breadmaking.  But  other  cereals  have  had  their  importance 
ia  beer-making  in  ancient  as  well  as  modem  times.  So  Ching'lnade  ife 
beer  3000  years  before  the  Christian  era  from  rice  and  millet  besides  laari^, 
and  in  Egypt,  probably  as  eariy  as  the  building  of  the  pyraouda,  millet 
wae  employed  along  with  barley.  In  modem  Umes,  the  variety  of  cereals 
used  is  much  the  same.  In  many  countries,  notably  the  United  Stat^ 
and  Great  Britain,  unraalted  cereals  like  rice  and  com  aie  generally 
employed  and  sugars  are  favored  by  some;  in  Germany  wheat  is  smployfti 
for  some  beers,  and  in  France,  Belgium  and  Scandinavian  countriw 
various  cereal  products  beudee  barley  malt,  such  additions  to  baide^ 
malt  in  these  countries  being  made  to  secure,  especially,  better  ImgpiOg 
quality  and  to  tone  down  the  satiating  ^ect  or  richness  of  tH-  alt 
beverages. 

The  idea  that  the  only  pure  beer  is  an  all-malt  beer  is  thutt.  wen.  to  be 
false,  both  actually  and  historically,  and  beer  may  therefore  be.  d^U&d  as 
follows: 

"  Beer  is  an  fervescent  beverage  resulting  from  the  thorough  aieoholie 
fermentation  of  a  hopped  sidution,  in  potable  rooter,  of  the  extracHve  substances 
principally  of  barley  mall,  together  vnth,  if  desired,  other  prepared  eereala 
or  iheir  natural  equivalenta."  ' 

Technically,  beer  ia  an  effervescent  beverage  properly  brewed  from 
Bound  materials,  principally  barley  malt  and,  if  desired,  other  prepared 
cereals  or  their  equivalents;  hops  and  potable  water;  with  the  resulting 
brew  or  wort  thoroughly  fermented  by  yeast. 

Chemically,  beer  is  an  effervescent  fermented  malt  beverage,  contain- 
ing in  aqueous  solution  the  products  of  thorou^  fermentation  by  culture 
yeast,  mainly  alcohol  and  carbonic  acid,  and  a  residuum  of  uofermented 
extractive  substances,  like  dextrins,  maltodextrins,  maltose,  albuminoids, 
acid  phosphate,  lactic  acid,  extracted  from  barley  malt  or  other  prepared 
cereals  or  their  equivalents;  hop  bitter  acids  from  hope;  mineral  con- 
stituents from  the  water,  and  the  aromatic  priiiciples  from  hope,  malt 
or  fermentation. 

Dittetically,  beer  is  an  effervescent,  zest-giving,  fermented  malt  beverage 
of  nutrient  and  tonic  value. 

Hyffienically,  beer  is  an  effervescent,  refreshing,  fermented  malt  bever- 
age, biologically  sound  or  wholesome,  that  is,  devoid  of,  and  offering 
resistance  to  the  development  of,  pathogenic  or  virulent  microbes  of  aU 

Economically,  beer  is  one  of  the  greatest  industrial  products  of  many 
of  the  foremost  nations.  America  produced  during  the  last  year  over 
65,000,000    barrels    of    beer,    representing    a    market    value    of   about 

'  Addreaa  befoie  the  Second  Iiit«niationB]  Brewen'  Congresa,  Chicago,  lU.,  Oct. 
J8-21,  1911. 
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$400,000,000,  and  providing  a  revenue  to  the  govemmeat  of  approxinuitely 
965,000,000  for  the  year. 

Technically,  lager  beer  is  an  eSemescent  sparkling  beverage,  properly 
hrewed  from  sound  materiah,  principally  barley  malt  with,  if  desired,  pre- 
pared cereals  like  com  or  rice  or  their  equivalents;  hops  and  pottMe  water; 
xoith  the  resulting  brew  or  vxrrt  thoroughly  fermented  by  cultwe  boUom  yeast  and 
ihe  fermented  product  stored  in  r^rigerated  cellars  for  sedimeniaiion;  clarified, 
if  desired,  by  fSiraiion,  and  properly  sterHized,  when  botlUed,  by  pasteurization.^ 

The  imifonn  standard  for  malt  liquors  tentatively  adopted  by  a 
Jinnt  Committee  on  Food  Standards,  representing  the  Asaociation  of 
Official  Agricultural  Chemists,  and  the  Association  of  State  and  National 
Food  and  Dairy  Departments,  at  a  session  at  Mackinac  Island,  on 
August  3,  1908,  is; 

"  Malt  liquor  is  a  beverage  made  by  the  alcoholic  fermentation  of 
an  infu^on,  in  potable  water,  of  barley-malt  and  hope,  with  or  without 
unmalted  grains,  decorticated  and  degenuinated  grains."^ 

Character  and  Properties  of  Beer.  Before  selecting  and  w^ghing  the 
materials  in  order  to  start  brewing  operations,  the  brewer  should  clearly 
understand  the  requirements  the  finished  product  is  to  meet,  and  every 
(q>eration  he  carries  out  should  be  understood  with  a  knowledge  of  the 
influence  it  may  have  in  shaping  the  character  of  the  beer  as  desired. 

A  beer  has  quality  if  it  possesses  recognized  merit  and  meets  the 
requirements  of  the  trade. 

A  beer  has  character  if  its  properties  conform  to  those  of  a  recc^nized 
standard  or  type. 

Typical  beers  may  differ  widely  as  to  their  distinctive  properties. 
We  may  distinguish,  for  instance: 

The  Bavarian  type  of  If^r  beer,  with  a  light  brown  to  dark  brown 
color,  malt  flavor,  and  a  sweetish  taste  as  the  nmn  features,  with  the 
aroma  and  bitter  taste  of  hops  but  tittle  pronounced;  usually  lively 
and  sparkling.  Alcohol  content  about  3|  to  4  per  cent.  From  worts 
of  about  12)  to  14)  per  cent  extract. 

The  Bohem,ian  type  of  lager  beer,  with  a  light  yellow  to  greenish 
yellow  color,  pronounced  hop  aroma,  and  bitter  taste;  while  the  malt 
flavor  b  not  pronounced;  usually  lively  and  sparkling.  Alcohol  content 
about  3}  to  3J  per  cent.    From  worts  of  about  12)  per  cent  extract. 

The  Vienna  type  of  lager  beer,  with  less  pronounced  character  than 
either  Bavarian  or  Bohemian  types;  in  point  of  color,  bop,  and  m^t 
aroma,  sweet  and  bitter  taste,  it  takes  a  place  between  these  two 
types.  Alcohol  content  about  ^  per  cent.  From  worts  of  about  13i 
per  cent  ^ictract. 

■Addreea  before  the  Second  International  Brewers'  CongreaB,  Chicago,  UL,  OcL 
18-21,  1911. 

■  Wahl-Heniua  "  American  Handy.Jx>ok  of  the  Brewing,  Malting,  and  AiuiliaiT 
Trades,"  1908,  p.  1443. 
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The  Dortmunder  type  of  lager  beer,  with  very  light  color;  from  ioi^- 
grown,  low  kiln-dried  malt,  hop  and  malt  flavor  not  very  pronounced; 
highly  and  completely  attenuated.  Alcohol  content  about  4  to  4}  per 
cent.    From  worts  usually  above  14  per  cent  extract. 

The  American  type  of  l^er  beer,  with  a  light  color,  and  pronounced 
hop  aroma,  lesB  bitter  than  the  Bohemian,  with  a  high  d^!;ree  of  bril- 
liancy; quite  lively  and  eparkli^g.  Alcohol  content  about  3}  to  4  per 
cent.    From  worts  of  about  H  to  14  per  cent  extract. 

Ah,  with  a  light  color,  v^y  pronounced  hop  aroma,  and  bitter  taste, 
and  with  a  rather  high  percentage  of  ^cohol  and  tart  taste  in  the  aged 
product,  ^ther  lively  or  still,  and  usually  clear.  From  worts  of  about 
14  to  16  per  cent  extract. 

SUml,  with  a  very  dark  color,  malt  flavor  and  sweet  taste,  brewed  stronger 
than  ale,  and  possessing  a  tart  ta£te  in  the  aged  product,  but  less  alcohol 
than  ale;  usually  lively.    From  worts  of  about  16  to  IS  per  cent  extract. 

Porter,  with  a  dark  color,  brewed  like  stout,  but  not  so  strong. 

Weiss  Beer,  very  light  in  color,  no  pronounced  malt  or  hop  flavor, 
quite  tart,  very  lively,  but  not  usually  sparkling;   often  turbid. 

Common  and  Steam  Beer,  light  in  color,  hop  aroma  and  bitter  taste 
not  very  pronounced ;  very  lively  and  not  necessarily  brilliant. 

AH  so-called  lager  beers,  like  the  American,  Bohemian  and  Bavarian 
types,  should  possess  a  certain  degree  of  palatefulness,  and  should  draw 
with  a  creamy,  lasting  head,  which  requirements  ok  not  to  the  same 
extent  to  be  met  by  the  other  brands. 

Besides  the  above  there  are  brewed  in  America  beers  or  beer-like 
beverages  to  meet  special  requirements,  for  instance: 

Lou>~alcokol  Beers,  less  than  2  per  cent  alcohol  by  volume. 

Tax-free  beverageswhether  beer-like  or  not,5  percent  alcohol  by  volume. 

Non-alcoholic  beverages  whether  beer-like  or  not,  less  than  .1  per  cent 
alcohol  by  volume. 

Tonics,  so-called:  bottled,  and  brewed  with  a  high  percentage  of 
extract,  usually  all-malt  beers,  possessing  a  dark  color,  cither  thoroughly 
fermented  with  a  high  percentage  of  alcohol  and  comparatively  low 
percentage  of  remaining  extract,  or  imperfectly  fermented,  with  a  low 
percentage  of  alcohol,  and  high  percentage  of  remaining  extract. 

Beers  Classified.  According  to  the  system  of  fermentation  employed, 
beers  may  be  classified  as  follows: 

1.  Bottom  Fermentataon. 

a.  Pilsener 

b.  Wiener 

c.  Muenchener 

d.  Dortmunder 

e.  American  iager  beers 
/.  American  steam  beers 


German  lager  beers. 
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2.  Top  Fermentation. 
F.  Mild  ales  and  sU>ck  ales  1 
1.  Porter  [  English  beers. 

.  Stout  J 

.  Cream  ales  1 

Sparkling  ales 

Stock  ales  f  American  beers. 

Porter  and  Stout 

Common  beer  J 


3.  Spontaneous  Fermentation. 

I.  Lambic  1  n  i  ■      l 

»..  Fam.  JBetoaobeer,. 

The  inSuenee  of  the  system  of  fermentation  on  the  composition  of  the 
beer  becomes  noticeable,  especially  in  the  different  quantities  of  lactic 
acid  produced  during  fermentation  and  storage. 

Bottom  fermentation  beers  have,  as  a  rule,  less  lactic  acid  and  fewer 
bacteria  than  top  fermentation  beers;  these,  in  turn,  have  less  than 
Bpontaneous  fermentation  beers. 

Bottom  fermentation  proceeds  generally  at  a  relatively  low  tem- 
perature, viz.,  43-52"  F.,  but  also  as  high  as  45-57"  F. 

The  designation  of  the  two  types  of  fermentation  is  derived  from 
the  fact  that  in  bottom  fermentation  the  yeast  for  the  most  part  settles 
OB  the  bottom,  whereas,  in  top  fermentation,  it  rises  to  the  surface. 

Bottom  fermentation  takes  8-16  days;  top  fermentation  about 
4-5  days. 

In  spontaneous  fermentation  no  yeast  is  added  to  the  wort,  the 
fermentation  proceedii^  slowly  through  ferments  reaching  the  wort  or 
beer  accidentally. 

Preservative  Priuc^les.  The  characteristic  differences  between  the 
English  and  German  brewers'  products  (ales  and  stouts — lager  beers) 
consist  mainly  in  the  high  percentage  of  alcohol  in  the  former,  together  with 
a  latter  amount  of  hops  employed,  the  alcohol  content  of  ales  and  stout& 
running  from  about  4J  to  6  per  cent  by  weight,  that  of  lager  beer  from 
about  3]  to  4  per  cent,  that  of  weiss  beer  from  about  2}  to  3  per  cent. 
The  amount  of  hops  employed  for  ales  and  stouts  averages  over  2  lbs., 
for  lager  beers  from  J  to  1  lb.,  for  weiss  beer  less  than  i  lb.  per  barrel. 
The  larger  amount  of  alcohol  for  the  English  breweries'  product,  as  well 
as  the  larger  amount  of  hops  employed,  are  required  as  preservative 
principles,  the  alcohol  and  bop  redns  having  well-known  antiseptio 
properties,  while  the  German  breweries  employ  refrigeration  or  low  tem- 
peratures to  preserve  the  beers  in  storage  from  qjoiling  by  cheeking  the 
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growth  of  fore^  f enneata.  Weiss  beer,  which  hafi  a  relatively  low  alcc^ol 
conteot  and  is  produced  with  relatively  small  amounts  of  hopa  and  with- 
out the  application  of  refrigeration,  shows  the  influences  of  these  pre- 
servative principles,  inasmuch  as  this  product  is  made  to  contain  a  uirge 
amount  of  lactic  acid,  produced  by  the  lactic  acid  ferment,  which 
is  left  unchecked,  as  it  were,  during  the  production  of  weiss  beer. 

The  difference  in  the  process  of  production  of  English  beers  and 
lager  beers  consists  chiefly  in  the  lesser  quantity  of  materials,  both  malt 
and  hops,  employed  in  the  latter,  in  the  low  initial  mashing  temperatures, 
in  lower  fermentation  temperatures,  and  very  low  storage  temperatures 
(about  32  to  34°  F.)  and  in  the  treatment  of  the  beer  after  fermentation: 

Alee  and  slouts  undergo  a  brisk  secondary  fermentation  on  storage. 
Lager  beer  reaches  the  storage  or  stock  cellar  either  thoroughly  fermented 
and  then  undergoes  no  secondary  fermentation,  or  it  undergoes  a  slow 
secondary  fermentation,  in  which  case  the  beers  are  not  chilled  on 
storage  to  the  same  extent. 

Ales  and  stouts  that  are  stored  for  a  long  period  are  called  "  stock  "  beers. 
Those  which  are  stored  for  only  a  short  period,  undergoing  no  secondary 
fermentation,  are  called  "  mild  beers."  These  are  usually  brewed  with 
less  extract  (^K>ut  14  per  cent)  and  less  hops  th&a  stock  beers,  and  con- 
sequently will  not  keep  in  storage  for  a  prolonged  period  like  stock  ales. 

The  difference  in  the  production  of  aU  and  atout  consists  mainly  in 
the  characteristics  of  the  mdt  and  in  the  treatment  of  the  product  after 
fermentation,  ale  being  produced  from  pale,  or  low  kiln-dried  malt, 
stout  from  a  mixture  of  pale  malt,  caramel  malt,  and  black  malt. 

Stock  ale  receives,  after  fermentation,  an  addition  of  hops  in  the 
storage  cask,  whereas  stout  receives'  no  such  addition,  with  the  result 
that  ale  undergoes  a  more  brisk  secondary  fermentation  and  consequentiy 
generally  has  a  higher  percentage  of  alcohol  than  stout  of  the  same 
original  gravity  of  wort,  while  stout  contains  on  this  account  more 
extractive  substances,  aud  is  therefore  sweeter  to  the  taste  than  ate. 

Lager  beers  and  mild  English  beers  contain  considerably  lees  acidity 
than  the  English  stock  beers,  which  are  a  little  tart  to  the  taste,  on 
account  of  some  acidity  taken  up  mfunly  during  the  storage  period, 
from  ferments  other  than  culture  yeast. 

The  amounts  of  lactic  acid  in  the  different  beers, ,  and  which  may 
be  conadered  characteristic  of  the  beers,  are  as  follows: 

Weiss  beer,  about ■ 50  per  cent 

Stock  ales  and  stouts,  about 20to.30  per  cent 

Mild  ales,  about 15  to  .18  per  cent 

German  lager  beers,  about 10  to  .15  per  cent 

American  lager  beers,  about 05  to  .10  per  cent 

The  acidity  in  lager  beer  is  not  due  to  the  development  of  lactic  acid 
bacteria  during  its  production,  but  to  the  development  of  this  organism 
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during  Uie  growth  of  the  malt.  Unmalted  cereals,  which  are  generally 
employed  in  the  production  of  American  lager  beers,  contain  no  acidity, 
hence  the  low  quantity  of  acid  in  these  beers. 

Brewing  Operations  and  Equ^nnent,  Especially  for  die  Productiim 
(rf  Lager  Beer.  Beer  is  produced  fnHo  the  materials,  mainly  barley- 
malt,  hope,  water,  and  yeast,  through  the  processes  of  cleaning  and 
crushing  the  malt,  mashing  of  the  malt  (with  or  mthout  other  cereals); 
straining  or  filtering  the  resulting  solution,  which  contains  the  extractive 
substances  of  the  materials,  from  the  grains  or  insoluble  portion;  washing 
out  the  grains  with  hot  water;  boiling  titis  solution,  which  is  now  teimed, 
wort,  before  and  after  adding  hops;  straining  or  filtering  the  hopped 
wort  from  the  spent  hops;  cooling  of  the  wort;  adding  yeast  to  incite 
fermentation;  drawing  off  the  fermented  beer;  clarifying  and  giving  life 
to  the  beer;  racking  the  beer  into  trade  packages. 

Besides  these  operations,  which  more  particularly  concern  the  char- 
acter of  the  finished  product,  there  are  many  supplementary  operations 
necessary  as  precautionary  measures  to  insure  freedom  of  the  beverage 
from  taint  or  contamination  of  any  kind,  such  as  foreign  odors  or  fennents, 
by  varrmking  of  all  large  wooden  receptacles,  such  as  tanks  and  casks; 
Gaining  or  otherwise  coating  iron  vessels,  such  as  hop-jack;  pitching  the 
wooden  trade  packages,  such  as  barrels  and  kegs;  thorough  cleansing 
of  all  beer  receptacles  and  ut^isils,  aseptic  or  antiseptic  treatment  of 
all  wort  or  beer  conduits  and  of  cellar  floors,  walls,  and  ceilings  by  apply- 
ing suitable  washes,  paints  or  calcimine;  treatment  of  brewii^  fmd  boiler- 
feed  water,  etc. 

Brewing  Eqa^Koent.  The  modem  brewery  is  equipped  with  power 
and  refrigerating  plant,  while  the  brewing  operations  proper  are  carried 
out  in  three  departments,  each  so  arrai^ed  and  equipped  as  to  allow 
of  a  separate  gravity  plan  of  transfer  of  materials  in  each,  viz.,  (1) 
cleaning  and  crushing  of  malt  in  elevator  or  mill  house;  (2)  brewing  oper- 
ations in  brew  house;  (3)  cellar  treatment  in  fermenting  cellars,  stock 
cellars,  and  chip  cask  cellars.  Besides  these  there  are  provided  a  wash 
house,  the  pitch  yard,  and  in  many  breweries  the  bottling  department, 
or  the  bottlery. 

Mill  House.  This  cont^ns  elevators  and  conveyors  for  brii^i^  the 
malt  to  the  maU  storage  fnns  made  either  of  wood,  steel,  or  concrete, 
capacity  up  to  about  10,000  bushels;  malt  and  cereal  scale  hoppers  of 
steel,  round  or  square,  provided  with  conical  bottom;  wire  cloth  cleaning 
reel;  duet  a^lector;  automalic  weighing  scales;  malt  mill  to  crush  malt 
for  extraction,  provided  with  magnets  for  removing  particles  of  iron. 

Brew  Houae,  Fig.  346.  Hot  and  cold  water  tanks;  water  meter  and 
gauge.  Cereal  cookers  of  cylindrical  form  of  steel  with  t^tirrer,  usually 
heated  with  live  steam,-  maah  tun,  a  cylindrical  vessel  of  sbeet-iron  or  steel, 
supplied  with  a  removable  perforated  strainer  or  false  bottom;  also 
stirring  device  for  mixii^  malt  and  water,  a  steam  heating  device  and 
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Bpai^r  to  supply  a  spray  of  water  to  wash  out  grains,  a  battery  of  wort 
pipes  connecting  the  bottom  of  mash  tun  with  a  copper  receptacle  called 
the  grant;  maak-tun  thermometers;  safety  mask-tun  gauge  to  regulate 
flow  c^  wort;  grains  tank  of  steel  with  conical  bottom,  usually  outside 
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of  brew  house;  grains  dryer,  mash-tun  pumps.  Brew  Icettie  or  copper  in 
which  the  wort  is  collected  from  the  mash  tun  and  is  boiled  before  and 
after  hopping;  usually  pear-shaped,  provided  with  a  steam-jacketed 
bottom.  Hop-tearing  machine  and  acreeniTig  machine  to  separate  the 
valuable  ingredients  like  lupulin;  hop-jack  provided  with  perforated 
false  bottom  to  strain  out  the  spent  bops;  wort  pumps,  piston  or  centrif- 
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uga];  surface  cooler,  a  shallow  iron  or  steel  pan,  allowing  aeration  and 
evaporation,  causing  cooling.  Wort  or  beer  tank  takes  place  of  surface 
cooler;  pipe  ax^,  the  most  common  being  the  Baudelot  cooler,  con- 
usUng  of  a  series  of  pipes  arranged  in  vertical  tiers,  over  the  outdde  of 
which  the  wort  is  allowed  to  flow;  enclosed  or  doiAle  pipe  cooler  takes 
the  place  of  the  Baudelot,  consisting  of  a  series  of  tubes  forming  annular 
sleeves. 

Fermenting  Cellar,  Starting  or  settling  Ivbs  of  wood  used  as  receptacles 
in  which  to  start  fermentation  by  adding  yeast  and  in  which  the  sludge 
or  albumen,  coagulated  in  the  kettle  by  boiling,  is  separated,  usually  of 
a  size  to  hold  an  entire  brew.  Fermenting  fuis  used  as  receptacles  for 
the  beer  during  principal  fermentation;  generally  of  cedar,  holding  50 
to  100  barrels  and  more.  AUemperators,  usually  circular  pipes  or  coils 
with  circulating  brine;  suspended  and  immersed, about  2  feet  below  the 
surface  of  the  beer. 

Stock  CeUar.  Stock  or  storage  vats  or  tanks  are  used  for  holding 
beer  during  aftcr-fennentation  or  ripening  process  or  for  general  stor^e 
purpose,  usually  of  cedar,  upright,  closed  at  the  top,  capacity  from  50 
to  over  1000  barrels;  cylindrical  glass  enameled  steel  vessels  are  also 
used.  Vol  supports  consisting  of  rails  supported  by  cast-iron  legs. 
Manhole  doors,  either  outside,  closed  by  lugs,  or  openii^  inward,  placed 
near  bottom  of  vats. 

Chip  CeUar.  Chip  casks  in  which  clarifying  and  carbonatjng  take 
place,  generally  built  of  quarter-sawed  oak,  usually  barrel-shaped,  the 
large  dimensioned  ones  reinforced  by  iron  rods;  also  steel  construction. 
Attemperators  for  chip  casks  are  often  used,  especially  in  the  production 
of  chill-proof  bottle  beer.  Cask  manhole  doors;  cask  supports.  Bunging 
apparattts  for  maintaining  a  certun  pressure  on  the  surface  of  the  beer 
in  the  chip  cask  and  releasing  an  over-pressure.  Beer  filters  are  used 
for  the  purpose  of  straining  out  of  the  beer  any  floating  particles,  such 
as  yeast  or  albumen.  Wood  pulp  or  cotton  serves  as  the  filtering  material, 
which  is  compressed  into  cakes  or  cells  placed  in  a  suitable  copper  or  steel 
shell.  Pressure-regulating  pumps,  which  allow  any  desired  pressure  to 
be  put  on  the  beer  passing  through  the  filter  on  its  way  from  cliip  cask 
to  racking  benclT,  thus  reducing  necessary  pressure  on  beer  in  chip 
cask,  and  strain  caused  thereby.  Back-pressure  racking  machine,  intro- 
duced to  prevent  loss  of  gas  and  do  away  with  beer  overflow,  entailed 
by  old  open-style  or  racking-gut  system.  The  beer  enters  1to>ugfa  a 
tube  inserted  throi^h  the  bunghole  of  t^e  package,  fitting  aiivtight, 
and  permitting  the  filling  of  package  against  counter  pressure.  Car- 
bonaters,  used  for  the  purpose  of  chai^ng  stock  beer  with  cartxAlio  acid 
gas,  usually  while  the  beer  is  passing  from  the  chip  cask  to  filter. 

Wash  Hoitse.  Where  returned  empty  packages  are  washed.  Attto- 
matlc  barrel  tnashers  soak,  convey,  scrub,  and  rinse  the  packages  with 
little  labor.    Barrel  elevcUora  to  rai^  SU^cl  packages  from  one  floor  to 
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another  or  to  the  loading  platform.  Chip  waaher,  a  perforated  revolving 
device  for  washing  chips.  Filter-maas  vxuher,  a  vessel  in  which  the 
filter  masB  is  washed  by  agitation  and  flowii^  water.  Hoop-drwing 
Tnachine,  packing  matMne  and  apj^ianoes,  to  apply  a  coat  of  intch  to 
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the  interior  surface  of  the  barrels  or  wooden  trade  packages,  to  prevent 
penetration  of  wood  by  beer  and  consequent  souring  or  infection.  Dif- 
ferent systems  are  employed.  The  old  pitch  is  usually  removed  by 
superheated  steam  or  hot  air  and  fresh  pitch  is  introduced  either  in 
measured  quantity,  or  by  means  of  a  spray,  the  surplus  returning  to  the 
pitch  kettle. 
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Botding  nant  The  increaHag  demand  for  bottle  beer  in  all  parta 
(tf  the  United  States  has  resulted  during  the  last  ten  years  in  the  estab- 
lishment of  a  large  number  of  new  bottleries,  palatial  as  to  mf4putude 
of  establishment  and  expense  of  equipment  typical  of  the  technical 
advancement  made  during  that  period. 

General  Arrangement.  This  must  be  done  with  an  eye  to  economy 
and  thoroughness.  There  should  be  absolutely  no  useless  or  double 
handling  of  any  bottle  or  case,  and  benches  or  machines  should  be  so 
placed  in  relation  to  each  other  that  they  form  an  unbroken  line  from 
the  dirty  returned  botUe  to  the  ct^ped  and  labeled  bottle  in  the  case 
for  delivery. 

The  bottles  are  first  soaked  with  caustic  soda  or  other  mmilar  solution 
in  a  soaking  device  (tank  or  machine),  from  which  th^  are  run  through 
the  washing  and  rinang  machine.  They  are  then  filled  on  a  filliog  machine 
and  closed,  generally  with  crowns,  but  also  with  corks  or  other  closures, 
after  which  they  are  inspected,  sterilized,  generally  by  passing  through 
a  pasteurizing  machine,  and  finally  labeled,  or  otherwise  finished,  and 
packed  in  cases  or  barrels. 

In  lai^e  establishments  the  filling  from  barrels  carted  to  the  bottlery 
across  the  public  highway — as  required  by  law^ — has  been  generally 
replaced  by  filling  from  government  tanks,  coimected  by  pipe  line  from 
the  chip  casks  directly.  Here  the  casks  or  tanks,  placed  in  a  separate 
refrigerated  room  under  the  bottle  shop,  are  filled  and  gauged  under 
control  of  a  government  inspector. 

Equipment.  BoUle-soaking  tanka  usually  divided  into  compartments 
through  which  the  bottles,  by  means  of  endless  chains,  are  carried,  filling 
and  emptying  automatically  with  solutions  of  soda,  and  finally  water. 
Washing  and  rinsing  machines  for  thoroughly  cleansing  the  bottle  inside 
and  outside.  BoUle  fiUers,  bottle-closing  machines  for  cork,  patent  stopper^ 
crown,  or  seal.  Pasteitrieing  tanks  or  machines,  with  autoomtic  temper- 
ature r^ulators,  containing  hotr-water  baths  in  which  the  bottles  are 
immersed  or  through  which  they  are  carried  by  endless  chains  in  ord^ 
to  be  sterilized,  the  temperature  of  tiie  pasteurizing  bath  being  maintained 
at  approximately  140°  F.  Labeling,  dating,  mring  machines.  Accessories: 
tin-foil  removers;  cork  extractors;  steaming  caps;  steaming  trays  or 
bones. 

Power  Rant.  The  consumption  of  fuel  in  the  power  plants  of 
breweries  is  an  important  economic  question  and  is  receiving  more  expert 
attention  of  late.  Breweries  are  therefore  found  that  engage  the  best 
technical  engineering  talent  and  install  the  most  efficient  and  up-to-date 
appliances  for  the  production,  transmission  and  apphcation  of  power 
for  heating,  lighting,  cooling,  and  ventilating. 

The  boiler  plant,  with  its  automatic  stoker  system;  the  maehifie 
room,  with  its  steam  ei^nes,  refrigerating  machmes,  air  compresaora, 
dynamos,  or  motor  generators  for  furnishing  power  and  electric  ouirent 
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for  pumps,  conveyors,  stirrers,  for  arc  and  incandescent  lampe;  venti- 
lators, etc. 

Refrigerating  Plant  In  the  production  of  lager  beers  Lov  cellar 
temperatures  are  necessary.  These  were  formerly  obtained"  by  employ- 
ing ice  for  cooling  the  rooms,  but  a  refi^erating  plant  is  now  part  of 
every  well-equipped  brewery.  This  plant  includes  the  refrigerating  machine; 
the  piping  with  condensers  and  pan;  Baudelot  cooler;  enclosed  coolers, 
attemperators  in  fermenting  vat£  and  chip  casks.  The  rooms  to  be  cooled 
are  the  settling  tank  room,  fermenting  room,  stock  cellar,  cbip  cask  cellar, 
racking  room,  hop  storage  room,  ice  storage. 

R^rigerating  machines  used  in  breweries  are  of  the  compression 
order,  the  process  being  practically  the  same  for  all  types,  the  principle 
beii^  based  on  the  ability  of  certain  gases,  usually  ammonia,  but  also 
carbomc  acid  and  others,  to  become  liquid  by  compression  and  cooling, 
usually  by  water  which  absorbs  and  carries  away  the  heat  (in  the 
condenser);  and  the  iJ>ility  of  these  gases  to  evaporate  at  temperatures 
required  in  the  cooling  pipes  or  coils,  thereby  abstracting  heat  from  the 
surrounding  air  or  liquid,  thus  lowering  their  temperature. 

&««ing  Materials.  The  materia  commonly  employed  wherever 
beer  is  produced  are  hops,  malt,  and  woier.  Ib  some  countries,  like 
Ekigland,  sugars  and  other  adjuncts  are  used  in  part  with  malt;  in  the 
United  States  com  is  commonly  employed  besides  rice  and  sugars.  In 
Germany  the  employment  of  any  substitutes  for  or  adjuncts  to  malt  is 
prohibited.  Barley  is  the  distinctive  cereal  that  furnishes  malt,  the 
exception  being  wheat  used  for  weiss-beer  malt. 

MaU  and  Cereals.  Mali  is  produced  from  bariey  by  the  processes 
of  cleaning,  steeping  in  water,  germinating  on  the  floor  or  in  compart- 
ments or  drums,  kiln  drying. 

Properties  of  MaU.  The  berries  should  be  of  uniform  sue  and  shape; 
husk  and  endosperm  of  light  color  for  pale  beers;  it  should  be  free  from 
other  grain  like  wheat  or  oats,  or  seeds  like  mustard,  rape;  odor  aromatic, 
not  musty;  growth  uniform  with  about  90  per  cent  of  acrospire  three- 
quarters  up;  condition  of  endosperm  mellow,  not  flinty;  laboratory 
yield  on  dry  basis  about  72  to  74;  moisture  content  not  over  6  per  cent, 
lest  slackness  ensue;  strong  diastatic  and  peptic  power  for  proper  inver- 
eion  cf  starch  and  albumen;  bushel  weight  not  less  than  34  nor  more 
than  38  lbs. 

Com  is  employed,  with  germ  and  husk  more  or  less  removed,  in  the 
form  of  grits  or  meal  in  a  separate  cooker  or  in  the  form  of  flakes  in  the 
maah-tun;  rice,  either  broken  or  as  meal,  in  the  cooker;  wheat  in  flaked 
condition  in  the  maah-tun  or  crushed  (by  means  of  malt  mill)  in  cooker. 

MaU  yields  about  64  to  70  per  cent  (tf  extract  in  the  brewery,  of 
which  4  to  5  p^  cent  are  albuminoids;  rice  about  75  to  80  per  cent, 
com  about  75  to  78  per  cent;  wheat  about  65  to  70  per  cent,  of  which 
2  to  3  is  albumen;  rice  and  com  yield  practically  no  albumen. 
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The  employment  of  umnalted  cereals  like  rice  and  corn  t^ers  a  num- 
ber of  advantages.  They  can  generally  be  obtained  at  a  lower  price 
and  yield  more  extract  than  malt.  They  lend  themselves  bettel"  to  the 
production  of  beere  of  Bohemian  or  Vienna  types  than  all  malt,  because 
American  malt  generally  yields  more  albumen  to  wort  and  beer  than 
European  malts,  due  to  higher  albumen  content  of  American  barley  ot 
Manchuria  type.  American  all-malt  beers  are  therefore  apt  to  be  more 
satiating  than  Bohemian  beers  with  their  lower  albumen  content. 
The  resultant  beers  are  of  paler  color,  of  greater  stability  when  pas- 
teurized, and  their  brilliancy  less  affected  by  low  temperatures. 

The  employment  of  wheat  may  not  be  more  economical,  nor  are  the 
wheat  beers  more  stable  or  less  sensitive  to  low  temperatures  than  all- 
malt  beers.  They  have  a  peculiar  palatefulness  that  recommends  them 
in  some  localities. 

Commercial  glucose  and  other  brewing  sugars  are  prepared  from  the 
starch  of  corn  through  inversion  by  acids  at  high  heats  (tmder  pressure). 
They  contain  dextrose  and  dextrin  in  varying  quantities. 

Other  Adjuncts.  Dark  malta.  For  preparing  a  beer  of  dark  color' 
a  malt  may  be  used  which  has  been  subjected  to  special  treatment  in 
the  kiln,  so  as  to  ac4)uire  a  dark  color,  such  aa  caramel  malt,  the  husk 
of  which  is  yellowish  brown,  while  the  endosperm  has  a  decidedly  brown 
color.  In  its  preparation,  ordinwy  malt  of  good  quality  is  steeped  fw 
a  while,  so  as  to  take  up  a  certain  amount  of  moisture.  It  is  then  dried, 
and  heated  in  suitable  vessels,  first  to  a  comparatively  low  temperature, 
in  order  to  promote  the  formation  of  sugar,  and  later  to  higher  tempera* 
tures  at  which  the  sugar  is  caramelized.  Black  malt  is  dried  at  higher 
temperatures,  so  that  both  the  husk  and  the  endosperm  possess '  a 
blackish-brown  color.  It  does  not  have  the  pleasant  caramel  taste  ot 
caramel  malt.  The  coloring  power  is  very  great.  Malt  color  is  an 
extract  of  black  malt,  filtered  and  evaporated  to  a  syrupy  consistency. 
Roasted  com  is  prepared  from  com  In  the  same  manner  as  black  malt 
from  barley,  i.e.,  by  heating  to  higher  temperatures.  Its  coloring 
power  equals  that  of  black  m&lt. 

Hops.  Hops  as  they  are  used  in  the  brewery  are  cone-shaped  forma- 
tions, representing  clusters  of  blossoms  of  the  female  hop  plant.  From 
forty  to  mxty  Bowers  are  grouped  together  on  a  c^itn^  spindle  which  is 
zig-zaig  shaped,  forming  a  so-called  hop  cone  or  the  umbel  of  the  bop. 

At  the  time  of  maturity,  the  seed  of  the  hops  and  the  whole  lower  and 
inner  parts  of  the  bracts  are  covered  with  a  fine  light-yellow  dust  consisting 
of  minute  granules  of  lupulin,  which  contun  both  the  bitter  and  aromatic 
principles  of  the  ho^ffi,  viz.,  the  hop  oils  and  resins,  beddes  hop  taniun.  hop 
bitter  acids,  hop  wax,  nitn^^ous  bodies,  carbohydrates  and  mineral  sub- 
stances, an  enzyme  (diastase)  which  is  of  special  importance  in  ale  brewing. 

Up  to  1808  hop  culture  remuned  confined  to  three  New  England 
States,  Massachusetts,  Vermont  and  Maine.    Later  the  bops  from  New 
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York  State  were  found  not  only  superior  in  qualffy,  but  tliree  times  as 
prolific.  About  1860,  small  patches  were  planted  to  hops  in  Wisconsin 
and  Michigan  but  by  1880  hop  cultivation  was  well  introduced  in 
California,  Oregon,  and  Washington,  which  States,  together  with  New 
York,  now  furnish  the  hops  for  the  American  market,  while  large  quantities 
are  also  exported. 

Water.  A  good  bremTig  loaier  should  be  clear,  bacteriologically  pure 
(uncontaminated  by  sewage),  free  from  odor  or  taste;  moderately  hard, 
with  a  moderate  amount  of  sulphate  of  lime,  and  common  salt,  free  from 
iron  and  alkali.  Such  water  is  also  adapted  for  malting;  for  washing  of 
tanks,  bottles  and  barrels,  filter  m&ss;  for  watering  yeast,  and  dissolving 
idnglass.  For  the  steam  boiler  the  softest  water  is  the  best  if  free  from 
odor;  for  cooling  it  should  be  free  from  acids  and  not  too  hard. 


Fig.  348.— Hop  Cooa  (Unripe  Stage).  Fia.  M9.— Hop  Com  (Ripe  Stage). 

If  water  does  not  come  up  to  requirements  it  may  be  improved  by 
filtration,  by  boilmg,  by  hardenii^,  by  supplying  deficient  mineral  matter 
(Burtonizing)  especially  practiced  in  ale  brewing;  by  softening  and  by 
purification. 

Varnish.  Wooden  vessels  in  the  brewery,  like  starting  vats,  ferment- 
ing vats,  stock  tubs,  and  chip  casks,  are  varnished  for  the  purpose  of  pre- 
venting Miy  extractive  matters  that  may  remain  in  the  wood  from  getting 
into  the  b^r.  At  the  same  time  the  varnish  prevents  the  beer  from  pene- 
trating into  the  pores  of  the  wood  where  it  would  sour  and  become  a  source 
of  infection  that  would  subsequently  attack  the  beer  run  into  the  vessel. 
The  most  common  vamiah  is  a  solution  of  shellac  in  special  denatured 
grain  alcohol;  raw  wood-alcohol  is  extremely  poisonous. 

Pitch.  Trade  packages  are  internally  covered  with  a  coat  of  pitch 
for  «milar  purposes  to  those  which  lead  to  varnishing  storage  casks,  etc., 
i.e.,  to  prevent  the  beer  from  coming  into  contact  with  the  wood.  Ordinary 
brewers'  pitch,  most  commonly  used,  is  the  purified  reain  of  certwn  conif- 
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erous  trees,  aa  pines,  %rs,  called  turpentine.  The  resulting  colophony 
is  softened  or  made  pliable  by  melting  with  some  roein  oil,  cotton-seed 
oil  or  parafBn. 

Clarifying  Chips  are  used  at  the  expiration  of  the  storage  period; 
these  being  strips  of  wood,  usually  beech  or  maple,  6  to  12  ins.  In 
length,  with  a  thickness  one-twelfth  of  an  inch.  They  should  be  well 
seasoned  and  carefully  boiled  out. 

Isinglass  for  beer  clarificatioa  is  derived  from  fish  sounds,  or  hide  of 
the  calf,  containing  gelatine  as  active  principle. 

Brewing  Operations.  Brewing  operations  proper  include  all  operations 
conducted  in  the  mill  and  brew  house,  viz.,  cleaning  and  crushing  the  m^ts; 
mashing;  strunii^;  boiling  before  and  after  hopping;  hop  struning; 
cooling. 

Mashing  Systems.  Different  methods  of  applying  temperatures  to 
a  mash  supply  the  following  systems:  * 

1.  Infusion  or  water  mash:    English  beers.    High  initiid  temper- 

atures. 

2.  Decoction  or  thick  mash:    German  lager  beers.    Low  initial 

temperatures. 

3.  Malt  infusion  and  immalted  cereal  decoction  mash:  American 

lager  beers.    Low  initial  temperatures. 

By  the  infusion  method  the  mash  is  brought  to  its  final  temperature  by 
the  admixture  of  water  of  suitably  high  temperature.  By  the  decoction 
method,  part  of  the  mash  itself  is  raised  to  a  boil  and  then  returned  to 
the  mash  tun.  The  uimialted  grain  is  boiled  separately  with  some  malt 
and  run  into  the  malt  mash  to  produce  the  final  temperature. 

American  Brewing  Operatfons.  Cleaning  and  crushing  the  malt 
in  a  roller  mill;  mixing  the  grist  with  water,  approximately  100  lbs.  of 
malt  per  barrel,  at  100°  F.,  in  the  mash4un,  which  contuns  false  bottom 
and  stirrer;  holding  the  mash  here  for  peptic  action  for  about  one  hour; 
when  boiling  hot  rice  or  com  mash  or  hot  water  is  run  in,  rusing  temper^ 
ature  to  about  154°  F.,  maintaining  this  temperature  for  about  15  minutes 
for  diastatic  action,  and  raiedng  to  final  temperature  of  about  165"  F. 
in  15  minutes,  resting  the  mash  about  30  to  45  minutes;  tapping;  strain- 
ing, when  clear,  into  kettle;  sparging  the  gruns  left  in  mash-tun  with 
water  of  165"  F.  until  thoroughly  extracted;  boiling  wort  in  ketBe  before 
addition  of  hops  for  about  one  hour,  and  one  hour  more  with. hops;  running 
brew  into  hop-jack,  struning  out  the  hops;  pumping  wort  to  wort 
lank,  running  over  Baudelot  cooler  into  fermentation  starting  vat,  where 
it  is  yeasted.  Rice  or  com  are  generally  mashed  in  a  separate  cooker 
together  with  a  part  of  the  malt,  and  when  boiled  sufficiently  long  the 
mash  is  united  with  the  malt  mash  in  the  mash-tun. 

American  Lager  Beer.  Pale  Lager  Beer.  Strength  of  wort,  12  to 
13  per  cent  extract.     Material,  50  to  55  lbs.  per  barrel,  of  which  about 
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two-thirds  should  be  pale  malt  and  one-third  may  be  unmalted  cereals, 
like  com  srits,  com  meal,  com  Sakes,  com  starch  or  rice.  Sugars  hke 
glucose  may  also  be  employed  to  the  amount  of  about  25  oer  cent  in  place 
of  unmalted  cereals. 

Malt  Beers  are  brewed  with  12  to  IS  per  cent  extract,  and  require 
50  to  60  lbs.  of  malt  per  barrel. 

Pale  Drav^kt  Lager  Beers  should  be  brewed  with  12  to  13  per  cent 
extract,  and  require  from  45  to  53  pounds  of  material,  of  which  twelfths 
may  'be  unmalted  cereab.  < 

Pale  Bottled  Lager  Beers  should  be  brewed  with  12J  to  13J  per  cent 
extract,  and  require  from  52  to  60  lbs.  of  material,  three-fifths  of  which 
may  be  malt  and  two-fifths  unmalted  cereals. 

Temperance  Beers  are  brewed  with  about  7  to  8  per  cent  extract. 

Majt  Tonics  are  brewed  with  about  15  to  18  per  cent  extract. 


Flo.  350.— Maah-tun  and  Apparatus. 

Principles  of  Mashing.  Mashing  is  the  process  of  extracting  the  goods 
by  mixing  them  with  water  at  suitable  temperatures  and  in  proper  relative 
quantities,  preparatory  to  boiling  in  the  kettle. 

Chemically  it  proceeds  in  the  main  by  the  inversion  of  the  starch  into 
maltose,  malto-dextrin,  and  dextrin,  and  the  modification  of  the  insoluble 
albuminoids  into  a  soluble  form.  These  changes  are  brought  about  by 
the  agency  of  two  substances  which  are  contained  in  the  malt,  and  be^n 
operations  when  the  malt  is  mixed  with  water  at  definite  temperatures. 

These  substances  ^re  called  diastase  and  peptase.  They  were  formerly 
called  chemical  ferments  as  distinguished  from  the  organic  ferments  which 
are  responsible  for  fermentation.  At  the  present  day  the  term  enzymes, 
or  soluble  ferments,  is  more  commonly  applied  to  them.  It  is  the  function 
of  the  diastase  to  invert  the  starch,  of  the  peptase  to  modify  the  albu- 
minoids of  malt,  as  above  indicated. 
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The  amounts,  both  absolute  and  relative,  of  dextrin,  maltodextriu 
and  maltose,  as  well  as  of  the  modified  albuminoids  Uke  albumoses,  pep- 
tones and  amides,  finally  present  in  the  wort,  are'  materially  affected  by 
the  conditions  under  which  the  enzymes  do  their  work.  Hence,  it  is  in 
the  power  of  the  brewer  to  control  the  composition  of  the  wort,  within 
certain  limits,  by  modifying  such  conditions. 

It  generally  being .  desirable  to  obtun  beers  with  a  high  d^;ree  of 
palatefuhiess  aad  foam  stability,  properties  dependent  in  the  m^  upon 
the  amount  of  unfermentable  extractive  substances  left  in  the  beer,  among 
which  there  should  be  a  sufficient  amount  of  the  desirable  albumiooids 
or  proteids,  the  mash  is  generally  peptonized  at  low  temperatures,  for 
instance  100°  F.,  for  about  one  hour,  while  the  starch  is  inverted  at  higher 
temperatures,  for  instance,  for  fifteen  minutes  at  154°  F.— slowly  raising 
to  165-166°  F. — the  latter  usually  being  the  final  mashing  temperature. 
The  peptonizing  enzyme  "  peptase  "  is  moat  active  at  about  100-120°  F.; 
diastase  at  about  140-154°;  over  170°  the  diastase  becomes  very  weak. 

MaU  contains  diastase  in  quantities  sufficient  to  convert  into  maltose 
more  starch  than  that  which  is  stored  up  in  the  malt  itself^  and  American 
malts  on  an  average  possess  a  much  greater  diastatic  strength  than  German 
malts;  in  fact,  their  power  in  this  respect  is  so  great  that  there  is  danger 
of  carrying  saccharlfication  too  far,  if  the  mashing  temperatures  that  are 
customary  in  Germany  were  retained.  Hence,  the  principles  of  raw 
cereal  brewing  became  the  subject  of  closer  study  in  this  country. 

Water.  The  amount  of  water  to  be  employed  in  the  production  of 
100  barrels  of  wort  or  about  100  barrels  of  beer,  is  approximately 
135  barrels.  Some  of  the  water  employed  b  left  in  the  grains  (about  20 
barrels),  some  is  evaporated  in  boiling  (about  10  barrels),  some  is  evaporated 
on  the  Baudelot  cooler  (about  5  barrels). 

With  grUs  and  meal  use:  For  100  lbs.  of  material  in  rice  tub,  1  barrel 
of  water;  for  100  lbs.  of  com,  30  lbs.  of  iaalt.  Boil  grits  75  minutes, 
meal  45  minutes. 

While  the  mash  machine  is  in  operation,  a  slow  stream  of  water  should 
be  forced  continually  through  the  underlet  (pfaff)  to  keep  opening  clear; 
also  directly  after  stopping  machine  after  reaching  mashing-off  tem- 
perature. 

Live  Steam  can  be  employed  directly  for  heating  the  mash,  if  the 
water  used  for  boiler  feeding  b  of  good  or  medium  purity,  i.e.,  if  it  does 
not  impart  to  the  steam  any  obnoxious  substances.  Care  should  also 
be  taken  in  the  selection  of  a  proper  boiler  compound  for  the  same  reason. 
Instead  of  heating  with  live  steam  the  mash-tun  may  be  provided  with 
a  steam  jacket  or  coil.  When  the  end  temperature  b  reached,  a  sample 
of  the  mash  should  not  show  any  starch  by  the  iodine  test. 

Let  the  all-malt  mash  rest  thirty  minutes  and  the  cereal  mash  forty- 
five  minutes.  If  allowed  to  remain  standii^  too  long  the  grains  will 
settle  too  firmly. 
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Tapping.  Open  the  taps  wide,  one  by  one,  for  a  few  seconds,  and 
close  them  t^ain;  the  recoil  of  the  liquor  will  rinse  out  underdough.  Then 
open  the  taps  gradually  until  a  proper  flow  of  wort  is  obtained.  Pump 
the  wort  back  into  the  mash  tub  as  long  as  it  runs  turbid,  which  usually, 
lasts  eight  to  fifteen  minutes.     The  wort  should  then  flow  quite  bright. 

Sparging.  This  process  consists  in  sprinkling  hot  water  over  the 
grains  to  wash  out  as  much  as  possible  of  the  valuable  constituents  remain- 
ing in  them.  The  amount  of  sparging  water  should  be  considered  when 
starting  the  mash,  with  reference  to  the  total  amount  of  wort  desired. 

Boiling  the  Wrat     The  wort  obtained  by  mashing  is  boiled  for  a  certain 
period  for  the  purpose  of  eliminating  or  rendering  harmless  certain  undesir* 
able  constituents,  like  coagulable   albuitiinoids,   and  introducing  other 
new  bodies,  like  hop  resin  and  hop  oil,  by  extraction  from  the  bops.    Besides^ 
during  heating  and  boiling  the  wort  assumes   a   darker  shade,   due   to 
caramelization  of  the  sugars;  water  evaporates,  resulting  in   a  denser 
liquid,  and  the  tannic  acid  of 
the  hops  coagulates  an  addi- 
tional quantity  of  undesirable 
albumen,  this  coagulation  aid- 
ing in  clarifying  the  wort  and 
cau^ng  it  to  "  break." 

In  the  United  States  the 
wort  is  generally  heated  by 
steam  jackets  and  sometimes 
by  steam  coils,  direct  fire 
kettles  having  gone  quite  out 
of  use.  Steam  is  turned  on 
when  the  wort  flowing  from 
the  mash  tub  covers  the  heat-  - 
ing  surface  in  the  copper, 
and  the  temperature  kept  at 
about  190°  F.  (70°  R.)  until 
all  the  wort,  including  sparg- 
ings,  has  run  in.  Unless  very 
pale  beer  is  desired,  the 
brewer   may  bring   the  wort 

to  a  boil  while   it  is  flowing  p,o  361.— Brew-kettle, 

in.     During  the  boiling  period 
the  wort  should  be  kept  in  a  state  of  vigorous  ebullition. 

Straining.  From  the  copper,  the  wort  runs  into  the  hop-jack,  where 
it  b  allowed  to  stand  for  a  period,  to  permit  the  hops  and  albuminoids  to 
settle. 

The  wort  should  not  be  allowed  to  rest  longer  than  fifteen  minutes, 
as  a  dark  color  or  rank,  bitter  taste  may  result  if  wort  ia  left  in  contact 
with  hops  too  long.    The  hop- jack  is  provided  with  a  false  bottom,  through 
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which  the  wort  is  dnuned  into  a  pump  that  delivers  it  to  the  coolers. 
The  hops  reauuning  on  the  false  bottom  are  sparged  with  hot  water  to 
wash  out  the  wort  they  cont^n.  If  the  wort  remains  in  hop-jack  very 
.long,  or  if  the  spent  hops  are  pressed  out  to  obtain  the  wort,  a  rank  bitter 
taste  of  the  beer  is  apt  to  result. 

Cooling.  The  wort  reaches  the  surface  coder,  a  large,  shallow  iron 
pan,  and  remuns  here  a  short  period  for  the  purpose  of  preUminfuy  cool- 
ing. The  wort  should  be  cooled  to  145°  F.,  and  not  lower,  on  the  surface 
cooler,  and  receive  proper  aeration  during  cooUng,  avoiding  all  sources 
of  contamination  in  the  meantime.  Aeration  of  the  wort  during  coohng 
has  the  effect  of  further  precipitating  undesirable  albuminoids.  Besides, 
the  wort  absorbs  air,  which  is  \itilized  by  the  yeaat  later  on.  Most  of 
the  microbes  that  reach  the  wort  below  145°  F.,  will  renuuii  alive,  the  most 


^ 


Fio.  352.— Baudelot  Cooler. 


common  ones  being  butyric  and  lactic  acid  ferments  and  wild  yeasts. 
Instead  of  a  surface  cooler,  a  wort  tank  is  more  frequently  employed. 

Baiiddot  Cooler.  After  the  preliminary  cooling  the  wort  is  sent  over 
the  Baudelot  cooler,  where  it  should  be  cooled  down  to  48°  F.,  which  ia 
sufficiently  low.  Formerly  it  was  a.  general  rule,  however,  to  cool  the  wort 
to  as  low  a  temperature  as  42°  F.  The  Baudelot  cooler  is  a  pipe  cooler, 
in  two  sections,  the  upper  one  cooled  by  water,  the  lower  one  by  brine  or 
ammonia.     The  wort  runs  down  over  the  outside  surf ac^  of  the  pipes. 

Endosed  Cooler.  These  have  been  taking  the  place  of  the  fonner  in 
many  breweries  of  late.  The  wort  circulates  through  a  pipe  system  and 
is  cooled  through  a  counter  current  of  water  until  it  reaches  the  brine  or 
ammonia  section.     Artificial  aeration  must  be  provided. 

Cdd  Break.  After  the  wort  leaves  the  coolers  it  should  show  a  good 
"  cold  break,"  that  is,  it  should  settle  clear  in  the  sample  glass  at  a  temper- 
ature below  40°  F.,  or  filter  clear.  If  it  does  not,  the  turbidily  may  be 
due  to  imconverted  starch,  to  albumen,  or  to  infection. 
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Lorn  in  Volume.  A  certain  loss  in  volume  will  occur  on  the  passage 
of  the  wort  from  kettle  to  settlii^  tank,  due  to  (1)  contraction  in  cooling, 
about  4}  per  cent;  (2)  evaporation  of  water,  about  5  per  cent;  (3)  adhetdon 
of  liquid  to  surfaces  of  vessels,  pipes,  etc.,  about  \  per  cent.  When  hops 
are  properly  sparged  it  will  take  about  107  barrels  of  wort  in  the  kettie 
to  obtain  100  barrels  in  the  cellar. 

Fermenting  Cellar  OperatiMis.  PiUhing  with  yeaet.  Fermentation 
is  induced  in  the  wort  by  adding  yeast  properiy  prepared,  which  opera- 
tion is  termed  "  pitching."  The  conmion  practice  is  to  mix  the  yeast  with 
an  equal  quantity  of  finished  wort  or  boiled  irti  wort  of  about  65--€0° 
F.,  "rouse  well  to  insure  aeratifm  and  breaking  up  of  cell  aggr^ations, 
transfer  to  settling  tank  when  the  mass  is  in  fennentation,  mixii^  with 
it  the  wort  as  the  latter  runs  from  the  cooler. 

A  Tn&UTil  of  Yeaat.  The  amount  of  yeast  needed  to  secure  a  normal 
fermentation  is  from  J  to  1)  lbs.  per  barrel;  the  lesser  quantities  sufficing 
with  lesser  densities  of  wort,  greater  yeast  vigor,  better  aeration. 

Fermentation  Phenomena.  Within ,  fifteen  to  twenty-four  hours, 
according  to  the  pitching  temperature,  little  white  bubbles  appear  around 
th<t  Bides  of  the  vessel.  The  beer  at  this  time  is  covered  with  a  dark  head 
of  a  thick  consistency,  composed  largely  of  albuminoid  matter,  coagulated 
during  the  boiling  period  (sludge).  The  head  of  impurities  being  skimmed 
off,  tBe  whole  surface  is  found  to  become  quickly  covered  with  a  fine  white 
froth  ("  whitening  over  "),  rather  higher  around  the  rim  than  in  the  middle, 
denotii^  that  carbonic  acid  gas  is  escf^ing  through  the  fennentation  of 
the  sugu'  (maltose). 

Kraeuaen.  The  head  of  froth  begins  to  move  from  the  sides  of  the 
vessel  to  the  middle,  and  assume  a  frizzled  appearance,  ranall  cockle-shaped 
mounds  beginning  to  rise  all  over  the  surface.  At  the  expiration  of  twenty 
to  thirty-fflx  hours  after  pitehing,  the  surface  should  be  curly  and  pure 
white  ("  young  kraeusen ").  From  the  time  the  froth  head  begins 
to  move  toward  the  middle,  fermentation  becomes  more  active,  the  head 
rising  all  the  time  ("  high  kraeusen  ").  At  the  same  time  the  temperature 
rises,  slowly  at  first,  more  rapidly  as  the  activity  of  fermentation  increases, 
while  the  saccharometer  indication  or  density  decreases  more  rapidly, 
the  drop  amounting  to  one-fourth  to  one-half  of  one  per  cent  a  day  in  the 
eiarly  part,  and  reaching  one  to  one  and  one-half  toward  the  high  kraeusen 
stage.  The  curly  head  of  froth  turns  a  darker  color  while  rising  in 
height. 

The  high  kraeusen  stage  is  reached  seventy  to  eighty  hours  after 
jHtching  and  is  mfuntained  for  a  period  of  forty-eight  to  seventy-two 
hours,  varying  according  to  difT^ent  influences.  During  this  time  the 
fermenting  beer  is  kept  at  a  certain  low  temperature,  48  to  50°  F.,  and 
as  high  as  58°  F.,  by  means  of  attemperators,  and  when  the  head  begins 
to  collapse  ia  cooled  slowly  to  39°  F.  The  saccharometer  falls  more  slowly 
as  the  end  of  the  principal  fermentation  draws  near.    When  the  end  is 
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reached,  the  fall  of  the  saccharometer  is  commonly  1*7  to  ^  per  cent 
in  twenty-four  hours. 

The  yeast,  which  had  been  kept  in  suspension  durii^  fermentation 
through  the  escape  of  carbonic  acid  gas,  should  now  be  found  settled  od 
the  bottom  of  the  fermenter;  the  amount  being  about  three  to  four  times 
the  quantity  used  for  pitching. 

Sample  Glass.  In  a  sample  glass  the  beer  should  show  quick  sedi- 
mentation and  clarification  in  about  twenty-four  hours  at  cellar  tem- 
perature. 

Yeaat  Properties.  Yeast  has  a  thick,  stiff  pasty  consistency,  not 
watery  or  slimy,  a  yellow  to  brownish  color,  a  bitter  taste  due  to  hop- 
resin,  and  a  characteristic  odor. 

It  consists,  for  the  most  part,  of  single  cell  organisms  of  the  claaa 
saccharomyces  and  species  cerevisite.  Yeast  mechamcally  encloses  a 
lai^  amoimt  of  water  or  beer — about  50  per  cent — ^through  which  are 
dispersed  minute  bubbles  of  carbonic  acid  gas,  that  escape  when  the  yeast 
is  stirred,  emitting  a  rustling  sound.  After  the  beer  has  run  from  the 
fermenter,  the  yeast  sediment  should  be  quite  firm  and  thick.  However, 
unless  an  absolutely  pure  culture,  every  yeast  has  an  admixture  of  foreign 
organisms,  as  bacteria,  wild  yeasts,  and  mycoderma.  All  these  impur- 
ities may  be  classified  as  "  potentially  dangerous." 

Yeast  Type.  The  course  of  the  fermentation  as  performed  by  the 
yeast  depends  not  only  on  the  vitality  and  environment  of  the  yeast, 
as  age  of  yeast,  temperature,  aeration,  composition  of  nutritive  medium, 
presence  or  absence  of  other  organisms,  but  also  upon  the  type  of 
yeast  employed,  which  may  be  distinguished  by  differences  in  properties 
possessed,  or  effects  produced  by  them. 

Types  of  cultivated  yeast  are  distinguished  by  differences  in  the  fol- 
lowing properties  possessed,  or  effects  produced,  by  them: 

1.  Degree  of  attenuation; 

2.  Fermentative  energy,  or  rapidity  of  attenuation; 

3.  Reproductive  enet^,  or  growth  of  yeast; 

4.  Rapidity  of  settling  of  yeast,  or  clarification  of  beer; 

5.  Compactness  of  settling  of  yeast; 

6.  Qualities  of  beer  obtained,  as  taste,  odor,  and  durability. 
Yeast  Clusters.    The  grouping  together  in  clusters  of  micro-organisms 

like  yeast,  is  brought  about  by  a  mucilaginous  secretion  of  the  cell  menn 
brane,  so  that  cells  which  come  in  contact  stick  together  in  larger  or 
smaller  cell  aggregations  or  clusters  or  flakes.  This  ^ves  rise  to  a  more 
rapid  settling  of  the  yeast,  that  is  clarification,  after  principal  ferroenta- 
tion  on  stora^  and  in  chip  cask,  and  more  compact  settling  of  the  yeast 
in  fermenting  vat  and  yeast  vat,  a  better  break  of  the  beer,  and  is  of 
influence  regarding  attenuation.  Low  attenuating  types  form  larger 
clusters  than  high  attenuating  types,  while  wild  or  foreign  yettsts  do  not 
have  the  faculty  to  any  extent. 
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Stock  Cellar  Operations.  Tanking  the  Beer.  The  beer  is  brou^t 
from  the  fermenting  vat  to  the  stock  tank  either  at  the  temperature  to 
■  which  it  has  been  cooled  in  the  fermenter  and  then  it  undei^oes  a  secondary- 
fermentation,  or  it  is  further  chilled  on  its  way  to  the  stock  cellar,  passing 
it  through  a  cooler  in  which  case  no  secondary  fermentation  is  anticipated 
and  the  beer  should  reach  the  stock  tank  thoroughly  fermented. 

Storage  is  that  stage  in  which  the  beer  is  kept  after  the  conclusion 
of  the  primary  fermeatation  and  prior  to  final  clarification  for  the  trade 
package. 

The  objects  of  resting  the  beer  are  to  eliminate  certun  suspended 
matter,  like  yeast,  thereby  securing  greater  clearness,  and  certain  objec- 
tionable matters,  like  albumins,  thereby  securing  greater  durablRty, 
especially  in  pasteurized  bottled  goods. 

During  the  storage  period  there  should  be  a  slight  progress  of  secondary 
or  after-fermentation,  unless  final  attenuation  was  reached  previously. 
The  residue  of  maltose  and  part  of  the  maltodextrin  are  fermented  by  slow 
degrees,  the  amounts  of  carbonic  acid  and  alcohol  increasing. 

The  yeast  settles  the  more  quickly,  the  less  sugar  there  is  present 
and  the  smaller  the  storage  vats;  the  albumins  are  the  more  thoroughly 
eliminated,  the  better  the  mash  was  peptonized,  the  lower  the  storage 
temperature,  and  the  longer  the  period  of  storage.  Hence,  long  storage 
at  low  temperatures  enhances  the  stability  of  beer  after  pasteurization. 

Starch  particles  do  not  settle  on  storage.  Nor  can  dependence  be 
placed  on  improving  the  beer  through  long  storage  in  respect  to  number 
of  bacteria  it  contains.  On  the  contrary,  bacteria  may  increase  during 
storage. 

Low  temperatures  while  the  beer  is  in  stora^  are  necessary  to  pre- 
cipitate the  albumins  and  to  check  the  development  of  bacteria.  The 
storage  cellar  should  be  kept  as  near  to  the  freezing  point  as  possible. 

Chip  Cellar  Operations.  When  sufficiently  matured  in  storage,  the 
beer  is  run  or  pumped  into  chip  casks,  so  called  from  a  method  of  clarifying 
beer  by  means  of  chips  . 

Treatment  in  the  chip  cellar  has  a  two-fold  object: 

1.  To  impart  to  the  beer  the  necessary  life,  that  is,  a  sufficient  amount 
of  carboiiip  acid  gas  so  that  it  will  foam  properly  when  tapped.  This 
is  done: 

a.  by  kraeusening  and  bunging,  or 

6.  by  charging  with  carbonic  acid  gas  directly  (carbonating),  or 

c.  by  both  kraeusening  and  carbonating. 

2.  To  make  the  beer  brilliant.     This  is  done: 

a.  by  the  addition  of  chips; 

b.  by  the  addition  of  isinglass; 

c.  by  filtration. 

Kraeusening.  This  consists  in  the  addition  of  kraeusen  beer,  that  is, 
young  Ijeer  in  the  first,  or  kraeusen  stage  of  fermentation,  twenty-four 
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to  forty-four  hours  after  pitching,  the  amount  bang  about  15  per  cent 
for  home  draught  beer;  10  per  cent  for  export  draught  or  bottle  beer, 
or  6  per  cent  when  beer  is  carbonated.  A  few  days  after  the  kraeusen  have 
been  added  the  finings  are  introduced  and  the  cask  is  bunged,  to  prevent 
the  escape  of  the  gas  generated  by  the  kraeusen,  its  accumulation  cauang 
a  pressure  which  is  termed  bunging  preaswe  and  which  is  allowed  to  rise 
to  about  5  lbs.    • 

Carbonating.  Carbonic  acid  fermentation  gas  may  be  introduced 
into  the  beer  at  any  st^e  after  fermentation,  but  usually  this  is  done 
while  the  beer  is  being  transferred  from  the  chip  cask  to  the  racking  bench 
and  before  it  reaches  the  filter.  When  beers  are  carbonated  they  are 
either  not  kraeusened  at  all  or  only  with  relatively  small  quantities  of 
kraeusen;  about  5  or  6  per  cent.  The  gas  is  introduced  either  on  the 
pressure  principle  by  spraying  the  beer  through  a  compressed  atmosphere 
of  gas  or  on  the  aspirator  or  injector  principle,  by  forcing  the  gas  into 
the  beer,  usually  in  a  conduit  while  in  motion. 

Clarification.  Matter  remaining  in  suspension  at  the  end  of  the 
storage  period  is  eliminated  by  mechanical  means.  First  among  them 
is  the  introduction  of  chips.  Beer  chips  or  darifying  chips  are  strips  of 
wood,  usually  of  beech  or  maple,  so  cut  as  to  present  a  maximum  of  surface 
with  a  minimum  of  volume  and  weight.  The  chips  are  spread  in  the  bot- 
tom of  the  chip  cask,  where  they  retain  particles  in  suspenMon,  reaching 
them  as  well  as  the  sedimentation  caused  by  the  employment  of  isinglass. 
Chips  must  be  carefully  prepared  by  boiling  in  water,  with  an  addition 
of  soda. 

Fining  the  Beer.  Brewers'  finings  are  prepared  from  so-called  istn- 
glasa,  obtained  either  from  fish  throi^h  cleaning,  rolling  and  drying  the 
bladder,  or  from  hide  of  calf.  The  finings  may  be  prepared  on  the  cold 
or  warm  plan,  their  efficiency  depending  upon  the  amount  of  gelatinous 
substance  the  isinglass  yields  and  which  in  flocculent  form  distributes 
through  the  beer  enveloping  the  suspended  particles  and  carrying  them 
to  the  bottom.  One  pound  of  isinglass  is  sufficient  for  one  hundred  to 
five  hundred  barrels  of  beer. 

FiUration.  The  process  of  filtering  beer  consists  in  forcing  the  beer 
on  its  way  from  the  chip-cask  to  racking  apparatus,  generally  by  means 
of  ur  pressure  applied  at  the  chip  cask,  or  through  a  pressure  r^ulator 
pump  interpolated  between  chip  cask  and  filter,  through  one  ot  more 
layers  of  compressed  fibrous  material,  called  filter  mass,  which  commonly 
consists  of  cotton  fiber.  Beer  should  always  pass  through  the  filter  under 
back  pressure,  as  it  will  otherwise  foam  to  such  an  extent  as  to  preclude 
the  proper  filling  of  the  trade  packages.  It  should  stand  in  a  cold  place, 
if  practicable,  in  the  chip  cellar. 

Back-pressure  Racking,  The  principle  of  back-pressure  rackii^  is 
to  create  in  the  delivery  package  a  back  pressure  sufficiently  high  to 
prevent  foaming  of  ihe  beer,  so  as  to  pennit  of  readily  filling  the  package 
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without  loas  of  time  and  without  the  foaming  and  loss  of  beer  accompany- 
ing the  practice  of  "  gut  racking  "  which  formerly  obtained. 

Special  Brewing  Systems.  The  practice  of  storing  the  beer  for  a  long 
period  in  cold  cellars  is  a  rule  mth  some  exceptions.  Different  systems 
have  been  installed  to  obviate  this  necessity,  the  principle  being  to 
obtain  complete  or  final  attenuation  in  the  fermenting  vats.  Such 
systems  are: 

Pfavdler  SysUm.  Employing  glass  enameled  steel  tanks  throughout 
and  vacuum  and  aeration  for^compteting  fermentation;  finishing  the 
beer  by  kraeusening;  SchnetbU  system,  with  high  fermentation  tem- 
peratures; chilling  and  carbonating  beer  from  fermenter  to  finishing  tank;' 
Selg  ay^em,  giving  attention  mainly  to  yeast  culture,  the  constructive 
copper  or  steel  fermenting  vat  with  conical  bottom  permitting  removal 
of  sedimentation  at  any  time;  Nathan  system,  only  tried  expenmentally 
in  Europe,  aiming  at  cooling  of  hopped  wort,  aeration,  fermentation, 
chilling,  carbonating  and  finishing — all  in  one  tank.' 

Prohibitioa  Near-beers.  At  this  writing,  1918,  in  25  States  of  the 
Union  legislation  has  been  enacted  prohibiting  the  munifacture  and  sale 
of  alcoholic  or  intoxicating  beverages. 

In  about  half  of  these  prohibition  includes  all  leverages  containing 
in  excess  of  0.5  per  cent  of  alcohol,  in  a  considerable  number  of  States 
beverages  under  0.5  per  cent  of  alcohol  are  prohibited  if  they  are  prepared 
from  malt,  being  classed  as  malt  liquors  whether  they  contain  alcohol  or 
■  not.  In  practice  beverages  containing  no  more  than  0.1  per  cent  of  fdcohol 
are  considered  alcohol  free,  while  St£te  chemists  are  not  agreed  whether 
they  can  lay  claim  to  the  identification  of  malt  beverages  by  analysis. 
In  fact  malt-near-beers  and  alcohol-free  beverages  resembling  beer  in 
many  respects  have  been  placed  on  the  market  prepared  from  bran  as  a 
diastatic  basis  in  place  of  malt. 

Washington  Prohibition  Law.  As  an  example  of  a  State  prohibition 
enactment  including  malt  liquor,  we  quote  the  following  from  the  Wash* 
iogton  law: 

"  An  Ad  relating  to  intoxicating  liquors,  prohibiting  the  manufacture,  kee[HDg 
sale  and  disposition  thereof,  etc. 

"  The  phrane  '  intoxicating  liquor,'  whenever  used  in  this  act,  shall  be  held 
and  constnied  to  include  whisky,  brandy,  gin,  rum,  wine,  ale,  beer  and  any 
spirituous,  vinous,  fermented  or  malt  liquor,  and  every  other  liquor  or  liquid 
containing  intoxicating  properties,  which  ia  capable  of  being  used  as  a  beven^ 
whether  (bedicated  or  not,  and  all  liquids,  whether  proprietary,  patented  or  not, 
which  contain  any  alcohol,  which  are  capable  of  being  used  as  a  beverage." 

Near-beers  with  less  than  0.5  per  cent  of  alcohol  may  be  produced  from 
regular  brews  by  de-alcoholizing  the  fermented  product  through  boiUng 
<  For  American  Pasteuriied  Bottle  Beer,  see  Bottling  Hsat,  succeeding  Brewing 
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out  or  evaporation  in  vacuo;  and  carbonating  or  kraeuseniDg  the  product. 
De-^coholization  may  extend  down  to  less  than  0.1  per  cent.  Another 
method  ia  to  prepare  a  brew  with  about  one-half  the  usual  gravity;  add 
yeast  and  after  about  twenty-four  hours  chill  so  as  to  check  fermentation. 
When  alcohol  content  has  reached  about  0.2  to  0.3  per  cent,  then  SIter, 
carbonate,  bottle  and  pasteurize. 

In  Other  Countries.  In  Canada  under  prohibition  enactments  beverages 
may  contain  up  to  2^  per  cent  proof  spirits  or  about  1.2  per  cent  of  alcohol 
by  volume.  In  England  the  permissible  percentage  is  approximately  the 
same.  In  Denmark  beverages  up  to  2J  per  cent  by  weight  or  approxi- 
mately 3  per  cent  by  volume  are  tax  free  and  considered  non-intoxicating, 
and  in  other  Scandinavian  countries  like  Norway  and  Sweden,  similar 
^emptions  are  made. 

^glish  Top  Fermentation  Beers.  The  beers. brewed  in  the  United 
Kingdom  and  its  possessions  show  similar  characteristic  differences  in 
their  properties  as  the  German  beers.     They  are  called  ale,  porter  and  stout. 

Mild  beers,  whether  ale,  porter  or  stout,  are  such  as  undergo  no 
secondary  fermentation,  but  are  marketed  about  seven  days  after  the 
principal  fermentation  is  finished. 

Stock  beers,  or  oldbeers,  whether  ale  or  stout,  are  such  as  have  under- 
gone a  secondary  fermentation  and  are  stored  about  two  months  or  more 
before  marketing. 

The  mild  beers  are  distinguished  from  the  stock  beers  by  a  more 
sweetish  (mild)  taste,  containing  more  imfermented  malto-dextrin  and 
less  acid,  the  old  beers,  on  the  othor  hand,  becon^ii^  more  alcoholic  and 
tart.  There  is,  therefore,  much  difference  in  the  properties  of  mild  beers 
and  old  or  stock  beers. 

MUd  ales  are  usually  brewed  of  a  darker  color  than  old  ales,  with 
less  original  gravity  and  less  hops. 

Old  or  stock  ales  have  a  pale  to  amber  color,  quite  bitter  and  more  or 
less  tart  taste,  strong  hop  flavor,  and  though  brewed  with  a  high  percentage 
of  extract,  have  less  extract  left,  but  contain  more  alcohol  than  stout, 
which  is  mainly  due  to  the  practice  of  dry-hopping  ales,  which  results  in 
breaking  down  the  malto-dextrins  more  effectually  than  is  the  case  with 
stout,  which  is  not  dry  hopped. 

StoiUs  are  quite  dark,  almost  black,  have  a  pronounced  malt-carunel 
taste  and  aroma,  a  sweetish  taste  if  mild,  and  a  more  or  less  tart  taste, 
according  to  age  and  circumstances.    They  are  brewed  stronger  than  ales. 

Porter  is  brewed  less  strong  than  the  old  beers.  It  stands  in  a 
similar  relation  to  stout  as  does  a  mild  ale  to  a  stock  ale. 

Brewing  Materials  in  England.  The  materials  used  in  England, 
besides  malt,  hops  and  water,  are  usually  sugars  of  different  kinds.  Such 
arc  caramel  (produced  from  glucose)  for  black  beere,  invert  sugar  and 
glucose  for  mild  and  stock  ales,  while  of  late  years,  rice,  maise  and  wheat 
are  gaining  in  favor.     The  English  drinking  public  now  prefer  beers  of 
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low  gravity  to  the  stock  beers,  and  Bince  they  ahould  -  contain  only  a 
moderate  amount  of  alcohol,  but  sufficient  extract  to  be  full  to  the  palate, 
sugars  should  be  used  for  these  beera,  containing  the  requisite  amount  of 
unfermentable  extract. 

Malt.  Most  brewers  use  some  foreign  barley  malt,  together  with  that 
produced  from  domestic  grain,  on  account  of  the  better  clarification  of 
beer  and  better  drunage  of  wort,  while  some  brewers  use  California 
barley  malt  entirely,  the  beer  from  which  keeps  better  in  hot  weather. 
Usually  pale  malt  is  erajjloyed  in  the  production  of  all  the  beers,  together 
with  some  coloring  material,  preferably  caramel,  brown  malt,  amber 
malt  or  roasted  com  for  dark  ales,  porter  and  stout.  Sometimes 
black  beers  and  mild  ales  receive  an  addition  of  caramel  solution  in 
the  fermenting  vessel  just  prior  to  the  close  of  the  principal  fermenta- 
tion. For  dark  beers  higher  kiln-dried  malts  are  preferred  by  many 
brewers. 

Hops.  With  r^ard  to  hops,  the  Ei^ish  brewer  favors  the  employ- 
ment of  foreign  qualities  of  hops  to  blend  with  the  domestic  article,  the 
proportion  frequently  rising  to  §0  per  cent,  chiefly  American  hops  or 
"  Yankees."  The  English  hops  are  distinguished  for  their  delicacy  of 
flavor,  especially  the  East  Kent  goldings,  and  these  are  eagerly  sought  for 
flavoring  choice  pale  ales  in  dry  hopping.  The  relative  quantities  of 
hops  and  of  other  materials  to  be  used  in  brewing  the  different  beers, 
according  to  the  gravity  of  wort  and  other  requirements,  may  be  gathered 
from  the  introductory  remarks  in  the  paragraph  on  "  Brewing  "  also  salient 
differences  in  regard  to  the  brewing  process  employed  for  the  different 
types  of  beers. 

Brewing  Operations  for  English  Beer.  The  method  of  mashing  is  . 
essentially  the  same  for  ales  and  stouts  whether  of  the  "  stock  "  or  "  mild  " 
type.  The  crushed  malt  is  pa'^sed  through  a  "  pony  masher,"  where  it 
strikes  and  is  mixed  with  the  mashing  water  of  about  163°  P.  for  ales, 
and  slightly  lower  for  stouts,  the  initial  or  mashing  temperature  beii^ 
about  150°  F.  for  the  former  and  145°  F.  for  the  latter.  After  thorough 
mixing  in  the  mash-tun  the  temperature  is  brought  up,  by  underflow  of 
hot  water,  to  154°,  the  stirrer  b  stopped,  and  the  taps  are  opened  after 
about  two  hours.  The  gruns  are  sparged  with  water  of  about  170  to 
160°.  The  wort  flowing  into  the  kettle  is  kept  heated  to  near  boiling- 
point  until  full,  when  hops  are  added  (Ij  to  3  lbs.)  and  boiling  (turamering) 
continued  from  one  to  two  hours,  when  it  is  "  turned  out  "  into  hop-box, 
strained,  pumped  on  surface  cooler,  then  run  over  pipe  cooler,  and  yeasted 
at  68  to  60°  F. 

Top-feimentation  Appliances  and  Operations.  The  essential  differ- 
ence between  top  fermentation  and  bottom  fermentation  is  in  the  behavior 
of  the  yeast,  which  rises  to  the  top  during  top  fermentation,  where  it  is 
either  removed  by  suitable  implements,  by  a  process  called  "  skimming," 
or  it  is  allowed  to  work  out  of  an  aperture  at  the  top  of  the  fermenting 
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veaael,  by  a  procees  called  "  cleansing."  If  the  cleaDsing  takes  place  in 
casks,  the  yeast  working  out  through  "  swan  necks  "  into  a  common  trough, 
it  iB  called  "  Burton  union  system  ";  if  through  opeaii^  (lips)  in  the  top 
and  edge  of  upright  tanks,  the  tanks  themselves  being  ao  placed  as  to  form 
a  trough  for  the  yeast,  it  is  called  "  Pooto  system."  Then  there  is  a  com- 
bination of  the  skimming  and  the  cleansii^  systems  in  the  "  stone  square 
system,"  the  yeast  working  out  through  the  top  of  a  closed  stone  square, 
from  where  it  is  removed  by  skimming. 

Secondary  Fennentation.  Most  English  beers  are  sent  out  directly 
after  racking,  dry  boppii^  and  fining,  without  going  through  any  secondary 
fermentation.  Stock  beers,  however,  undergo  a  secondary  or  slow  fer- 
mentation in  the  storage  or  trade  cask.  The  malto-dextrins  of  the  beer 
supply  the  substance  for  this  fermentation,  being  partly  degraded  by 
inversion  enzymes  contained  in  the  yeasts  and  by  the  diastase  introduced 
in  dry  hopping.  Thus,  beers  that  are  dry  hopped  ferment  down  lower 
in  the  cask  than  beers  unhopped  in  cask,  like  most  black  beers.  The 
fermentation  of  the  sugars,  formed  by  the  breakii^  down  of  the  dextrins, 
keeps  the  beer  charged  with  carbonic  acid  gas,  and  this  condition  is 
essential  for  checking  the  development  of  foreign  ferments.  Therefore, 
a  sound  secondary  fermentation  is  of  the  greatest  importance. 

Dry  Hopping.  Ales  usually,  and  black  beers  sometimes,  receive  an 
addition  of  hops  in  the  storage  or  trade  cask,  the  quantity  varying  from 
1  lb.  for  mild  ales  to  1  lb.  per  barrel  for  p^e,  bitter  and  stock  ales. 

Priming.  Often  a  solution  of  some  kind  of  st^ar  is  added  to  the  beers, 
especially  the  black  beers,  in  the  cask,  which  process  is  called  priming. 
The  object  is  to  impart  sweetness  or  body,  or  to  aid  secondary  fermenta- 
tion and  ^ve  "  life  "  or  what  in  England  is  termed  "  condition "  or 
"  briskness." 

Vatting.  In  many  breweries  it  is  still  customary  to  blend  a  young 
beer  with  an  old  one  that  shows  acidity  and  proper  flavor  in  a  marked 
degree,  in  order  to  give  the  product  the  character  of  age.  Especially  is 
this  done  with  stouts.  The  old  beers  are  called  vats,  and  as  much  as  25 
.per  cent  is  blended  at  times  with  the  young  beer. 

Bottling  Ales.  Ale  for  bottling  should  be  (accordmg  to  Wri^t) 
allowed  to  go  throuf^  all  its  cask  changes,  spontaneous  brilliancy  (unuded 
by  finii^is)  at  the  end  of  them  being  the  simplest  criterion  for  bottling. 

-American  Ales.  In  the  United  States  a  somewhat  different  system 
of  brewing  has  developed  in  the  production  of  top-fermentation  beera, 
from  those  employed  in  England.  While  the  American  stock  beers  are 
patterned  after  the  English  stock  ales  and  stout,  cream,  lively,  or  present 
use  ale  takes  the  place  of  the  English  mild  ales,  and  more  recently  the 
American  ale  brewers  have  equipped  their  plants  with  refrigeratmg 
machines  to  brew  a  beer — briUiaTit  or  aparkling^Xe — that  combines  the 
properties  of  lager  beer  and  ale,  i.e.,  a  sparkling,  brilliant  beer  with  an  ale 
taste  and  aroma.    Since  these  ales  have  been  put  on  the  market,  top- 
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fomented  been  have  gained  some  of  the  ground  which  they  had  loBt  in 
competition  with  lager  beers. 

In  the  main,  the  equipment  of  a  modem  American  ale  and  porter 
brewery  does  not  differ  essentially  frcmi  that  of  a  lager  beer  brewery. 
The  chip-cask  cellar  of  the  lager  beer  brewery,  however,  can  be  dispensed 
with,  a  carbonating  room  taking  its  place,  while  the  stock  cellar  is  retained, 
auce  some  of  the  ales  are  stored. 

Berliner  Weias  Beer.  Of  the  many  varieties  of  top-fennentation 
German  beers,  it  is  only  weiss  beer  that  has  been  able  to  compete  with 
the  lager  beers,  while  the  others,  being  gradually  displaced,  are  but  little 
knoTn,  or  enjoy  only  a  local  reputation. 

Berliner  weiss  beer  should  have  a  very  pale  color,  be  moderately 
clear,  distinctly  tart,  rich  in  carbomc  acid,  ao  that  it  foams  strongly  when 
poured,  and  should  bold  the  foam  moderately  well.  The  difference  in 
the  production  of  weiss  beer  and  the  other  beers  described  consists  in  the  . 
materials  employed,  which  is  generally  one-third  bariey  malt  and  two- 
thirds  wheat  malt;  in  the  gravity  of  the  wort,  which  is  usually  below 
10  per  cent;  in  the  quantity  of  hops  used,  usually  leas  than  \  lb.  per  barrel; 
in  the  fermentation,  durii^  which  lactic  acid  bacteria  are  allowed  to  develop, 
the  weiss  beer  yeast  contuning  these  in  large  numbera,  and  in  the  treat- 
ment after  fermentation,  the  weiss  beer  not  being  stored  but  mixed  with 
fermenting  beer,  which  mixture  being  filled  into  bottles — where  fermen- 
tation continues — results  in  a  large  quantity  of  carbonic  acid  gas  being 
retained  in  the  botties,  and  gives  to  the  finished  product  the  character- 
istic life.  The  large  amounts  of  lactic  acid  bacteria  do  not  permit  of  clar- 
.ification  of  the  product,  whereas  ales  and  stouts  are  usually  clear  and  lager 
beer  usually  brilliant. 

Lager  Beers  in  Gennany  and  Austria.  Besides  the  recognised  types, 
like  the  Bohemian,  Vienna  and  Bamrian  beers,  of  each  of  which  tbe^e  are 
brewed  two  varieties,  the  Sdienk  or  mnter  beer,  and  the  lager  or  atanmer 
beer,  there  are  brewed  for  special  purposes  i>eers  of  each  type  like  Bohe- 
mian export,  Vienna  export  or  Bavarian  export,  or  beers  brewed  for  special 
occasions,  like  bock. 

Bavarian  Beer  is  light  brown  (like  the  Munich)  to  dark  brown  ffiks 
the  Kulmhacher).  It  has  palatefulness,  a  sweetish  taste  and  malt  Savor, 
moderately  attenuated  through  fermentation  (65  to  70  p^  cent)  original 
gravity  of  wort  12)  to  15;  for  bock  and  export  15  to  18. 

Bohemian  Beer  (like  the  Pilsener)  is  light  yellow  to  greenish  yellow, 
the  taste  is  vinous,  dry,  somewhat  sliarp,  bitter  taste  of  hops  predomi- 
nates. More  strongly  attenuated  than  Bavarian,  70  to  75  per  cent.  Schenk 
beers  brewed  lOi  to  11);  lager  and  export  12)  to  13. 

Wiener  Beer  is  less  bitter  and  dwker  in  color  than  Bohemian  and  has 
less  malt  aroma  and  is  paler  than  Bavarian.  In  all  respects  it  takes  a 
medium  position  between  both.  Schenk  beer  about  11;  export  or 
"  Maerzen  "  about  14)  to  15. 

Ktdmbaeher.     A  very  dark  beer  with  the  Bavarian  chvacteristics 
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especially  accentuated,  brewed  along  the  liDes  of  a  Bavarian  lager,  from 
a  very  strong,  original  gravity  of  wort  of  about  18  to  19  per  cent. 

Dortmunder.  Pale,  like  Bohemian,  of  about  14  to  15  per  cent;  from 
low  dried  malt;  strongly  hopped,  highly  attenuated. 

Export  and  Bock  differ  from  the  Schenk  and  lager  in  that  they  are 
brewed  stronger  and  contain  more  alcohol.  Thus  the  percentage  of  alcohol 
and  extract  found,  as  the  result  of  the  analyses  of  a  large  number  of  beers, 
was  on  the  average: ' 

Atoohol.  Eiuut. 

Schenk  or  winter  beer. 3 .  36  5 .  34 

Lager  or  summer  beer 3.93  5.79 

Export  beer 4.40  6.38 

Bock,  Doppel,  or  Maerzen. 4.69  7.21 

For  general  character  of  these  beers  refer  to  introductory  remarks  in 
the  paragraph  on  "  Brewing,"  also  for  materials  employed  and  brewing 


The  mashing  method  is  peculiar,  inasmuch  as  three  parts  of  the  whole 
mash,  called  the  first,  second  and  third  mash,  are  successively  boiled 
each  for  ten  to  forty-five  minutes,  and  returned  to  the  mash  tun.  In 
Bohemia,  where  pale  beers  are  the  vogue,  boiling  is  often  restricted  to 
ten,  fifteen  or  twenty  minutes,  in  Vienna  generally  thirty  minutes,  in 
Bavaria  often  forty-five  minutes.  By  returning  the  boiled  portions  the 
mash  is  successively  heated  from  95°  F.,  the  initial  temperature,  to  about 
122°;  then  to  145°  and  finally  to  about  160°. 

^fter  inversion  is  completed,  the  mash  is  run  into  the  strainer.  The 
subsequent  operations  of  straining,  fermenting,  spuing,  boilmg,  hopping, 
cooling,  fermentii^,  storing,  are  carried  out  mucb  in  the  same  way  as  in 
the  United  States.  There  is,  however,  no  separate  chip-cask  treatment, 
with  its  processes  of  fining,  kraeusentng  or  carbonating.  After  the 
beers  are  stored  for  some  time,  usually  for  six  weeks  or  two  months,  chips 
are  introduced  into  the  storage  cask  and  the  beer  is  bunged,  the  secondary 
fermentation  being  depended  upon  to  furnish  the  requisite  life. 

Halting.  This  is  the  process  of  preparing  cereals,  usually  barley,  for 
brewing  purposes. 

Barley  is  the  favorite  cereal  employed,  chiefly  because  the  husk  acta 
as  an  excellent  filtering  material  in  the  mash-tun ;  its  endosperm  is  readily 
modified  and  mellowed  during  growth,  unlike  com;  and  it  develops  a 
sufficiency  of  enzymes  during  the  malting  process. 

Oats,  the  only  other  cereal  which  retuns  its  husk  in  threshing,  conttuns 
large  quantities  of  objectionable  albumen,  that  preclude  its  employment. 

' ''  American  Handy-Book  of  the  Brewing,  Malting,  Emd  Auxiliary  TnideB,"  1008, 
p.  12fiQ. 
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Id  the  United  States,  the  systematic  study  of  American  barleys,  with 
a  view  to  their  improvement,  was  begun  in  1904  by  the  United  States 
Department  of  Agriculture,  and  was  fruitful  of  much  new  knowledge.^ 
The  history  of  barley  culture  in  the  Western  States  of  the  Union  may  be 
dated  from  the  settlement  of  German  pioneers  in  the  territory  which  is 
now  the  State  of  Ohio.  In  the  Eastern  States  only  local  or  Canadian 
barley  was  tised  up  to  about  1875,  when  the  Manchuria  barley,  Intro* 
duced  into  Wisconsin  from  Germany  (about  1880),'  and  thence  spreading 
into  Minnesota,  Iowa,  South  and  North  Dakota,  became  the  dominant 
type  of  the  American  market.  The  Bay  Brewing  type  is  mostly,  culti- 
vated on  the  Pacific  Coast,  in  California,  Oregon  and  Washington;  the 
White  Club  in  Utah,  Oregon  and  Washington;  the  Chevalier  or  two- 
rowed  type,  in  Montana,  California  and  the  British  Northwest. 

The  barleycorn  consists  in  the  main  of  the  husk,  the  germ  and  the 
endosperm.  The  husk  is  mainly  for  protection,  the  germ  contains  the 
vital  principle  endowed  with  the  faculty  of  growth,  under  suitable  con- 
ditions, into  the  new  plant,  and  the  endosperm  contains  the  bulk  of  the 
nourishment  to  sustain  the  germ  until,  in  the  natural  order  of  things, 
the  green  leaves  are  sufficiently  developed  to  assimilate  carbonic  acid 
from  the  air. 

Through  germirKUing,  the  endosperm  of  the  barley  is  modified,  thus 
becoming  more  porous  as  particles  of  starch,  albumen  and  phosphates 
are  made  soluble  by  the  action  of  diae^tase,  peptase  and  lactic  acid,  and 
utihzed   by    the  germ   as  food  in   the  form  of  amides,  sugar  and  acid 

>  U.  8.  Dept.  of  Agriculture,  Bulletin  No.  124,  Bureau  of  Chemistry,  on  "  Study 
of  American  Barleys,"  by  Leclerc  and  V/bM. 
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phosphates,  while  caramel  is  formed  on  the  kihi  in  proportion  to  moisture 
contaioed  at  high  temperatures. 


Fio.  353.— Bftrl^  Tjrpes:  to  the  left,  ox-rowed  (Utah  Winter);  in  the  middle,  Two* 
rowed  (Chevalier);    to  the  right,  six-rowed  Drooping  (Manchuria)  or  common. 

During  growth  the  germ  of  the  barleycorn  develops  the  aerospire  or 
plumvla,  and  the  radicle.  The  former  is  that  part  from  which  develops 
the  green  blade  which  appears  above  the  ground  where  barley  is  planted 
and  eventually  produces  the  stalk.  The  radicle  sends  out  a  number  of 
shoots  that  develop  into  the  roots  of  the  plant  and  are  commonly  called 
rootleta. 

In  germination,  the  rootlets  protrude  at  the  germ  end  of  the  grain, 
while  the  aerospire,  starting  from  the  same  end,  grows  up  toward  the 


D,ui!izK;l;,V.OOglC 


BREWING  AND  MALTING  W9 

other  end  of  the  grain,  keeping  under  the  husk  along  tne  back  or  solid 
ride  of  the  gnun. 

In  mEdtiog,  it  ia  not  allowed  to  reach  the  point  of  breaking  out,  the 
growth  being  checked  Suddenly  by  kiln-drying  before  the  acrospire  quite 
reaches  the  oppoute  end,  experieoce  having  demonstrated  that  the  most 
flesirable  condition  of  the  endoeperm  coincides  with  that  degree  of  develop- 
ment of  the  acrospire.     For  propertiea  of  malt,  see  "  Brewing  Materials." 

Malting  Operations.  Broadly  these  embrace  every  manipulation 
from  the  moment  the  crude  grain  leaves  the  elevator  or  storehouse  up  to 
the  time  the  finished  malt  ia  conveyed  to  the  storage  bin  or  to  the  hopper 
to  be  measured  into  the  crusher  mill  of  the  brewery.  In  a  more  con- 
fined sense,  as  treated  here,  the  term  is  applied  only  to  the  tht«e  main 
operations  of  steeping,  germination  and  kiln-drying. 

Orowlh.  Germination  as  conducted  on  a  smooth  floor  constructed 
of  cement  for  this  purpose,  is  the  traditional  method,  the  process  being 
called  "  flooring,"  "  growing,"  or  "  germinating."  The  modem  methods, 
however,  are  based  on  artificial  or  forced  aeration  (pneumatic  m&lting) 
either  on  a  perforated  floor  or  in  revolving  drums.  Another  important 
distinction  is,  that  by  the  old  method  the  work  is  almost  entirely  done 
by  hand,  whereas  the  improved  methods  may  with  much  propriety  be 
called  mechaiucal  malting,  most  of  the  work  being  done  by  machinery. 

Floor  MalHng.  The  barley  from  the  bins  is  loaded  on  the  conveyor 
and  carried  automatically  to  the  cleanii^  machine.  The  ofiFal  goes  to 
feed  dealers. 

Steeping.  From  the  cleaning  machine  the  barley  drops  into  the 
separator  underneath.  The  different  grades,  two  or  three  in  number, 
go  to  the  automatic  scales,  and  then  reach  the  steeping  tank,  which  should 
be  half  filled  with  water.  At  first,  the  water  should  stand  1  to  2  ft. 
above  the  barley  when  the  tank  is  full.  The  skimmings  are  floated  off 
or  skimmed  off  with  a  ladle.  They  go  to  a  separate  bin  or  trough,  and  are 
dried  and  sold  for  feed.  Change  the  water  twice  the  first  day  and  once 
a  day  thereafter.  Steep  for  about  forty-eight  hours,  modifying  tor 
dryness  of  air,  hardness  and  temi>erature  of  water,  type  and  condition 
of  barley,  etc. 

GerminaHng,  The  grain  being  fully  steeped,  the  water  is  drained 
off  at  the  bottom  and  the  barley  dropped  on  the  malting  floor;  other- 
wise it  is  loaded  on  trucks  and  wheeled  to  the  floor  where  the  grain  is  spread 
and  leveled  to  a  heap  or  "  couch  "  of  about  8  to  10  ins.  Here  it  is  turned 
from  time  to  time  by  hand  shovels  and  its  height  gradually  increased  and 
again  reduced  according  to  conditions  from  about  14  ins.  to  4  or  5  ins. 
The  temperatures  in  the  air  should  be  about  50  to  60°  F.,  in  the  growing 
malt  couch  about  75°,  turning  to  prevent  too  high  heats  and  to  supply 
aeration.  Growth  takes  about  five  days  for  barley  of  the  Manchuria 
type  and  eight  days  for  Bay  Brewing  and  two-rowed  types,  like  the 
Chevalier.    When  the  endosperm  has  become  mellow  and  the  acrospire 
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is  three-quarters  up,  the  "  green  malt "  is  conveyed  to  the  kiln  which 
usually  has  two  or  three  floors  heated  l^y  open  fire  assisted  by  closed  heaters; 
hard  coal  being  smokeless,  is  commonly  used  for  fuel. 

Kilning.  By  a  fan  instailcd  above  the  upper  floor  air  is  sucked  through 
the  malt  together  with  the  products  of  coal  combustion.  The  temperature 
is  kept  at  about  90°  F.  on  the  upper  floor,  and  when  hand  dry,  usually 
after  twenty-four  hours,  the  malt  is  dumped  on  the  lower  flcwr,  where  it 
is  kept  for  about  twelve  hours  at  120-130°  F.,  where  it  is  kept  until 
practically  dry,  when  it  is  heated  to  the  final  temperature  of  160-155° 
F.,  for  pale  beers,  165-180°  for  darker  beer,  and  up  to  220°  F.  for  beers 
of  Munich  character. 


TiQ.  364. — Flwir  Mailing  with  Power  Siovel  and  Bucket  Elevator. 

The  Mechanical  Malting  or  Aidomatic  Pneumatic  Systems.  In  this 
^8tem  malt  is  made  by  turning  the  same  with  machinery,  or  by  the  use 
of  dumping  floors,  or  other  mechanical  means. 

The  Compartment  System.  This  system  employs  a  box-shaped  recep- 
tacle for  holding  the  steeped  barley  during  the  growing  period.  Traveling 
across  this  receptacle  lengthwise  is  a  carriage  supporting  a  number  of 
revolving  helices  for  the  purpose  of  turning  and  loosening  the  growing 
barley.  This  carriage  travels  from  end  to  end  automatically,  being 
propelled  by  rope  transmission.    The  malting  floor  con^ts  of  perforated, 
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galvanized  steel  plates  through  which  the  attetnperated  air  passes.  The 
veDtilation  can  be  either  downward  or  upward,  or  intermittent  or  con- 
tinuous. The  air  first  passes  through  the  attemperators,  which  consist 
of  a  number  of  partitions  having  perforated  zinc  plates  secured  thereon. 
Between  these  i>artitions  are  located  atomizers  to  spray  the  water  on  to 
the  plates,  thus  effecting  the  coolil^,  and  moistening  to  the  saturation 
point,  at  the  same  time  washing  and  purifying  it,  and  equalizing  the 
temperature.  The  water  used  returns  to  a  tank,  which'  has  an  overflow 
and  skimmer.  Here  fresh  water  is  added,  and  the  water  used  over  again. 
In  cold  weather  the  air  used  first  passes  through  a  series  of  steam  coils, 
to  be  warmed,  and  then  through  the  attemperator.  Many  plants  are 
arranged  so  as  to  use  part  of  the  air  over  again,  which  effects  a  large  sav- 
ing in  heating,  and  has  given  good  satisfaction. 

The  moistening  of  the  growing  barley  ia  done  by  a  spray  pipe  attached  to 
the  machine  and  connected  with  a  hose  to  the  water  supply.  While  being 
sprinkled,  the  malt  is  turned  by  the  machioe  so  as  to  moisten  it  uniformly. 

The  unloading  of  the  compartment  is  done  by  apower  scraper,  which 
is  80  arranged  as  to  run  forward  and  backward,  the  operator  only  doing 
the  guiding.  The  malt  is  scraped  to  the  front  of  the  compartment  into  a 
feeder,  which  feeds  the  malt  into  the  conveyor  underneath,  then  to  the 
green-malt  elevator,  and  then  to  the  kiln. 

In  all  other  respects  the  treatment  does  not  differ  from  that  above 
described  for  the  other  methods  of  malting. 

The  floors  are  kept  clean  by  scrubbing  with  brushes  and  the  usual 
chemicals. 

Drum  Malting.  The  growth  of  the  barley  takes  place  in  drums  that 
are  made  to  revolve  by  machinery  whenever  desired.  The  drums  proper 
rest  on  four  wheels  in  a  frame  connected  to  two  shafts  and  revolved  by 
means  of  worm  gears;  some  are  arrai^ed  so  as  to  run  at  different  speeds 
for  different  times  and  different  conditions  of  the  malt.  The  ventilation 
used  in  most  cases  is  continuous. 

The  drum  is  turned  about  as  follows:  For  the  first  three  days,  one 
full  revolution  every  two  hours;  fourth  day,  every  one  and  one-half  hours; 
first  half  of  the  fifth  day,  the  same;  after  which  the  drums  are  kept 
revolving  for  twelve  hours,  making  one  revolution  in  about  forty  minutes. 

On  the  kiln  the  malt  is  dried  the  same  as  floor  malt. 
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CHAPTER  XL 
WINE  MAKING 


CMef  Chanitt,  WiM-Beniut  InttituU  <4  FermetOoiam,  Chioago,  III. 

Origin  and  Development.  The  origin  of  wine  making  undoubtedly 
dates  back  to  prehietoric  times.  When  for  the  first  time  some  crushed 
grapes  happened  to  be  put  aside  in  a  vessel,  nature  itself  transformed 
them  into  the  first  wine,  and  this  result,  so  pleasing  to  the  palate,  most 
obviously  invited  repetition  as  well  as  attempts  at  further  improvement. 

From  these  crude  beginnings  the  art  of  wine  making  has  slowly 
developed,  through  the  experience  of  centuries,  to  a  high  degree  of  per- 
fection, nevertheless  stjll  remumug  a  merely  domestic  industry,  the 
underlying  principles  of  which  were,  as  yet,  entirely  unknown.  The 
cellar-master  of  old,  seeing  his  wine  tmdei^o  a  renewed  fermentation 
at  the  time  when  the  vineyards  blossomed,  attributed  this  to  a  mysterious 
sympathy  still  existing  between  the  vines  and  their  offspring.  His  lack 
of  knowledge  is  evident,  but  no  less  so  his  high  esteem  for  the  noble  wine 
which  he  believed  animated  by  some  subtle  form  of  intelligence  and  feeling. 

During  the  last  fifty  years  the  researches  of  scientists  such  as  Pasteur, 
Hansen  and  Wortmann,  have  led  to  a  better  imderstanding  of  what  takes 
place  during  fermentation  and  ripening  of  wine.  The  old  empirical 
methods  have  been  tested  in  the  light  of  modem  biology  and  chemistry, 
and  to-day,  perfected  and  firmly  established,  the  old  art  of  wine  making 
has  developed  into  a  rational  industry. 

But,  whereas  the  modem  development  of  most  other  industries  has 
involved  thorough  centralization  with  the  use  of  machines  instead  of  band- 
power,  facilitating  the  handling  of  large  quantities  and  ensuring  uniformity 
of  product,  wine  making  in  these  respects  has  remained  largely  on  the  old 
domestic  ba^.  Large  wine-making  establishments  recording  their  annual 
output  in  hundreds  of  thousands  or  even  in  millions  of  gallons  are  found 
only  where  grapes  are  very  abundant,  as  is  the  case  in  southern  France 
and  California,  but  the  average  wine  maker  of  to-day  still  remains  to  a 
large  extent  the  small  wine  grower  who  handles  only*  his  own  harvest  of 
grapes.  He  even  finds  it  advantageous  to  grade  his  harvest  according 
to  quality,  especially  so,  if  he  happens  to  be  favored  by  soil  or  climatic 
conditions.    The  handling  of  laree  quantities  on  a  truly  induatri^  scale 

963 


vL.OOgiC 


954  INDUSTRIAL  CHEMISTRY 

is,  therefore,  etill  left  to  the  wine  merchant  and  to  the  manufacturer  of 
sparkling  wine  who,  by  means  of  skillful  blending,  produce  the  standard 
types  that  meet  the  demands  of  the  market. 

The  Grapes.  The  quality  of  a  wine  depends  mainly  upon  the  quality 
of  the  grapes  from  which  it  is  made  and  the  latter  is  determined  by  a  number 
of  factors  such  as  variety  of  grapes,  treatment  of  the  vines,  soil  and  its 
cultivation,  climatic  conditions  and  the  degree  of  ripeness  which  the  grilles 
are  allowed  to  reach. 

It  is  only  where  a  suitable  variety  of  grape  is  grown  under  especially 
favorable  conditions  as  to  soil  and  climate  that  the  high  grade 
wines  can  be  produced.  Under  other  conditions  the  identical  grape 
variety  may  give  a  wine  of  a  distinctly  different  character.  The  Riesling 
grape,  when  grown  in  California,  is  diflerent  from  the  Riesling  that  finds 
ideal  conditions  for  its  development  in  the  temperate  climate  of  the  sunny 
hills  along  the  Rhine,  and  the  name  Riesling  on  the  label  of  a  California 
wine  therefore  invites  a  comparison  that  cannot  but  result  in  adverse 
criticbm.  The  wine  growers  of  each  territory,  when  selecting  and  develop- 
ing those  varieties  of  grapes  that  are  best  suited  to  local  conditions,  and 
modifying  their  methods  accordingly,  may  gradually  develop  wine  types 
of  their  own  to  be  judged  entirely  upon  their  own  merits. 

It  b  important  that  the  grapes  be  picked  at  the  proper  time  which 
usually  means  when  fully  ripe.  If  picked  at  an  earlier  stage  they  give 
a  must  containing  less  sugar  but  richer  in  acids.  For  this  reason  early 
picking  is  sometimes  resorted  to  in  southern  countries  where  the  hot  and 
dry  climate  tends  to  produce  little  acid  and  much  sugar.  Over-ripeness 
of  the  grapes  is  undesirable  as  it  will  cause  them  to  shrink  and  their  skin 
to  burst  laying  open  the  juice  to  the  dissolving  action  of  rain  and  dew  and 
offering  breeding  places  to  dangerous  "  disease  "  germs. 

The  weather  during  the  picking  is  not  without  unportance.  Rain 
will,  to  some  extent,  dilute  the  must;  heat  will  accelerate,  while  cold  will 
retard  the  subsequent  fermentation. 

Stemming,  Crushing  and  PressMg.  After  being  gathered  and 
carted  to  the  winery  the  grapes  are  to  be  prepared  for  the  fermentation 
as  quickly  as  possible.  Any  delay  is  likely  to  detract  from  the  quality 
of  the  resulting  wine.  If  the  production  of  white  wine  is  intended,  the 
grapes  which  may  be  either  red  or  colorless,  are  crushed  and  pressed,  only 
the  juice  (must)  being  fermented;  if  red  wine  is  to  be  produced  red  grapes 
are  stemmed  and  crushed,  the  whole  pulp  being  filled  into  fermenting 
vats  where  the  coloring  matter  is  extracted  during  fermentation.  In 
some  cases  the  stems  are  left  in  the  fermenting  pulp  but  as  a  rule  they  are 
removed  either  before  or  after  the  crushing.  The  early  removal  of  the 
stems  is  advisable,  for  they  have  a  tendency  to  clog  the  pipes  and  flumes 
that  are  used  for  conveying  crushed  grapes  and  furthermore'they  impart 
an  undesirable  taste  to  the  wine. 

The  device  used  for  stemming  may  consist  in  its  simplest  form  of  a 
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wire  screen,  with  meshes  of  a  size  to  permit  the  grapes  but  not  the  stems 
to  go  through,  over  which  the  grapes  are  pimhed  by  hand  with  a  rake. 
Another  device,  iatended  for  machine  power,  consiBls  of  a  horizontal  per- 
forated cylinder  in  which  a  shaft  with  helically  arranged  arms  revolves, 
thereby  carrying  the  stems  toward  one  end  and  causing  the  grapes  to 
fall  through  the  perforations.  Where  stemming  is  performed  after  crush- 
ing, the  crushed  grapes  are  dropped  into  a  strainer  in  which  there  is 
a  rapidly  revolving  set  of  narrow  blades,  These  blades  tear  out  the 
stems  very  completely  from  the  mass  of  pulp. 

The  machine  in  which  the  grapes  are  crushed  usually  consists  c^  a 
hopper  feedir^4he  grapes  to  a  pair  of  adjustable  grooved  rollers  revolving 
in  oppodte  directions  and  with  unequal  speed.  The  purpose  is  to 
thoroughly  open  up  all  of  the  grapes  without  crushing  the  seeds  from 
which  undesirable  substances  would  otherwise  be  extracted,  whence  the 
rollers  are  adjusted  accordingly.  Part  of  the  must  is  often  allowed  to 
drun  off  from  the  crushed  grapes  by  gravity  alone  and  may  be  fermented 
separately  as  being  superior  to  the  rest  of  the  must  that  is  obtained  by 


The  wine  presses  are  mostly  ordinary  screw-presses,  sometimes  however 
hydraulic  presses  are  used.  The  crushed  grapes  are  spread  in  a  uniform 
layer  over  the  press-bed  and  subjected  to  a  gradually  increasing  pressure. 
Too  strong  pressure  should  not  be  applied  at  once  lest  the  yield  be  dimin- 
ished. To  insure  the  highest  yield,  it  is  necessary  to  loosen  up  the  pressed 
residue  once  or  twice  and  to  re-press.  As  already  stated  the  pressing  of 
white  wines  takes  place  before,  that  of  red  wines  after  fermentation. 

Tlie  Most.  The  grape  juice  is  a  watery  solution,  the  main  constil^ 
uents  of  which  are: 

1.  Sugar;  4.  Flavoring  substances; 

2.  Organic  acids;  5.  Pectin  and  mucilaginous  substances; 

3.  Protein  substances;    6.  Mineral  substances. 

1.  The  sugar,  during  fermentation,  is  split  up  into  about  equal  parts 
of  alcohol  and  carbonic  acid,  and  only  very  little  sugar  (less  than  0.15 
per  cent)  should  be  left  in  ordinary  dry  wines.  A  must  containing  16 
to  17  per  cent  sugar  will  produce  a  table  wine  with  an  alcoholic  strength 
of  8  to  8.5  per  cent  by  wei^t;  musts  containing  less  sugar  produce  the 
light  ordinary  wines,  those  containing  more  sugar  result  in  the  heavier 
high-grade  wines. 

2.  The  organic  acids,  chiefly  tartaric  and  malic,  although  present  in 
comparatively  small  quantities  are  very  essential  constituents  of  the  must. 
The  tartaric  acid  mainly  occurs  in  combination  with  potassium  as  tartrate 
(bitartrate  of  potassium)  which  is  precipitated  to  a  large  extent  during 
the  fermentation.  A  part  of  the  acids  is  also  consumed  by  the  yeast 
and  by  certain  bacteria  which  accounts  for  the  fact  that  a  wine  has  less 
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acidity  than  the  corresponding  must.  The  total  acidity  of  must  or  wine  is 
usually  given  as  the  apparent  percentage  of  free  tartaric  acid. 

To  m^e  a  wine  palatable  its  acidity  must  be  in  proper  ratio  to  its 
alcoholic  strength  and  palatefuhiess.  A  light  wine  without  prominent 
flavor  and  body  may  appear  fully  harmonious  as  to  taste  with  an  acidity 
of  only  0.1  per  cent,  but  a  heavier,  highly  flavored,  wine  would  taste  quite 
flat  when  possessed  of  this  same  acidity  and  may  require  as  much  as  1.0 
per  cent  acidity  to  appear  harmonious. 

A  must  usually  loses  from  0.2  to  0.6  per  cent  in  acidity  during  its 
transformation  into  wine.  , 

3.  The  must  can  contaio  up  to  about  1  per  cent  of  protein  substances 
of  which  only  approximately  one-tialf  remains  in  the  wine,  the  rest  being 
partly  utilized  as  nourishment  by  the  yeast,  and  partly  precipitated  dur- 
ing the  fermentation. 

4.  The  flavoring  substances  of  the  must  upon  which  ite  quaUty  largely 
depends  are  present  in  too  small  quantity  to  be  isolated  without  great  dif- 
ficulty and  we  possess  at  the  present  time  only  scant  knowledge  of  their 
chemical  nature. 

These  flavoring  substances  increase  durii^  fermentation,  the  fermented 
must  containing:.  1.  Those  originally  present  in  the  must.  2.  Others  formed  ' 
during  the  fermentation,  probably  mainly  by  decomposition  of  certain 
nitrogeneous  substances  (amino-iicids)  contained  in  the  must,  and  3.  The 
specific  flavoring  substances  produced  by  the  different  varieties  of  yeast 
irrespective  of  composition  of  the  must  (esters  and  aldehyde). 

5.  The  pectin  and  mucilaginouB  substances  causing  the  thick  con- 
sisteaicy  of  the  must  are  practically  all  precipitated  during  the  fermentation 
as  they  are  insoluble  in  dilute  alcohol. 

6.  In  a  normal  must  is  found  from  0.3  to  0.5  per  cent  of  mberal 
substances  (ash)  the  amount  of  which  considerably  decreases  during  the 
fermentation  owing  to  the  precipitation  of  potassium  in  the  form  of  tartar. 

The  wine  maker  tests  his  must  to  determine  approximately  the  sugar 
and  acidity  of  an  averse  sample.  The  sugar  is  determined  by  means  of 
areometers  such  as  Oechsle's  must  scale,  indicating  how  many  grams  one 
liter  of  must  weighs  more  than  one  liter  of  water,  or  Balling's  saccharometer 
indicating  the  percentage  of  solids  in  solution.  Degrees  Oechsle  divided 
by  five,  or  per  cent  Balling  multiplied  by  f  gives  the  sugar  content  in  per 
c«it  of  an  ordinary  must  with  sufficient  accuracy  for  practical  purposes. 
The  acidity  is  measured  by  titration  with  standardized  alkaU  solution. 
Knowing  the  ratio  of  sugar  to  acidity  the  wine  maker  is  in  a  position  to 
carry  out  the  subsequent  operations  with  a  view  to  either  checking  or 
facilitating  the  decrease  in  acidity  according  to  the  requirements. 

A  direct  correction  as  to  composition  may  also  be  found  desirable. 
If  lackii^  in  acidity  the  must  can  be  corrected  by  the  admixture  of  less 
ripe  grapes  or  by  the  addition  of  tartaric  acid.  The  addition  of  gypsum, 
which  is  sometimes  used,  especially  in  making  red  wines,  has  a  similar 
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effect,  the  gypBum  reacting  upon  the  tartar  so  as  to  form  insoluble  calcium 
tartrate  and  bisulpbate  of  potassium  which  latter  Bubstance,  unlike  the 
tartar,  remains  dissolved  in  the  wine.  This  method,  the  so-called  plaster- 
ing, can  only  be  used  to  a  limited  extent,  dnce  the  laws  of  most  wine  pro- 
ducing countries  fix  a  maximum  limit  for  sulphates  cont^ed  in  unadul- 
terated wine. 

If  the  must  is  too  rich  in  acids,  the  acidity  can  be  reduced  by  dilution 
with  water  and  the  proper  sugar  content  eventually  restored  by  addition 
of  pure  cane  or  grape  sugar.  This  process,  known  as  gallizing,  is  used  to 
some  extent  in  northern  countries,  especially  for  white  wines,  and  is  gen- 
erally considered  legitimate,  provided  it  is  carried  out  so  as  to  actually 
improve,  or  to  render  marketable  the  product  and  not  with  a  view  to 
unduly  increase  its  quantity.  The  process  of  improving  must  by  adding 
sugar  and  neutrahzing  the  excess  of  acidity  (usually  by  means  of  chalk) 
is  known  as  chaptalizing. 

The  Fermentation.  When  left  to  itself  the  must  will  boor  heffn 
fermenting.  It  grows  quite  turbid,  gas  bubbles  rise  to  the  surface,  the 
temperature  rises  and  the  viscosity  and  specific  gravity  decrease.  At 
the  same  time  the  sweet  taste  gradually  changes  into  a  vIbous  one  and  a 
distinct  fiavor  develops  Toward  the  end  of  the  fermentation  the  tiuv 
bidity  gradually  disappears  and  the  c<Hnpleted  fermentatitHi  leaves  the 
young  wine  in  a  limpid  state  on  top  of  a  heavy  sediment. 

These  changes  are  brought  about  by  certain  microscopical  plants  that 
are  always  present  on  the  skins  of  ripe  grapes.  Among  them*  the  yeasts 
which  cause  the  alcoholic  fermentation,  splitting  up  sugar  into  alcohol 
and  carbon  dioxide,  are  desirable  and  indispensable,  while  others  such  as 
mycoderma  and  various  bacteria  are  undesirable  disease  germs. 

Between  the  microorganisms  a  struggle  for  life  goes  on  in  the  must, 
each  one  striving  to  utilize  the  nourishment  on  hand  for  its  own  growth 
and  producing  substances  that  are  injurious  to  its  competitors.  By  far 
the  most  important  task  of  the  wine  nuiker  is  to  assist  the  yeast  in  this 
struggle  by  offering  it  the  most  favorable  conditions  for  its  activity. 
His  aim  is  to  make  the  yeast  ferment  the  sugar  as  completely  as  posuble 
which  not  only  means  little  nourishment  left  for  other  organisms  but  also 
a  high  percentage  of  alcohol  prohibiting  their  growth.  Incomplete 
fermentation  on  the  other  hand  results  in  a  weak  and  unstable  wine  sub- 
ject to  a  variety  of  undesirable  chaises. 

The  Wine-yeasts.  The  alcoholic  fermentation  of  the  must  is  caused 
by  small,  usuaUy  unicellular  budding  fungi,  mostly  belonging  to  the 
different  varieties  of  saccharomyces  ellipsoideus.  Their  principal  breed- 
ing places  in  nature  are  the  ripe  juicy  fruits  where  they  multiply  abundantly 
durii^  the  fall.  Some  of  them  penetrate  with  the  rain  to  a  certain  depth 
into  the  soil,  where  a  sufficient  number  keep  alive  over  winter  to  repopulate 
the  fruits  of  the  following  year,  to  which  they  are  carried  by  insects,  rain- 
splashes  or  the  wind.    Their  perpetuation  is  facilitated  by  their  power 
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of  forming  spores,  Bmall  resistant  cells  appearing  under  certain  conditions 
within  the  vegetative  cells. 

The  yeast  cells  contain  an  enzyme,  the  zymase,  which  in  contact  with 
dissolved  sugar  transforms  it  into  alcohol  and  carbon  dioxide.  This  fer- 
mentation proceeds  most  satisfactorily  at  medium  temperatures,  the 
yeast  becoming  temporarily  inactive  at  a  few  degrees  above  the  freezing- 
point  of  the  water  and  permanently  weakened  at  about  100°  F.  Even  the 
most  vigorous  yeast  can  only  produce  about  13  per  cent  of  alcohol  1;^ 
weight  and  this  only  under  exceptionally  favorable  conditions. 

Besides  the  main  products  of  the  alcohoUc  fermentation  smaller  quan- 
tities of  glycerol,  succinic  and  lactic  acids,  aldehyde  and  fusel  oils  are  also 
produced  by  the  yeast  during  fermentation.  Apart  from  the  glycerol, 
that  may — as  far  as  our  present  knowledge  goes — be  derived  from  the  sugar, 
the  other  by-products  have  recently  been  shown  to  originate  from  amino- 
acids  (e.g.,  succinic  acid  from  glutamic  acid  and  amyl-alcohot  from  leu- 
cine) the  nitrogen  being  utilized  by  the  yeast  in  the  form  of  ammonia 
for  building  up  the  protein  of  its  own  body.  In  all  probability  flavoring 
substances  are  formed  by  a  similar  process  from  other  amino-acids,  the 
primary  products  being  various  alcohols  and  acids,  which  during  the 
ripening  of  the  wine  are  further  tran^ormed  through  oxidation  and  esteri- 
Scation. 

Pure  Cultures  at  Yeast  Many  different  wine-yeasts  have  been  isolated 
and  studied.  They  differ,  more  or  less,  not  only  morphologically  but  also 
as  to  the  rapidity  and  completeness  with  which  they  ferment  sugar,  as 
well  as  to  their  power  of  decreasing  the  acidity  and  as  to  the  strength 
and  fineness  of  the  flavor  they  produce.  This  naturally  led  to  the  use 
of  selected  pure  cultures  of  yeast  for  the  fermentation  of  wine.  Such 
cultures  are  kept  in  stock  and  furnished  by  especially  equipped  laboratories. 
In  the  wineries  they  are  first  propagated  in  a  suitable  quantity  of  boiled 
and  cooled  must,  which  is  allowed  to  come  into  vigorous  fermentation 
before  being  added  to  the  bulk  of  the  ordinary  must.  The  addition  of 
only  i  per  cent  suffices  to  secure  the  predominance  of  the  selected 
yeast. 

The  use  of  selected  pure  yeast  results  in  better  control  of  the  opera- 
tions, a  cleaner  taste  and  flavor  and  an  earher  ripening  of  the  wine.  A 
specific  flavor  is  also  to  some  extent  obtained,  according  to  the  yeast 
variety  employed,  but  many  exaggerated  claims  have  been  made  in  this 
respect  by  too  ardent  advocates  of  the  pure  cultures.  Indeed  the  use  of 
pure  culture  yeast  in  vinification  is  practically  without  any  importance 
for  the  reason  that  it  implies  aprior  sterilization  of  the  must,  which  is  costly, 
and  above  all  detracts  from  the  flavor  of  the  wine.  If  wines  are  to  be 
re-ferment«d  pure  cultures  are  particularly  useful,  and  special  advantages 
are  also  derived  from  their  use  in  the  manufacturing  of  sparkling  wines. 

Undesirable  Micro-organisms  <^  the  Must  Among  the  micro- 
oi^anisms  occurring  on  the  ripe  grapes  together  with  the  genuine  wine- 
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yeasts  the  most  uuportaot  are  aacdtawmyces  apiculatus,  myeoderma  vim, 
and  acetic  acid  bacteria. 

The  small  lemon-ehaped  cells  of  saccbaromyees  a;»culatus  are  often 
present  in  sufficiently  large  numbers  to  start  the  alcoholic  fennentation 
of  the  must,  but  they  are  soon  superseded  by  the  more  vigorous  saccbaro- 
myees ellipsoideus.  They  produce  a  less  dearable  flavor  and  one  of  the 
purposes  in  using  pure  cultures  of  yeast  is  to  restrict  their  activity. 

Mycoderma  vtoi  forms  a  film  on  the  surface  of  the  wine  and  consumes 
alcohol,  transforming  it  into  carbonic  acid  and  water  by  oxidation.  Though 
it  may  not  be  directly  harmful,  it  thereby  renders  the  wine  less  reustant 
against  the  attacks  of  other  disease  germs. 

The  acetic  acid  bacteria,  minute  rods  that  are  often  united  in  long 
chuns,  produce  acetic  acid  from  alcohol  and  are,  therefore,  very  dangerous 
disease  germs.  As  little  as  0.1  to  0.15  per  cent  of  acetic  acid  makes  a 
wine  decidedly  "  pricked  "  and  with  a  content  of  0.23  per  cent  most  dry 
wines  may  be  considered  undrinkable.  Exclusion  of  the  atmospheric 
air  protects  against  the  growth  of  these  bacteria. 

Other  diseases  (turbidity,  imclean,  bitter  or  sour  taste,  ropiness,  etc.) 
are  occasionally  caused  by  other  bacteria,  especially  in  the  lighter  grades 
of  wine  or  in  wines  that  have  not  been  comj^etely  fermented. 

White.  Wines.  The  white  wines  are  produced  by  fermentation  of 
grape  juice  that  has  been  separated  from  the  skins,  seeds  and  stems. 
A  fermentation  of  this  kind  offers  comparattvety  little  difficulty,  but 
the  resulting  wine  is  decidedly  more  delicate  than  those  fermented  on 
the  skins,  whence  its  subsequent  treatment  and  proper  ripening  require 
greater  care. 

The  fermentation  is  usually  carried  on  in  casks  that  are  filled  to  J-iV 
of  their  capacity  with  grape  juice  and  the  bung  hole  b  closed  so  as  to  allow 
the  carbon  dioxide  to  escape  but  no  air  to  enter.  The  duration  of  the 
fermentation  is  from  one  to  two  weeks,  depending  oh  the  temperature, 
which  usually  is  60-70°  F.,  and  on  the  quantity  of  yeast  originally  present. 
In  California  wineries  temperatures  of  85-95°  ¥.  are  usually  employed. 
The  temperature  is  controlled  by  cool  water  coils  or,  according  to  the 
latest  experience,  simply  by  using  thin-walled  cement  fermenting  vats, 
which  radiate  beat  so  rapidly  that  they  automatically  control  fermenta- 
tion temperatures.  At  the  end  of  the  fermentation  the  yeast  sediment 
is  sometimes  stirred  up  again  in  4>rder  to  facilitate  the  complete  splitting 
up  of  the  sugar  and  the  reduction  of  acidity.  Only  where  extremely  favor- 
able conditions  (temperature)  prevail,  as  in  California,  fermentation  does 
not  stop,  when  the  wine  still  contains  1-4  per  cent  of  sugar.  In  the 
following  spring  and  summer  a  secondary  fermentation  sets  in  in  such 
wines. 

After  the  fermentation  is  over  the  wine  is  drawn  from  the  lees  into 
another  cask  in  which  some  sulphur  has  been  burned  to  check  the  further 
activity,  of  micro-organisms.    This  cask  is  completely  filled,  tightly  bunged 
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and  as  a  rule  kept  at  a  temperature  of  50-55"  F.  Before  the  rismg  tem- 
perature of  the  following  spring  causes  a  slight  revival  of  the  fermentar 
tion,  the  wine  is  racked  ofF  from  the  sediment  once  more,  and  this  process 
repeated  several  times  during  the  subsequent  ripening  period.  At  each 
racking  an  oxidation  takes  place,  resulting  in  precipitation  of  certain 
albuminoids  and  further  development  of  the  flavor,  until  finally  the  wine 
has  become  sufficiently  stable  to  be  filled  into  bottles. 

In  the  ordinary  grades  of  wine  this  ripening  is  generally  more  or  leas 
forced  by  means  of  a  more  thorough  aeration  during  the  racking,  artificial 
clarification  (filtration  or  use  of  fininge),  and  eventually  pasteurizatioa. 
Of  late  Hertzian  waves  are  utilised  for  aging  wine. 

The  simplest  form  of  wine  filter  is  a  cylindric  or  conical  linen  bag  into 
which  the  wine  is  poured  and  returned  until  it  runs  clear.  The  more 
modem  filters  are  closed  bo  as  to  protect  the  wine  from  the  air.  Their 
filtering  material  is  either  pure  cellulose  or  paper-pulp  (the  latter  enjoying 
the  greatest  popularity  in  this  country)  packed  into  one  or  more  filter- 
ing chambers  or  especially  prepared  asbestos-wool  stirred  up  with  a 
smaller  part  of  the  wine  and  pumped  into  the  filter  where  it  deposits  as 
a  uniform  layer  on  walls  formed  of  fine  wire  screens.  Asbestos  screens 
are  very  efficient;  they  practically  give  a  sterile  filtrate. 

Finings  are  added  to  the  wine  in  order  to  produce  a  very  finely  dis- 
tributed sediment  of  higher  specific  gravity  which  will  gradually  settle 
to  the  bottom,  carrying  with  it  all  suspended  solid  particles.  For  fining 
white  wines  isinglass  is  commonly  used.  It  is  soaked  in  water  and  at 
last  in  wine  until  nearly  transparent  and  then  vigorously  beaten  with  some 
more  wine  eventually  under  addition  of  tartaric  acid,  filtered  through 
linen  and  thoroughly  distributed  into  the  wine  in  the  cask.  One  ounce 
of  isinglass  can  generally  fine  200-500  gallons  of  wine  within  &-10  days. 
Casein  and  skimmed  milk  are  often  employed  with  great  advantage  for 
fining  defective  wines. 

Red  Wines.  The  red  wines  derive  their  characteristics  from  being 
fermented  in  contact  with  the  skins  of  red  grapes,  from  which  they  extract 
not  only  coloring  matter  but  also  a  variety  of  other  substances,  especially 
tannins.  Normal  red  wines  contain  from  0.1  to  0.3  per  cent  of  tannin 
while  the  percentage  of  this  substiince  in  white  wine  does  not  as  a  rule 
exceed  0.02  to  0.04  per  cent.  Owing  to  this  high  content  of  tannin  the 
ripening  of  red  wines  is  a  comparatively  eSsy  matter  once  the  fermentation 
has  been  properly  carried  through,  but  the  presence  of  the  skins  at  the 
fermentation  on  the  other  hand  ^ves  rise  to  several  difficulties  during 
this  process. 

The  carbon  dioxide  carries  the  skins  to  the  surface  where  they  form 
the  s(H:alled  cap,  which  must  be  pushed  down  repeatedly  in  order  to 
insure  proper  extraction  and  uniformity  of  fermentaticm.  Closed  casks 
are  therefore  less  suitable  and  in  the  open  tubs,  which  are  generally  used, 
there  is  great  danger,  however,  of  acetification  owing  to  the  free  exposure  ot 
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the  cap  to  the  air.  To  overcome  these  difficulties  the  fermenting  tuba  are 
often  provided  with  removable  grates  that  are  held  in  horizontal  position 
about  5  ins.  below  the  surface  of  the  liquid  thus  prohibiting  the  skins  from 
rising  to  the  surface.  To  insure  proper  uniformity  the  wine  is  drawn  off 
at  intervals  from  the  bottom  of  the  tubs  and  pumped  back  to  the  surface. 

The  temperature  during  fermentation  of  red  mne  is  usually  65  to 
85°  F.  As  red  wines  are  mainly  produced  in  southern  countries  it  is 
often  difficult  to  prevent  the  temperature  from  lisaag  too  h^,  a  cmi- 
siderable  amount  of  heat  being  generated  by  the  decomposition  of  the 
sugar.  Too  high  temperature  not  only  facilitates  the  growth  of  various 
bacteria  but  also  prevents  the  yeast  from  completing  the  fermentation,  the 
result  being  a  wine  of  poor  quality  ("  stuck  wine  ")  and  easily  subject  to 
further  deterioration.  Artificial  cooling  is  therefore  often  resorted  to, 
water  being  circulated  through  cooling  aals  in  the  tubs  or  the  wine  being 
pumped  through  enclosed  coolers. 

After  being  fermented  the  red  wine  is  drawn  off  into  casks,  which, 
however,  are  only  sulphured  in  exceptional  cases,  because  most  red  wioea 
do  not  need  this  protection  and  would  be  more  or  less  bleached  by  the 
sulphurous  acid.  Red  wines  are  ripened  in  practically  the  same  way  aa 
white  wines  but  less  time  and  fewer  raddngs  are  required  to  render  them 
sufficiently  stable  for  bottling. 

The  red  wines  are  mostly  fined  with  gelatine  or  white  of  egg.  The 
gelatine  is  soaked  in  water  overnight,  dissolved  in  wine  by  gentle  heat- 
ing, cooled,  stirred  up  with  some  more  wine  and  added  to  the  cask. 
One  ounce  of  gelatine  is  required  for  50-120  gallons  of  wine.  Whites  of 
eggs  are  often  used  to  fine  the  better  grades  of  red  wine,  one  white  for  every 
S-12  gallons.  They  are  first  beaten  to  a  foam,  pressed  through  a  heavy 
Imen,  and  then  stirred  up  with  some  of  the  wine  before  b^ng  added  to  its 
bulk. 

Sweet  and  Dessert  Wines.  The  white  and  red  wines  referred  to  above 
are  all  dry,  i.e.,  practically  all  of  their  sugar  having  been  fermented.  The 
sweet  wines  and  the  dessert  wines  on  the  other  hand  contain  unfermeuted 
sugar  besides  a  high  or  even  very  high  percentage  of  alcohol.  The  typical 
sweet  wines  such  as  "  Auslese  "  rhinewine,  sauteme,  or  tokay  contun  much 
sugar,  but  their  alcohol  is  produced  by  fermentation  and  consequently  ' 
does  not  exceed  13  per  cent  by  weight.  The  dessert  wines  such  as  port, 
sherry,  madeira  and  malaga  are  less  sweet  but  gen^^y  contfun  from 
15  to  20  per  cent  by  weight  of  alcohol,  part  of  which  has  been  artiffcally 
added. 

The  "  Auslese  "  wines  and  sautemes  are  produced  from  grapes  attacked 
by  a  certain  mold,  hotrytia  dnerea,  which  finds  favorable  conditions  for 
its  growth  in  a  foggy,  cool  climate  without  too  much  rain.  It  causes  the 
grapes  to  shrink  and  to  partly  dry  up;  the  must  being  accoidin^y  more 
concentrated  and  possessed  of  a  pecuharly  fine  flavor.  The  fermentation 
is  carried  out  with  a  view  to  produce  enough  alcohol  to  prevent  further 
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changes,  but  BiDce  sugar  is  left  unfermented  these  wines  are  prone  to 
aftei-fermentation,  and  as  a  rule  need  heavy  sulphuring  to  become  stable. 

In  certain  territories  the  dry  and  warm  climate  allows  the  grapes  to 
dry  up  similar  to  raisins  before  they  are  picked.  These  yield  a  very  con- 
centrated must.  The  tokay  wines  of  Hut^ary  are  made  from  such  grapes, 
extracted  with  normally  fermented  dry  wines  and  pressed.  Imitated 
tokay  is  made  in  a  similar  way  from  ordinary  dried  raisins  or  from  must 
concentrated  by  boiling  in  vacuo. 

The  various  dessert  wines  contain  more  alcohol  than  can  be  produced 
by  fermentation.  An  addition  of  alcohol  is  therefore  necessary,  and  is 
often  combined  with  an  addition  of  condensed  must  or  si^ar.  The  alcohol 
may  be  added  either  at  the  end  of  the  fermentation  or  at  an  earlier  stage, 
in  the  latter  case  preventing  part  of  the  sugar  contained  in  the  must  from 
being  fermented.  The  addition  is  often  made  step  by  step,  part  of  the  total 
amount  required  being  added  at  each  racking  and  thoroughly  mixed  with 
the  wine.  During  the  ripenii^  period  the  dessert  wines  are  kept  at  a  com- 
paratively h^h  temperature  and  freely  aerated.  This  resulta  in  the  devel- 
opment of  the  peculiar  flavor  known  as  madeira  and  sherry  flavor. 

Sparkling  Wines.  The  sparkling  wines  are  produced  from  either  red 
or  colorless  grates,  the  juice  alone  being  fermented  as  usual  for  dry  white 
wines.  After  being  drawn  off  from  the  lees  the  wine  is  racked  once  more, 
a  too  high  content  of  albuminoids  being  eventually  decreased  by  an 
addition  of  tamiin.  The  wine  is  blended  in  large  v&U  or  casks  with  a 
view  to  produce  a  uniform  product  from  one  year  to  another,  and  enough 
sugar  solution  is  added  so  that  a  pressure  of  about  5  atmospheres  (73.5 
lbs.  per  sq.  in.)  can  develop  during  the  subsequent  fermentation  in  bottles. 
Furthermore  a  culture  of  selected  pure  yeast  is  oftOQ  added,  and  the 
-  wine  is  then  bottled  and  corked,  preferably  in  the  spring,  because  the 
rising  temperature  facilitates  fermentation.  When  bottled  the  wine  has 
a  temperature  of  65-72°  F.,  but  the  bottles  are  kept  at  about  50°  F., 
when  the  fermentation  has  started.  This  temperature  must  be  kept  as 
constant  ae  poedble  to  avoid  breakage.  The  duration  of  the  bottle  fer- 
mentation varies  from  one-half  to  two  years.  When  the  proper  piessure 
is  reached  the  bottles  are  placed  in  a  slantir^  position  on  special  stands, 
their  necks  being  a  little  lower  than  their  bottoms.  A  short  shaking 
and  turning  movement  is  imparted  to  them  once  a  day  during  about 
six  weeks  white  they  are  gradually  raised  to  a  vertical  position  neck 
down.  In  this  way  the  yeast  sediment  is  carried  down  on  the  cork,  leaving 
the  wine  entirely  clear.  This  process  can  be  greatly  facilitated  by  the 
use  of  a  proper  variety  of  yeast;  i.e.,  one  combining  a  strong  fermenting 
power  with  a  tendency  to  grow  in  larger  clusters. 

The  bottles  are  now  taken  to  the  uncorking  room  and  eventuaUy  cooled 
to  bind  the  carbon  dioxide  more  firmly.  The  uncorking  requires  a  good  deal 
of  skill.  The  operator  holds  the  bottle  in  a  slanting  position  and  gradually 
loosens  the  cork  until  it  is  thrown  out  1^  the  pressure  together  with  the 
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whole  eedimeiit.  Especially  practicable  is  the  method  of  Walford,  who 
puts  the  neck  of  the  inverted  bottle  in  a  glycerol  bath  of  4°  F.  In  a  short 
time  the  lower  portion  in  the  neck  is  frozen  and  forced  out  as  a  plug  on 
opening  the  bottle.  At  the  same  instant  the  bottle  must  be  turned 
upright  and  preliminarily  closed.  The  "  dosing  "  of  champagne  is  per- 
formed by  adding  some  sugar  dissolved  in  wine  before  the  bottles  are 
finally  corked,  the  quantity  varying  greatly  according  to  the  require- 
ments of  the  trade.  The  su^r  solution  is  thoroughly  distributed  by  shak- 
ing and  the  bottles  preferably  kept  in  stock  for  some  time  before  being 
consumed  in  order  that  the  taste  be  more  harmonious  and  the  carbon 
dioxide  more  permanently  bound. 

Imitation  champagne  is  made  by  saturating  white  wine  with  carbonic 
acid  under  pressure  in  a  suitable  apparatus,  but  such  sparkling  wines  are 
generally  lacking  in  life  and,  when  poured  into  the  glass,  do  not  show  the 
same  permanent  sparkling  as  those  made  by  the  slow  process  of  bottle 
fermentation. 

Diseases  and  Defects  ci  Wine.  The  biological,  chemical  and  physical 
processes  involved  in  vinification  not  always  progress  in  the  desired 
direction,  thus  giving  rise  to  various  diseases  and  defects  of  wine.  Diseased 
wines  finally  spoil  completely  if  no  preventive  measures  are  taken  in 
tim6,  while  defective  wines  remain  potable,  but  possess  an  "  off  "  flavor 
and  taste.  Most  diseases  arc  caused  by  micro-oi^anisms.  Particularly 
prone  to  diseases  are  wines  derived  from  must,  which  were  prepared  from 
diseased  (rotten)  grapes.  Pasteurization  affords  -the  best  protection,  but 
is  not  always  apphcable,  especially  not  with  quality  wines,  on  account  of 
its  detrimental  effect  on  flavor  and  taste.  Wines  in  bulk  are  usually 
pasteurized  at  175"  F.  (80*  C.) ;  with  bottled  goods  150°  F.  is  the  maximum 
temperature  permissible.  In  both  cases  the  time  of  exposure  to  the  maxi- 
mum temperature  is  very  short,  hardly  exceeding  two  to  three  minutes. 
In  many  cases  troubles  may  be  remedied  by  filtration,  combined  with 
fining  (using  charcoal,  gelatin,  tannin,  casein,  milk),  aSration  and  heavy 
sulphuring;  in  very  severe  cases  re-fermentation  (with  pure  culture  yeast) 
is  the  last  means  resorted  to.  Following  are  enumerated  the  most  com- 
mon diseases  and  defects  of  wine: 

Acelification  (the  worst  of  all,  caused  by  various  bacteria). 

Mousy  taste  (developed  in  win^  stored  together  with  partly  autolized 
yeast  at  too  high  temperatures). 

Film  formation  (caused  by  certain  yeasts). 

Lactic  turn  (effected  by  numerous  varieties  of  lactic  bacteria). 

Ropiness   (caused  by  slimy  fermentation  due  to  certain  anaerobic    - 
organisms). 

Bitter  laste  (due  to  oxidation  of  tannin;  rarely  met  in  white,  but  fre- 
quently in  red  wines,  especially  when  the  grapes  were  infested  with 
botrytis  and  penicillium). 

Discoloration  (due  to  oxidation  with  the  aid  of  oxidases  of  substances 
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extracted  from  skins,  kernels  and  stems  or  to  the  presence  of  an  excessive 
quantity — over  0.003  per  cent — of  iron). 

Clouding  (turning)  of  finished  wines  (due  to  suspended  organized 
matter — bacteria,  etc. — or  to  precipitation  of  unorganised  substances  due 
to  overfining  or  unproper  blending). 
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CHAPTER  XLI 

DISTILLED  UQUORS  AND  INDUSTRIAL  ALCOHOL 

GUSTAVE  L.  OOOB 

Fermetttolotitt,  LaFayeUe,  /ni. 

In  the  two  previous  chapters  on  "  Brewing  and  Malting,"  and  "  Wine 
Making,"  the  preparation  of  beverages  was  described,  the  alcohol  content 
oi  which,  with  the  exception  of  fortified  wines,  was  obtained  solely  by  the 
activities  of  microecopic  plants,  viz.,  yeast  cells.  The  craving  for  alcoholic 
stimulants  stronger  than  beer  and  wine  led  to  the  concentration  of  the 
alcohol  contained  in  fermented  grain  maahes  or  wines  by  a  process  termed 
distillation. 

Although  the  ancients  knew  of  this  process,  ihe  oldest  records  of 
its  application  for-  obtaining  concentrated  alcohol  show  that  Arabian 
doctors  used  the  latter  for  medicinal  purposes  as  early  as  the  tenth  centiuy. 
Up  to  abouir  the  fifteenth  century,  the  production  of  many  varieties  of 
distilled  or  spirituous  liquors  was  mainly  carried  out  by  the  monks,  who 
zealously  guarded  the  secret,  as  is  done  even  to-day  in  some  of  the  monas- 
teries famous  for  the  exquisite  liqueurs  and  cordials  that  they  prepare. 
From  about  the  fifteenth  century  on,  distilling  became  better  known  among 
the  people,  at  first  being  a  household  practice.  When  laws  were  passed  by 
some  governments,  placing  a  tax  on  distilled  spirits,  and  later  forbidding 
distilling  operations  unless  they  were  under  government  supervision,  an 
infant  industry  soon  developed.  It  is  thus  a  comparatively  easy  matter 
to  trace  the  history  of  the  development  of  alcohol  distillation  from  the  laws 
made  by  various  governments,  r^ulating  the  tax  and  restrictions  imposed 
upon  the  manufacture  of  distilled  Uquor  for  drinking  purposes  or  of 
alcohol  for  employment  in  Hie  technical  arts.  The  severity  of  such  laws 
was  frequently  protested  against  by  the  people.  Even  in  the  history  of 
the  United  States  there  is  an  instance  of  this  kind,  which  occurred  in 
Western  Pennsylvania  in  1792  to  1794,  when  the  new  excise  regulation 
for  whiskey  caused  such  a  storm  of  protests,  supplemented  by  violence, 
that  President  Washington  was  compelled  to  call  out  the  militia  to  quell 
this  so-called  "  Whiskey  Insurrection." 

Distilled  Liquors.  Distilled  hquors  differ  greatly  in  flavor  and  gen- 
eral character,  being  influenced  in  these  respects  t^  the  materials  and 
the  methods  employed  in  theu*  production.    Their  names  vary  according 
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to  the  Datioirpi^ucuiS  them.    Among  the  best  known  distilled  or  spirit- 
uous liquors  are: 

1.  Whiskey.  Made  from  malt  and  unmalted  cereals  lb  the  United 
States,  England,  Scotland,  Ireland,  and  Canada. 

2.  Kornbrannlwein.  Prepared  from  malt  and  rye,  sometimes  maise. 
Produced  in  Germany. 

3.  Schnapps,  Is  much  consumed  in  Germany,  fdso  some  of  the 
ne^bboring  European  coimtries.  Represents  diluted  rectified  alcohol, 
obtained  chiefly  from  potatoes.  It  often  is  flavored  or  sweetened  accord- 
ing to  the  desired  taste. 

4.  Brandy.  Obtained  generally  from  grape-wine,  but  also  the  fer- 
mented juice  of  many  fruits.  Prepared  chiefly  in  France  fuid  the  United 
States. 

5.  Gin.  Produced  from  malt  and  usually  rye  or  barley.  Manufac- 
tured chiefly  in  Holland,  but  also  in  England  and  the  United  States. 

6.  Rum.  Made  from  molasses  in  the  West  Indies  and  other  sugar- 
cane-growing vicinities. 

7.  Slibowitz.  Produced  from  the  prune-type  plum.  Used  commonly 
in  Austria  and  some  of  the  Balkan  States. 

8.  Arrack.  Prepared  from  pabn-wine,  rice  and  mt^asses.  Produced 
in  Siam,  East  India,  Java,  and  also  Jamaica. 

9.  Vodka.  Made  from  rye  and  barley  malt.  'Potatoes  or  maize 
also  are  sometimes  used  instead  of  rye.    Is  the  common  liquor  of  Russia. 

10.  Cardials  or  Liqueurs.  Manufactured  chiefly  in  France,  Gennany 
and  the  United  States. 

Before  describing  the  manufactiue  of  the  various  tjrpes  of  distilled 
liquors,  a  few  remarks  regarding  the  most  important  constituent,  the 
alcohol,  are  necessary. 

Ethyl  or  Fermentation  AlcohoL  Ethyl,  grain,  or  fermentation  alcohol 
is  obtained  by  the  fermentation  of  sugar  solutions,  under  which  heading 
the  mashes  from  the  sacchariflcation  of  starch-containing  materials  are 
included.  Besides  ethyl  alcohol,  small  amounts  of  higher  alcohols,  such 
as  amyl,  propyl  and  iaobutyl  alcohols,  are  produced  during  fermentation. 
These  are  more  or  less  undesirable  in  distilled  liquors  that  are  used  for 
drinking  purposes;  hence  most  distillers  remove  tbem  by  rectifying  and 
refining  the  distillate,  also  by  filtering  it  through  crushed  bone-black 
or  charcoal. 

In  its  absolutely  pure  fonn  ethyl  alcohol  has  a  speciflc  gravity  of 
0.7935  at  60"  F.  Many  authorities  differ  slightly  on  this  subject  and  a 
specific  gravity  of  0.7938  is  mostly  used  in  various  tables.  Ethyl  alcohol 
is  a  limpid,  colorless  liquid  that  possesses  a  pungent  taste  and  a  vinous, 
^reeable  odor.    It  is  miscible  with  water  in  all  proportions. 

Proof-spirit.  Although  the  correct  and  scientific  manner  of  designat- 
ing the  alcoholic  strength  of  a  liquor  is  to  state  it  as  per  cent  by  weight, 
the  per  cent  by  volume  is  generally  employed,  and  in  England  and  the 
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United  States  etill  more  the  term  proof-spirit.  This  is  the  old-fashioned 
way  (u  expressing  the  amount  of  alcohol  of  spirit,  and  unfortunately  has 
survived  to  the  present  day  in  excise  r^ulations  and  in  the  trade. 

According  to  the  old  English  law,  the  term  proof-spirit,  as  used  for 
excise  purposes,  desigjiates  an  alcoholic  liquor  that  weighs  exactly  twelve- 
thirteenths  of  the  weight  of  an  equal  bulk  of  water,  at  a  temperature  of 
61°  F.  The  specific  gravity  of  such  proof-spirit  at  a  tonperature  of  60°  F. 
is  0.9198.  It  contains  49.24  per  cent  alcohol  by  weight  and  57.06  per 
cent  by  volume.  Spirits  weaker  than  proof  are  designated  U.  P.  or 
under-proof,  and  stronger  than  proof  as  0.  P.  or  over-proof. 

Id  the  Unit^  States  the  proof-spirit  is  considerably  lower  than  in 
England,  being  only  42.52  per  cent  alcohol  by  weight  and  50.0  per  cent 
by  volume.  The  instrument  adopted  by  the  United  States  government 
for  ascertaining  the  stren^h  of  spirit  is  the  Tralles  hydrometer,  which 
indicates  the  per  cent  alcohol  by  volume  at  60°  F.  Tralles'  alcohol  had 
a  specific  gravity  of  0.7946  at  60°  F.,  or  in  other  words  contained  0.25 
per  cent  water  when  compared  to  alcohol  of  a  specific  gravity  of  0.7938. 

DiatiUation.  This  process,  as  applied  to  alcohohc  liquors,  consists  of 
evaporating  or  volatifizing  the  alcohols  obtained  by  fermentation  and  then 
passing  the  vapors  to  a  condenser,  in  which  they  are  cooled  and  condensed. 
The  apparatus  used  in  distilleries  varies  from  the  simplest  form  of  a  copper 
Btiil  and  worm  condenser  to  the  modem  fractionating  type.  Primitive 
pot-stills  often  are  employed  by  some  distillers  who  claim  that  a  cer- 
tain characteristic  flavor  of  their  whiskey  can  only  be  obtained  in  this 
way.  Such  are  also  used  for  UUcit  distilling,  namely,  making  so-called 
"  moonshine  "  whiskey.  There  are  numerous  types  of  modem  stills  which 
allow  a  continuous  combined  distillation  and  rectification  and  two  of  the 
most  conunonly  employed  ones  are  described  in  Chapter  L. 

Rectification  avd  Refining.  The  first  portion  of  alcohol  distilled  from 
the  fermented  mash  or  liquor  is  a  crude  milky  spirit.  It  contains  more 
or  less  undesirable  alcohols,  collectively  temied  fusel  oil  and  consisting 
chiefly  of  amyl,  propyl  and  isobutyl  alcohols.  The  vapors  of  these  are 
considerably  heavier  than  those  of  ethyl  alcohol.  In  distilling  practice 
they  are  therefore  collected  in  a  special  vessel,  from  where  the  condensed 
liquid  can  either  be  separated  from  the  distillate  proper,  or  it  can  be  run 
back  into  the  stiU. 

The  last  portion  of  the  vapors  obtained  from  the  still  contains  com- 
paratively little  alcohol.  The  excess  water  to  a  great  extent  is  held 
back  in  the  "  doubler,"  or  rectifying  vessel,  of  which  one,  two,  or  some- 
times even  three,  are  placed  between  the  still  and  the  worm  in  the  older 
apparatuses. 

When  very  concentrated  alcohol,  namely,  rectified  spirit,  which 
contuns  about  95  per  cent  pure  alcohol,  is  desired,  the  rectification  must 
be  carried  out  very  thoroughly,  which  can  easily  be  done  in  the  modem 
stills.    ,  • 
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The  alcoholic  distillatea  are  also  Bometimee  purified  by  passiiig  them 
through  a  bed  or  thick  layer  of  ground  charcoal  of  bone-black,  'fbis  is 
done  to  remove  more  completely  the  objectionable  fusel  oil  or  any  other 
oils  or  ethers  volatilized  during  distillation.  This  practice  is  mainly  con- 
fined to  certain  types  of  whiskey  and  to  rectified  spirits. 

Under  the  term  whiskey  is  understood  the  potable  spirit  distilled 
from  fermented  mashes,  made  either  from  malt  aioae  or  a  mixture  of 
malt  and  unmalted  cereals.  The  latter  usually  are  barley,  rye,  maiee 
(Indian  com),  oats  and  wheat.  Tbe  malted  cereals  generally  are  barley 
malt,  rye  malt,  wheat  malt,  and  in  a  few  instances  oat  malt. 

Genuine  whiskeys  are  of  three  different  types:  American,  Scotdi, 
and  Irish.  They  differ  vastly  in  flavor,  body  and  color.  Space  will 
not  allow  describing  in  detail  the  process  of  manufacture  of  each  of  the 
whiskeys,  and  for  this  reason  only  a  general  description  can  be  given. 

American  Whiskey.  In  the  United  States  two  distinctive  types  <rf 
whiskey  are  produced,  namely,  rye  and  Bourbon.  The  grain  used  for 
manufacturing  rye  whiskey  is  a  mixture  of  rye  malt  or  barley  malt  and 
unmalted  rye.  Bourbon  whiskey  was  originally  prepared  in  Bourbon 
County,  Kentucky,  and  is  made  from  barley  malt  or  wheat  malt  uid 
maize  (Indian  com). 

Some  whiskeys  are  designated  as  "  sour  mash  "  whiskeys.  In  their 
preparation,  the  raw  material  is  "scalded,"  or  mashed  with  spent  beer, 
namely  the  liquid  portion  that  remains  from  the  distillation  of  a  previoos 
mash.  In  distinction,  a  "  sweet  mash  "  whiskey  is  one  where  fresh  water 
is  employed. 

'The  quantity  of  malt  used  amounts  to  from  10  to  16  per  cent  of  the 
total  weight  of  the  materials  in  the  lower  grades  of  whiskeys,  and  from  20 
to  50  per  cent  in  the  better  grades.  Few  whiskies  are  made  from  malt 
alone. 

The  taste  and  general  character  of  the  different  whiskeys  vary  aceord- 
ing  to  the  materials  employed,  their  quality — with  special  reference  to 
the  malt — and  to  the  methods  of  mashing,  fermentation,  distillation,  and 
aging  of  the  distilled  liquor.  The  finer  the  quality  of  the  materials  and  the 
higher  the  percentage  of  malt  the  better  will  be  the  taste  and  flavor  <rf 
the  product. 

Maliing.  The  same  general  principles  of  malting,  as  outlined  under 
the  chapter  of  "  Brewii^  and  Malting,"  are  carried  out  to  a  great  extent 
when  manufacturing  distiUera'  malt.  Special  attention  is  given  so  that 
tbe  resulting  malt  is  of  the  highest  possible  diastatic  power  or  strength, 
fflnce  the  jdeld  in  gallons  of  spirit  is  materially  affected  thereby.  InferiOT 
diastatic  malts  give  rise  to  difficulties  in  the  saccharification  of  the  starch 
contained  in  the  unmalted  cereal,  which  means  a  loss  of  alcohol.  For  that 
reason,  the  malt  should  not  only  be  prepared  from  tbe  best  grade  of  six- 
rowed  barley,  wheat,  or  rye,  but  during  the  growing  and  kiln-drying 
periods,  all  precautions  must  be  observed  to  minimize  the  danger  of  a 
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weakening  effect  upon  the  diastase  produced  by  the  germination  of  tbe 
grain. 

The  acrospire  or  leaf  of  the  sprouting  grain  ia  iisually  allowed  to  grow 
to  the  length  of  the  kernel  itself  at  low  and  very  uniform  temperatures. 
The  aprouted  grain  is  then  kiln-dried  or  cured  by  passing  lai^e  volumea  of 
of  air  through  it.  During  the  first  twenty-four  hours,  the  temperature  of 
this  air  should  not  exceed  90°  F.  and  in  the  next  twenty-four  hours  more 
heat  is  applied  until  the  temperature  during  the  last  five  to  six  houra  is 
about  120  to  130"  F.  Higher  kilning  temperatures,  especially  during  the 
first  twenty-four  hours,  will  greatly  reduce  the  diastatic  strength  of  the 
malt. 

Unmcdied  Cereals.  Indian  com,  or  maize,  is  most  commonly  employed 
for  American  whiskeys.  White  flint  i»m  is  needed  for  the  best  grades. 
Rye  is  mainly  used  for  producing  whiskey  bearing  this  name,  whereas 
wheat  has  generally  been  too  expensive  in  recent  years.  The  employ- 
ment of  potatoes  has  never  found  favor  among  American  distillers. 

All  of  these  cereals  should  be  well  matured  in  the  field  and  thoroughly 
dried  before  storage  in  the  bin.  The  taste  and  odor  should  be  clean  and 
agreeable,  and  under  no  circumstances  should  it  be  mouldy,  sour  or  rancid. 

Mashing  Operations.  In  the  manufacture  of  American  whiskeys, 
the  mashing  operations  consist  of: 

1.  Pastifying  the  starch  of  the  unmalted  cereals. 

2.  Changing  the  pastified  starch  and  that  of  the  malt  to  fermentable 
sugar  (maltose).  The  more  maltose  obtained,  the  higher  will  be  the 
yield  of  alcohol. 

The  pastifying  of  the  starch  of  the  unmalted  cereals  is  accomplished 
by  mixing  IS  to  26  gallons  of  water — temperature  about  140*  F.  per  bushel 
— usually  taken  at  56  pounds — of  the  finely  ground  cereal,  in  a  suitable 
vessel.  A  sm^l  amount  of  malt  is  generally  added  in  order  to  assist  in 
the  pastification  of  the  starch,  but  the  quantity  depends  upon  the  total 
percentage  of  malt  used  in  the  preparation  of  the  whiskey. 

Most  small  distilleries  employ  a  wooden  or  iron  cylindrical  tank  for 
both  the  pastifying  of  the  starch  and  the  final  inversion  of  the  mash.  In 
larger  plants  a  special  vessel,  tenned  cooker  or  converter,  in  which  the  mash 
can  be  boiled  under  pressure,  is  available.  Such  pressure  cookers  allow  a 
better  pastification  of  the  starch,  since  the  raw  cereal  mash  can  be  heated 
under  pressures  corresponding  to  temperatures  of  250  to  300°  F.  In  that 
case  the  mash-tank  proper  is  a  separate  vessel. 

After  adding  the  ground  grun  to  the  water,  the  mixture  is  agitateed 
by  means  of  a  stirring  device  and  gradually  heated  to  boiling  by  live  st«am. 
In  open  cookers,  the  mash  is  boiled  for  one  hour,  or  longer,  and  as  soon 
as  the  starch  has  been  properly  pastified  it  is  cooled  by  adding  cold  water 
or  by  passing  cold  water  through  a  coil  situated  in  the  tank.  When  the 
temperature  has  been  reduced  to  about  150°  F.,  the  finely  ground  malt  is 
added,  lowering  the  temperature  of  the  entire  mash  to  about  140°  F. 
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After  mafihin^  at  140°  P.,  for  one-half  hour  or  looger,  the  macih  is  heated  to 
150  to  155"  F.  by  nieans  of  live  steam.  Mashing  operatioofi  are  continued 
for  a  short  time  and  the  maeh  then  cooled  to  66  to  72°  F.,  either  by  means 
of  the  cooling  coils  in  the  mash-tank  or  by  piunping  the  mash  through  a 
double-pipe  cooler. 

Fermentation.  The  almost  completely  saccharified  mash  is  now 
ready  for  the  addition  of  the  yeast  in  order  to  induce  fermentation.  The 
liquid  portion  generally  contains  12  to  13  per  cent  of  soluble  substances, 
of  which  almost  90  per  cent  is  sugar  (maltose).  Since  the  diastase  was 
Dot  entirely  destroyed  during  the  mashing  operations,  it  still  acts  upon 
any  uninverted  starch  and  certain  types  of  dextrine  during  the  fermen- 
tation period,  thereby,  changing  them  into  fermentable  sugar. 

During  the  summer  months  the  mash  is  cooled  to  about  66"  F.  and 
in  winter  to  72'*  F.  As  soon  as  the  yeast  becomes  active  the  t^nperature 
rises  and  as  a  rule  is  allowed  to  go  up  to  88-90°  F.  but  not  h^er.  The 
temperature  of  the  fermenting  mash  is  held  at  about  90°  F.,  which  ia 
accomplished  by  circulating  cold  water  through  attemporator  coils  with 
which  the  fermenters  are  equipped.  In  three  and  at  the  utmost  four  days 
the  fermentation  is  completed  and  the  fermented  mash  ia  ready  for  passing 
to  the  still. 

Pistillers'  yeast  is  a  higher  attenuating,  top-fermenting  variety  of 
Sacckaromyces  CerevisitB.  There  are  numerous  types.  The  many 
generations  that  they  have  grown  in  distillery  mashes  caused  such  yeasts 
to  become  acclimatized  for  obtaining  a  quick,  most  complete  fermenta- 
tion of  the  sugar.  In  recent  years,  jmre  euUure  yeasts,  propagated  accord- 
ing to  the  Hansen  single-cell  method,  have  been  introduced  extensively. 
The  types  selected  were  such  as  bad  been  found  in  practice  to  give 
especially  high  alcohol  yields. 

The  condition  of  the  yeast  at  the  time  of  adding  it  to  the  cooled  mash 
is  of  vital  importance.  The  individual  cells  should  be  young,  vigorous 
and  in  a  very  active  state  of  reproduction.  The  yeast  is  prepared  by 
taking  a  small  amount  reserved  from  a  previous  fermentation  and  propa- 
gating it  in  a  small  special  mash  made  from  either  barley  or  rye  malt 
alone,  or  together  with  unmalted  rye,  barley  or  wheat.  As  a  rule  this 
special  mash  amounts  to  about  5  per  cent  of  the  volume  of  the  big  mash. 

The  most  conmion  practice  ia  to  use  equal  weighte  of  barley  malt 
and  ground  rye.  The  latter  is  scalded  with  water  of  about  170°  F.  After 
stirring  for  about  ten  minutes,  the  ground  malt  is  run  in  and  the  maeh 
held  at  a  temperature  of  about  150°  F.  for  two  hours.  The  saccharometer 
indication  of  the  liquid  portion  of  this  mash  should  be  22  to  25  per  cent 
Billing. 

The  mash  is  now  cooled  to  118-120°  F.  and  by  allowing  it  to  stand 
at  this  temperature  for  forty  to  forty-eight  hours,  a  spontaneous  souring, 
due  te  the  development  of  lactic  acid  bacteria,  occurs.  The  addition  of 
about  3  per  cent  of  a  pure  culture  of  mash  lactic  acid  bacteria  {Bacillus 
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Ddbruckii)  wiU  effect  the  desired  sourii^  in  eighteen  to  twenty-four 
hours,  and  thia  method  is  now  being  introduced  in  many  distilleries. 

After  this  mash  has  become  sour,  it  ia  heated  to  170°  F.  and  held  at  this 
temperature  for  about  twenty  minutes  in  order  to  kill  the  lactic  acid 
bacteria.  The  mash  is  next  cooled  to  85"  F,  by  circulating  cold  water 
through  the  attemporator  coil.  A  small  amount  of  yeast  is  now  added  and 
when  fermentation  sets  in,  the  temperature  is  slowly  reduced  to  80°  F. 
As  soon  as  the  saccharometer  indication  has  decreased  to  7  or  8  per  cent 
Balling,  the  fermenting  mass  is  run  into  the  cooled  big  mash. 

The  employment  of  this  souring  process  by  the  action  of  lactic  acid 
bacteria  not  alone  adds  to  the  peculiarity  of  flavor  of  the  whiskey,  bat  also 
is  a  desirable  saf^uard  against  the  development  of  foreign  microorganisms 
during  fermentation,  especially  acetic  acid  bacteria,  which  produce  acetic 
acid  at  the  expense  of  the  alcohol.  The  mildly  acidified  nain  mash 
also  allows  a  more  vigorous  and  quicker  fermentation. 

DiatiUaiion  and  Storage,  As  soon  as  the  fermentation  is  complete 
the  hquor  is  brought  to  the  still  and  the  alcohol  distilled.  After  distil- 
lation, the  spirit  is  stored  in  heavily  charred  oak  barrels.  Such  charred 
casks  impart  color  to  the  whiskey  and  aid  in  the  process  of  maturation. 
During  the  latter  period  the  whiskey  is  stored  in  bonded  warehouses, 
from  which  it  cannot  be  removed  until  the  government  tax  has  been 
paid.  The  latter  is  SI. 10  per  proof-gallon.  The  entire  manufacture  and 
storage  of  the  whiskey  is  under  the  supervision  of  government  officials, 
and  no  steps  can  be  taken  without  notifying  the  revenue  officer,  located  at 
the  distillery. 

Scotch  Whiskey.  Two  difTerent  types  of  whiskey  ve  made  in  Scot- 
land. The  one  that  is  the  characteristic  Scotch  whiskey  is  n:ade  from 
barley  malt,  and  is  usually  termed  pot-still  whiskey,  owing  to  the  old- 
fashioned  style  of  still  used  in  its  distillation.  The  other  type  is  called 
patentr-still,  or  grain  whiskey.  It  is  made  from  barley  malt  and  unmalted 
cereals,  mostly  com  imported  from  the  United  States.  Rye  and  oats 
also  are  sometimes  used. 

The  geniune  Scotch  whiskeys  are  characterized  by  a  peculiar  smoky  . 
fiavor  and  taste,  which  originate  from  the  malt.  This  is  due  to  the 
employment  of  various  kinds  of  peat  as  fuel  for  curing,  namely  kiln-drying, 
the  malt.  This  peculiarity  distinguishes  the  genuine  Scotch  whiskeys 
from  all  other  types.  They  are  generally  stored  about  five  years,  or  longer, 
during  which  time  the  whiskey  acquires  a  rich,  mellow  taste  and  improves 
greatly  in  flavor. 

The  patent-still  whiskeys  lack  this  smoky  flavor  and  taste.  They 
are  more  similar  to  some  of  our  American  whiskeys,  both  as  to  the  general 
methods  of  manufacture  and  also  as  to  taste  and  flavor. 

Irish  Whiskey.  Most  of  the  Irish  whiskey  is  of  the  pot-still  type. 
It  is  usually  prepared  from  30  to  50  per  cent  barley  malt,  the  remainder 
bong  rye,  barley,  oats,  wheat  or  a  mixture  thereof.    The  malt  is  not 

D,uMz.;l;,V.OOglC 


672  INDUSTRIAL  CHEMISTRY 

peat  cured  fmd  the  resulting  wbiBkeys  have  a  characteristic  clean  flavor 
and  an  ethereal  bouquet.  They  are  very  "dry,"  namely  alcoholic  in 
taste. 

The  few  Irish  pateoWtill  diatilleries  employ  similar  metiiods  to  those 
used  in  Scotland. 

Korabranntwein  and  Schnapps.  These  two  liquors  represent  the  mcHt 
commonly  employed  distilled  products  in  Germany.  The  former  is  pre- 
pared from  malt  and  unmalted  cereals,  usually  rye.  Sometimes  maize  is 
used  and  very  seldom  wheat.  The  general  process  of  manufacture  is 
similar  in  principle  to  that  employ^  for  whiskey.  Schnapps  is  usually 
obtained  by  diluting  rectified  alcohol  manufactured  from  potatoes.  The 
potatoes,  ^ter  cleaning,  are  placed  in  large  converters,  mixed  with  the 
necessary  quantity  of  water  and  heated  under  a  pressure  of  30  to  60 
pounds,  in  order  to  pastify  the  starch.  The  mash  is  then  cooled  and  a 
small  percentage  of  malt,  often  green  malt,  added,  bo  as  to  invert  the 
pastified  starch.  After  inversion  is  complete,  the  fermentation  is  coor 
ducted  in  the  same  way  as  for  whiskey.  The  process  of  'distillation  is 
enicb  that  a  recti&ed  alcohol  results. 

Brandy.  Under  the  name  of  brandy  is  understood  those  distilled 
liquors  obtained  by  the  distillation  of  grape  wines,  wine-lees  or  grape 
pomace.  The  finest  brandy  on  the  market  is  the  ao-called  cognac.  It 
represents  the  brandy  distilled  from  the  grape  wines  produced  in  the 
department  of  Charente,  France.  The  town  of  Cognac  is  situated  here 
and  is  the  sales-point  for  the  brandy  made  in  this  vicinity.  France, 
with  its  numerous  vineyards,  is  the  home  of  brandy,  but  considerable 
quantities  are  now  being  prepared  in  Algiers  and  in  the  United  States, 
principally  California. 

Genuine  brandy,  being  prepared  from  the  finest  and  purest  fermented 
material,  namely,  grape  wine,  is  conceded  to  be  the  best  distilled  liquor 
known.  It  is  characterized  by  its  very  fine,  smooth  alcoholic  taste  and 
exquisite  flavor  or  aroma.  It  possesses  a  rich  golden  yellow  color  and 
contains  from  45  to  55  per  cent  of  alcohol  by  volume.  Different  brandies 
vary  in  taste  and  flavor,  and  the  best  results  are  obtained  when  they  are 
blended  together  by  manufacturers  or  dealers  skilled  in  this  art. 

The  fin^t  brandies  are  obtained  from  a  sound,  hght,  white  wine  that 
has  been  stored  about  one  year  and  is  clear  in  appearance.  Inferior 
wines,  such  as  have  soured  due  to  acetic  acid  develofonent,  that  possess 
a  mouldy  or  otherwise  foreign  taste  and  odor,  or  spoiled  wines,  produce 
lower  grades  of  brandy.  Careful  treatment  of  the  affected  wine  previous 
to  or  during  the  distilling  operations  often  results  in  brandies  of  satis- 
factory quality. 

The  brandy  obtained  from  wine-lees,  namely  the  yeasty  sediment  or 
deposits  contained  in  the  fermenters  and  storage  casks,  is  not  quite  as  fine 
as  that  manufactured  from  grape  wine  directly.  Still,  the  brandy  is  of 
such  quality  that  it  can  readily  be  used  for  blending  purposes. 
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The  lowest  grades  of  brandy  result  from  the  distillation  of  the  grape 
pomace,  namely,  the  akins,  the  pulpy  portion  of  the  grapes,  and  sc«netimeB 
also  the  etems.  Such  brandy  has  a  raw,  rank  taste  and  contains  much 
fusel  oil,  as  well  as  undesirable  ethers. 

Ordinarily,  brandy  is  distilled  from  the  grape  wine  shortly  after  it  has 
fermented  and  clarified  fairly  well.  The  stills  used  vary  from  the  simplest 
form  to  the  large  continuous  apparatus.  With  simple  forms  of  stills,  two 
distillations  are  made.  The  first  results  in  a  liquor  containing  25  to  30  per 
cent  of  alcohol,  whereas  the  second  brings  the  alcohol  content  up  to 
65  to  68  per  cent  by  volume.  Fractional  distillation  is  often  resorted 
to  in  order  to  remove  as  much  of  the  fusel  oil  and  undesirable  ether  as 
possible. 

After  distillation,  the  brandy  is  placed  in  oak  casks,  which  must  be 
carefully  scalded  with  several  changes  of  boiling  water  or  thoroughly 
steamed.  Usually  brandy  casks  are  first  filled  with  white  wine,  so  that 
an  excess  of  coloring  substances  or  such  as  could  affect  the  taste  of  the 
brandy  are  removed. 

Brandy  must  be  stored  four  to  five  years  before  it  acquires  the  propsr 
taste,  flavor  and  smoothness.  Some  brands  are  fifteen  to  twenty  years 
old  before  they  are  marketed,  and  naturally  command  a  very  high  price 
on  account  of  their  fine  quality.  When  ready  for  marketing,  the  brandy  is 
reduced,  blended  with  other  batches  and  sometimes  sweetened  as  well  aa 
colored  to  suit  the  requirements  of  the  trade. 

Imitations  of  brandy  are  numerous;  in  fact  the  claim  is  made  that  less 
than  one-half  of  the  brandy  consumed  is  genuine.  The  most  common 
practice  of  producing  cheap  brandies  is  to  add  diluted  rectified  grain  alcohol 
to  a  strongly  flavored  brandy.  The  resulting  product  is  then  colored  and 
sweetened.  Imitation  brandies  usually  receive  an  addition  of  oenanthic 
ether,  the  so-called  brandy  or  lees  oil.  This  substance  is  a  colorless,  oily 
liquid  obtained  by  the  further  distillation  of  the  wine-lees  after  removing 
the  alcohol  and  water.  It  possesses  a  very  offensive  odor  when  concen- 
trated, but  upon  dilution  with  alcohol,  tt  imparts  an  agreeable  wine  odor 
to  it.  Much  artificially  prepared  brandy  or  cognac  is  made  from  recti- 
fied alcohol,  pfoperly  diluted,  and  to  which  oenanthic  ether,  an  extract 
obtained  from  oak  wood  chips,  caramel  and  cane-sugar  syrup  is  added. 

Gin.  The  word  gin  is  a  shortened  form  of  Geneva,  which  is  derived 
from  the  old  French  word  "  genevre,"  namely  juniper.  It  is  the  spirit 
distilled  from  a  mash  prepared  from  malt  together  with  unmalted  cereals, 
usually  rye  or  barley,  sometimes  com,  and  is  flavored  by  an  addition  of 
juniper  berries  during  the  rectification  of  the  distillate.  Some  distillers 
at  the  sune  time  also  add  a  very  slight  amount  of  oil  of  turpentine  and  hops, 
in  order  to  obtain  a  more  characteristic  flavor. 

Gin  originated  in  Holland,  and  even  to-day  the  finest  product  is 
produced  in  Schiedam,  Holland,  and  bears  the  name  of  "  Schiedam 
Schnapps."     In  time  it  was  imitated  extensively  by  English  distillers 
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and  such  gin  is  sold  under  the  name  of  "  London  Gin."    The  United 
States  has  in  late  years  produced  considerable  quantities  of  gin. 

Genuine  gin  is  a  colorless  liquid  of  delicate  flavor  and  contains  about 
52  per  cent  of  alcohol  by  volume.  It  is  extensively  imitated,  by  flavoring 
diluted  alcohol  with  various  essential  oils,  but  such  concoctions  aie 
decidedly  inferior  in  every  respect  to  the  genuine  article. 

Rum.  Among  the  distilled  liquors  consumed  most  commonly,  rum 
has  by  far  the  highest  alcohol  content.  A  genuine  rum  never  contains 
less  than  70  per  cent  alcohol  by  weight  (about  78  per  cent  by  volume)  and 
sometimes  it  is  as  hi^  as  77  per  cent.  Rum  is  manufactured  in  Jamaica 
and  other  West  Indies  islands,  some  of  the  Southern  States  of  the  United 
States,  Brazil,  Madagascar,  East  India  and  some  of  the  Indies  islands; 
in  fact  in  any  region  where  sugar  cane  is  cultivated  extensively.  The 
Jamaica  rum  has  the  reputation  of  being  the  finest  in  quality. 

The  materials  empJoyed  for  preparing  nun  are  the  molasses,  the 
skimmings  (scum  or  foam)  of  the  sugar  kettles,  and  the  juice  of  the  sugar- 
cane. The  higher  grades  of  rum  are  made  from  molasses,  cane-sugar 
juice  and  only  very  httle  from  the  skimmings.  Lower  grades,  often  called 
"  ni^er  nun,"  are  prepared  chiefly  from  the  skimmings  and  other  offal 
products  obtained  during  the  boiling  and  concentrating  of  the  si^ar-cane 
juice  when  manufacturing  sugar.  Only  little  good  molasses  is  employed. 
Such  rum  has  a  pronounced  burnt,  sourish  taste  and  ita  flavor  is  coaise  and 
rank. 

The  general  method  of  preparing  ordinary  Tvjn  is  about  as  follows: 

When  boihng  the  sugar-cane  juice,  the  foam  and  scum,  which  is  rich 
in  coagulated  albuminoids,  is  skimmed  and  mixed  with  some  of  the  fresh 
juice.  About  four  times  the  volume  of  diluted  molasses— containing 
25  to  30  per  cent  sugar — is  then  added.  This  mixture  contains  about 
12  per  cent  of  fermentable  sugar.  It  is  placed  in  open  fermenters,  and 
after  three  to  four  days  a  vigorous  alcoholic  fermentation  sets  in.  On 
account  of  the  high  temperature,  the  sugar  is  readily  fermented.  Besides 
alcohol,  appreciable  amounts  of  organic  acids,  chiefly  lactic,  butyric 
and  acetic  acids,  are  obtained  during  fermentation. 

In  order  to  stimulate  the  fermentation  and  increa^  the  yield  of 
alcohol,  it  is  a  common  practice  in  the  West  Indies  to  use  some  of  the  spent 
liquid  from  which  the  alcohol  was  distilled  as  yeast  food.  This  liquid 
is  tenned  "  dunder,"  and  contains,  besides  coagulated  albuminoids,  a 
considerable  amount  of  soluble  nitrogenous  substances  and  mineral  salts, 
all  of  which  are  valuable  as  yeast  noiuishment.  The  employment  of  this 
"  dunder  "  for  diluting  the  molasses  not  only  stimulates  the  fermentation 
and  increases  the  yield  of  rum  from  a  certain  quantity  of  the  materials, 
but  also  has  an  influence  on  the  taste  and  flavor  of  the  rum.  At  the  close 
of  a  season  a  number  of  fennenters  are  filled  with  "  dunder,"  which  is 
kept  therein  until  starting  the  next  season. 

The  freshly  distilled  rum  is  a  colorless  liquid,  but  soon  acquires  a  pale 
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yellow  to  dark  amber  color  from  the  wooden  casks  in  which  it  is  stored 
and  transported.  Sometimes  an  addition  of  burnt  sugar  or  caramel  is 
made,  if  a  specially  dark  color  is  desired.  In  order  to  cover  or  obscure  the 
peculiar  unpleasant  taste  and  odor  that  is  frequently  noticeable  in  batches 
of  rum,  an  addition  of  a  small  amount  of  certain  aromatic  leaves,  barks 
or  condiments  is  made  at  the  time  of  distUlation. 

The  characteristic  taste  and  fiavor  of  the  genuine  rum  cannot  be 
imitated  artificially.  For  this  reason  imitations  can  easily  be  detected  by 
the  expert  palate.  It,  however,  is  a  quite  common  practice  to  "  stretch  " 
rum.  This  is  done  by  selecting  a  genuine  rum  possessing  an  exceptionally 
strong  bouquet — Savor  or  aroma  being  of  secondary  consideration — and 
adding  from  one  to  four  times  its  volume  of  rectified  grain  alcohol  that  was 
previously  diluted  with  distilled  water  until  the  alcohol  content  is  about 
the  same  as  that  of  the  rum.  This  mixture  is  then  stored  at  about  70°  F. 
for  several  months  to  age  it,  or  sometimes  the  mixture  is  diluted  with  more 
water  and  distillation  resorted  to.  The  resulting  liquor  is  stored  in  wooden 
casks  until  ripe  for  market.  A  small  amount  of  so-called  "  rum-essence  " 
is  often  added  to  "  stretched  "  or  artificially  prepared  rum,  in  order  to 
accentuate  the  rum  taste  and  flavor. 

The  distillation  and  rectification'  of  the  alcohol  is  carried  out  very 
carefully.  Many  operators  separate  the  first  one-twelfth  voluine  of  the 
rectified  distillate,  which  has  a  very  stroi^  bouquet,  so  that  it  can  be  used 
for  blending  with  the  later  distillations.  The  first  distillate  possesses  a 
very  "  hot "  taste  and  an  unpleasant,  rank  odor,  due  to  the  preface  of 
acetic  and  butyric  ethers,  volatile  acids — chiefly  acetic — and  certain  fatty 
acids  and  their  ethers. 

Slibowitz,  This  liquor  is  obtained  by  fermenting  crushed  plums 
and  distilling  the  alcohol  obt^ed  by  the  fermentation.  It  is  practically 
colorless  and  possesses  a  very  clean  alcohohc  taste  and  odor.  Practically 
no  flavor  of  the  plums  (prunes)  from  which  it  was  prepared  is  noticeable. 
Shbowitz  is  made  by  very  many  fanners,  especially  in  Hungary  and  Servia, 
who  use  it  as  a  household  liquor. 

Arrack.  The  genuine  arrack  is  a  type  of  brandy  containing  about 
the  same  amount  of  alcohol  as  found  in  rum,  namely  70  to  80  per  cent 
by  volume.  It  is  prepared  mostly  in  Siam,  but  also  in  E^ast  India,  Java 
and  adjacent  localities,  as  well  as  in  Jamaica.  The  materials  employed 
are  either  (1)  toddy,  or  palm-wine,  (2)  rice  and  toddy,  (3)  rice  and  molasses, 
with  or  without  an  addition  of  toddy. 

Toddy,  or  palm-wine,  is  obtained  by  fermenting  the  sugary  juice  of 
the  cocoanut  palm.  This  liquid  is  subjected  to  distillation  in  order  to 
obtain  the  desired  alcoholic  strength. 

When  rice  is  employed,  the  best  grades  only  are  used.  The  grain 
is  moistened  with  water  until  germination  sets  in.  After  the  greater 
majority  of  kernels  have  started  to  grow,  the  rice  is  crushed  between 
rollers,  and  hot  water  gradually  added  to  the  starchy  mass  until  the 
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tonperature  is  about  140°  F.  The  wet  starch  soon  pastifies  and  is  acted 
upon  by  the  diastase  formed  during  the  gennination  process,  and  is  thus 
changed  bo  sugar.  The  fairly  clear  sugary  Uquid  is  strained,  cooled  to 
70  to  75°  F.,  and  the  desired  amount  of  fermenting  toddy  added.  If 
molasses  or  brown  sugar  is  employed,  it  is  generally  added  at  this  stage. 
As  soon  as  the  fermentation  is  over,  distillation  is  started.  The  stills 
generally  used  are  very  primitive,  and  in  consequence,  several  repeated 
distillations,  usually  three  in  number,  must  be  resorted  to  imtil  the  desired 
alcoholic  concentration  results. 

.  Arrack  generally  has  a  yellowish  to  Ught-brown  color,  the  substances 
producing  the  color  being  eictracted  from  the  wooden  casks  in  which  it  is 
kept.  It  has  a  peculiar  bouquet  or  flavor  which  originates  from  the 
toddy  or  palm-wine.  If  a  considerable  amount  of  molasses  is  used,  the 
flavor  or  aroma  of  rum  becomes  distinctly  noticeable,  but  is  not  so  pro- 
nounced that  the  arrack  could  be  taken  for  rum. 

Vodka.  This  was  the  national  distilled  hquor  of  Russia.  The  sale, 
however,  has  been  prohibited  since  the  start  of  the  war  in  1914.  The  gen- 
uine vodka  was  prepared  from  rye,  employing  15  to  20  per  cent  of  barley 
malt  or  green  rye  malt  in  order  to  saccharify  the  starch.  Some  of  the 
cheaper  grades  of  vodka  were  made  from  potatoes  and  com,  instead  <^ 
rye. 

Vodka  contained .  from  40  to  60  per  cent  of  alcohol  by  volume;  m 
fact,  it  was  illegal  to  sell  it  if  the  alcohol  was  less  than  40  per  cent.  The 
method  of  distillation  was  about  the  same  as  that  used  for  patent-still 
whiskeys. 

Liqueurs  and  Cordials.  This  name  includes  a  lai^  number  of  sjHritu- 
ouB  liquors  used  as  appetizers  or  after-dinner  relishes.  The  materials 
employed  in  then-  production  consist  of  highly  rectified  alcohol,  cane-sugar, 
ss^rup,  and  flavoring  substances  obtained  from  fruits,  aromatic  herbs 
and  seeds,  or  perfumes. 

The  processes  of  manufacture  vpjy  according  to  the  character  and 
quality  of  the  goods.  Cheap  imitations  of  well-known  high-grade  cordials 
are  commonly  made.  The  best  liqueurs  are  obtained  by  macerating 
the  aromatic  flavoring  substances  in  the  alcohol  and  later  subjecting  the 
mixture  to  distillation.  The  distillate  possessing  the  delicate  aroma  and 
flavor  is  then  sweetened  with  sugar-syrup  and  colored.  The  cheaper 
grades  are  prepared  according  to  the  essence  process,  which  consists  in 
adding  the  desired  essential  oils,  either  of  natural  or  artificial  origin,  to 
the  alcohol,  sweetening  and  coloring  as  desired.  Another  process  is  termed 
the  infusion  process.  In  this,  the  fruits,  aromatic  herbs  or  seeds  or  flavor- 
ing agents  are  steeped  in  the  alcohol  and  sugar.  After  standing  for  some 
time,  the  liquid  portion  is  strained  off  and  placed  on  the  market. 

Liqueurs  and  cordials  vary  greatly  in  taste,  flavor,  color  and  alcohol 
content.  In  the  following  are  given  some  that  are  best  known  and  most 
commonly  consumed: 


DISTILLED  UQUORS  AND  INDUSTRUL  ALCOHOL  977 

Chartreuse.  Three  different  t3T)es  are  on  the  market,  namely:  green, 
yellow,  and  white  chartreuse.  They  have  been  prepared  for  centuries 
by  the  Carthusian  monks,  who  have  zealously  guarded  their  secret  of 
production  even  to  this  day.  Chartreuse  is  prepared  from  a  mixture  of 
aromatic  herbs  and  seeds,  and  poasesaes  a  very  dehcate  flavor  and  taste. 

Benedictine.  This  cordial  is  altogether  different  in  taste  and  flavor 
from  chartreuse.     The  genuine  benedictine  also  is  prepared  by  monks. 

KirBckwasaer.  This  Uqueur  is  colorless  in  appearance  and  is  obtained 
from  cherries.  The  latter,  including  the  seeds,  are  crushed  and  allowed  to 
undergo  fermentation.  The  alcohol  is  then  dietilled.  The  finished  Kirsch- 
wasser  has  a  pleasant  flavor  and  bouquet,  slightly  reminding  the  consumer 
of  ripe  cherries. 

MaraitMfw.  This  is  another  cherry  cordial  distilled  from  the  fer- 
mented juice  of  Dalmatian  cherries.  It  is  sweetened  by  an  addition  of 
sugar-syrup. 

Prune,  Peach,  Apricot,  and  Cherry  Brandies  are  prepared  from  these 
respective  fruits  by  distillation  of  the  fermented  juices.  The  distillate 
is  either  placed  on  the  market  as  first  obtained,  or  it  is  sweetened  and 
colored.  Sometimes  an  infusion  of  the  fruit  in  alcohol  also  is  added  to  the 
distillate,  or  the  infusion  itself  is  placed  on  the  market.  They  all  possess 
the  characteristic  flavor  and  aroma  of  the  fruit  from  which  they  are 
obtained. 

Ahtinihe.  This  cordial  formerly  was  popular  in  France,  but  its  manu- 
facture and  sale  are  now  prohibited.  It  was  prepared  by  distilling  recti- 
fied alcohol  or  brandy  in  which  wormwood,  star-anise,  green  anise  seed, 
fennel,  coriander,  angelica-root  or  other  aromatics  have  been  macerated 
for  about  a  week.  The  resulting  Uqueur  is  greenish  in  color  and  contains 
a  large  amount  of  volatile  oils.  On  account  of  the  latter  absinthe  becomes 
milky  when  water  is  added  immediately  before  drinking  it.  The  oil  of 
wormwood  has  a  very  powerful  effect  upon  the  nervous  system,  and  steady 
tippling  of  absinthe  causes  digestive  disorders,  induces  vivid  dreams  and 
hallucinations,  and  may  finally  cause  paralysis  or  idiocy. 

Aniaetie.  The  aromatic  seeds  used  for  its  preparation  are  green 
anise  seed,  star-anise,  and  coriander  seed.  The  distillate  is  sweetened  and 
sometimes  also  receives  an  addition  of  orange-flower  water. 

Crime  de  Menthe  is  a  sweetened  liqueur,  the  flavor  of  which  is  obtained 
from  fresh  mint  leaves,  usually  peppermint.  It  generally  possesses  a  pro- 
nounced green  color,  although  white  and  red  are  also  on  the  market, 

Crtme  de  Yvetle,  also  called  Crfime  de  Violet,  has  a  pronounced  odor 
of  violets  and  also  is  violet  in  color,  artificially  obtained. 

Crime  de  Rosea  is  rose-colored  in  appearance  and  is  a  sweetened  liqueur 
having  a  pronounced  odor  of  oil  of  roses. 

Crime  de  Vanilla  has  a  strong  vanilla  taste  and  odor. 

Crhne  de  Cacao  is  obtained  by  making  an  infusion  of  cocoa,  alcohol  and 
sugar«yrup. 
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CuTafao.  This  very  fine  liqueur  is  prepared  by  macerating  orange 
peel,  especially  from  Curagao  oranges,  in  rectified  alcohol  for  a  week 
or  longer.  After  distillation  an  addition  of  sugajveyrup  and  a  coloring 
Bubstance  is  made.    The  finest  grades  are  prepaxed  in  Holland. 

AqwwU.  Although  this  Equeur  is  not  a  cordial  in  the  true  sense  of 
the  word,  s  brief  description  is  placed  here.  It  is  generally  used  as  an 
appetizer.  Aquavit  is  manufactured  and  consumed  extensively  in  the 
Scandinavian  countries,  especially  Denmark.  When  the  alcohol  from 
grain  mashes  is  rectified,  an  addition  of  caraway  seeds  and  orange  peel 
is  made  in  ord^  to  impart  their  Savors  to  it. 

KHmmd  is  obtained  by  distilling  alcohol  in  the  presence  of  the  herb 
cumin  and  caraway  seed.  An  infusion  of  these  in  alcohol  also  is  made. 
The  product  has  a  pronounced  taste  and  odor  of  the  caraway  seed  and  is 
sweetened  more  or  less  according  to  the  denuwds  of  the  trade.  It  is  very 
popular  in  Germany. 

Xhdubtbiax.  Aixx>hol 

Denatored  Alcohid.  The  enormous  increase  in  the  demand  for  ethyl 
alcohol  in  various  industries  where  it  is  needed  for  manufacturing  pur- 
poses, caused  our  govemm^it  to  pass  a  statute  in  June,  1906,  rescinding 
the  tax  that  is  placed  on  alcohohc  liquors  used  for  drinkii^  purposes. 
According  to  this  statute,  the  alccAiol  thus  to  be  used  in  the  technical 
arte  must  be  treated  as  per  prescribed  f  ormuhe  in  order  to  render  it  unfit 
for  human  consumption.  The  resultii^  alcohol  is  commonly  known  aa 
denaiured  alcohd.  The  denaturing  processes  were  not  intended  to  render 
the  alcohol  poisonous  but  mainly  to  give  it  a  disagreeable  taste  and 
odor,  thereby  making  it  imusable  for  drinking. 

Denaturing  Formi^.  The  original  formuUe  for  cc»Qpletely  dena- 
turing ethyl  alcohol  called  for  a  mixture  as  follows: 

Fonuula  No.  1.        Foimuk  No.  2. 
Ethyl  alcohol  (not  less  than  ISO  proof) . .  100  gallons        100  gallons 

Wood  alcohol 10      "  2       " 

Benzine .  i  gallon         Pyridin  bases 

i  gallon 

Completely  denatured  alcohol  of  this  kind  was  intended  mainly  for 
heating,  lighting  and  power  purposes.  However,  the  existing  prices  of 
hydrocarbon  fuels,  particultu'ly  kerosene  and  gasolene,  are  so  much  lower 
than  the  cost  at  which  denatured  alcohol  can  be  manufactured,  that  the 
use  of  denatured  alcohol  for  these  purposes  cannot  be  considered,  even 
for  many  years  to  come. 

Since  the  completely  denatured  alcohols  are  unsuited  for  many  indus- 
trial purposes,  the  Commissioner  on  Internal  Revenue  was  authorized 
to  consider  any  formula  for  special  denaturation,  submitted  by  manu- 
facturers of  the  Bsme  class  of  industries.    This  brought  forth  niunerous 
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special  formuUe  and  cauaed  a  rapid  increase  in  the  employment  ttf  dena- 
tured alcohol.  All  manufacturers  using  such  special  denatured  alcohols 
must  give  bond  that  the  alcohol  will  only  be  employed  for  the  purpose 
specified  and  a  very  careful  record  of  the  amounts  used  must  be  kept. 

The  most  commonly  employed  special  denatured  alcohol  is  prepared 
by  mixing  every  100  gallons  of  180  proof  ethyl  alcohol  with  5  gallons 
of  approved  wood  alcohol.  Such  is  extensively  UBed  in  the  manufacture 
of  various  kinds  of  varnishes  and  lacquers,  photographic  dry  plates, 
transparent  soaps,  solid  and  powdered  medicinal  preparations,  and 
many  others. 

Other  special  formulee  allow  the  denaturatioD  of  alcc^ol  for  the  manu- 
facture of  sulphuric  ether,  of  explosives,  of  pyralin,  celluloid  and  mmilftr 
products,  of  smoking  and  chewing  tobacco,  of  imitation  leather,  and  for 
nim[ierous  minor  purposes.  In  such  fonnulffi  wood  alcohol,  benzine, 
pyridin  bases,  ether,  acetone,  nicotine,  camphor,  castor  oil,  caustic  soda 
and  often  certain  dye-stuffa  are  used.  Space  does  not  permit  a  detailed 
description  of  the  nimierous  formuls  that  our  Government  has  approved 
and  complete  information  in  this  respect  can  be  obtained  from  the  C<Bn- 
missioner  of  U.  S.  Internal  Revenue. 

Manufaeiure.  The  basic  principles  of  manufacturing  denatured  alcohol 
are  practically  identical  to  those  employed  in  the  preparation  of  American 
whiskey  of  the  Bourbon  type.  Since  economy  of  production  is  of  greatest 
importance,  the  percentage  of  malt  used  is  the  minimum,  viz.,  about  10 
per  cent  of  the  total  weight  of  the  material.  Indian  com  (mfuze) 
represents  the  other  90  per  cent.  The  cheapest  grades  obtainable  are 
employed  and  such  com  as  has  been  injured  by  frost,  water,  heat  or 
mould  can  readily  be  used.  Any  other  starchy  cereals  affected  likewise 
can  also  be  employed  for  this  purpose. 

In  the  distillation  of  the  fermented  mash,  the  alcohol  is  concentrated 
to  a  strength  of  more  than  90  per  cent  by  volume  (180  proof-spirit).  .  It 
is  then  run  into  storage  tanks  or  cisterns  for  denaturation,  or  the  alcohol 
can  be  shipped  to  a  different  denaturating  station.  In  either  event,  a 
strict  government  control  is  kept  according  to  the  regulations  of  the 
Internal  Revenue  statutes. 

Special  Materials  and  Methods.  In  order  to  produce  industrial  alcohol 
as  cheaply  as  possible,  the  utiUzation  of  certain  waste  materials  rich  in  carbo- 
hydrates has  been  suggested.  Many  of  these  have  been  given  trials  on  a 
practical  scale,  but  with  the  exception  of  saw-dust  and  wood  refuse, 
none  of  the  materials  has  been  employed  with  success.  Among  the 
materials  tried  were  saw-dust  and  wo«3d  refuse,  cull  potatoes,  cull  fruits, 
cull  sweet  potatoes,  cannery  wastes,  molasses,  cassava  roots,  cactus  plants 
and  even  garbage. 

The  great  problems  in  using  such  waste  materials  are  those  of  obtain- 
ing the  material,  first,  at  a  sufficiently  low  cost  and  second,  during  an  ample 
interim  of  the  year,  that  the  plant  can  be  operated  economically.    Som9 
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of  these  materials  are  obtainable  in  territory  where  the  cost  of  collection 
and  of  Bhipment  to  a  centrally  located  plant  would  make  their  cost  too 
high  for  the  production  of  alcohol  at  a  low  f^ure.  The  cost  of  transport- 
ing the  Snished  alcohol  to  the  market  also  is  a  big  factor.  Many  of  them 
are  seasonable  and,  therefore,  are  available  only  for  several  weeks  dur- 
ing each  year.  This  applies  particularly  to  cull  potatoes,  cull  sweet 
potatoes,  cull  fruits  and  cannery  wastes. 

Cassava  roots  are  not  as  yet  cultivated  in  large  enough  quantities  to 
consider  them  as  a  source  of  industrial  alcohol.  Their  growth,  furthermore, 
is  limited  to  the  Southern  States  of  this  country. 

Of  late,  molasses  has  increased  so  much  in  price  that  its  employment 
now  is  out  of  question. 

Cactus  plants,  especially  the  fruit,  can  only  be  obtained  in  the  South- 
western States  and  the  alcohol  obtained  therefrom  is  handicapped  by  the 
high  freight  cost  to  the  market  in  the  Eastern  States. 

Garbage  has  been  suggested  as  a  source  of  alcohol  and  experiments 
are  now  being  made.  Its  utihzation  is  feasible  only  in  a  most  modem 
garbai^  reduction  plant  and  where  the  cost  of  handling  the  garbage  is 
very  low.  Even  then  it  is  doubtful  whether  a  sufficient  yield  of  alcohcd 
can  be  obtained  throughout  the  year  to  make  the  operation  profitable. 

The  best  solution  of  the  problem  of  using  waste  materials  of  this  kind 
would  be  small,  so-called  farmers'  distilleries  operated  at  stations  where 
the  materials  are  easily  obtainable.  Germany  thus  solved  it,  but  the 
general  system,  as  apphed  there,  is  out  of  question  in  our  country  as  loDg 
as  petroleum  fuels  and  products  can  be  bought  at  as  low  a  cost  as  is  the 
casein  our  country  at  present. 

Alcohol  from  Wood.  The  utilization  of  saw-dust  and  wood  refuse  has 
been  given  conaderable  experimentation  and  there  are  several  planta 
now  in  operation  where  this  method  of  alcohol  manufacture  is  used.  The 
knowedge,  both  technical  and  engineering,  still  is  very  limited  on  tBis 
subject.  It,  however,  has  been  determined  that  a  plant  of  this  kind 
can  only  be  operated  at  a  profit  when  an  ample  amount  of  wood  for  a 
long  enough  time  is  available,  in  excess  of  the  fuel  needed  for  furnishing 
power  to  the  saw  mill,  and  where  the  cost  of  handling  such  wood  refuse 
is  very  low.  The  plant  is  very  costly  to  equip  and  operate,  hence  a  small 
distillerj'  is  out  of  the  question.  The  smallest  ones  now  in  operation  profits 
ably  distill  not  less  than  2000  and  usually  3000  gallons  alcohol  daily. 

Soft  woods  jdeld  the  most  alcohol  and  hard  woods  the  least.  Tbe 
coniferous  woods  are  generally  used  and  in  a  well-designed  plant  about 
20  gallons  of  190  proof  alcohol  is  obtained  per  ton  (about  1  cord)  of  the  ' 
dry  wood.  The  cost  of  manufacture  has  been  as  low  as  20  cents  per  gallon, 
but  25  to  30  cents  is  a  more  average  ^ure.  This  cost,  however,  mounts 
rapidly  with  the  increase  in  the  cost  of  handling  the  saw-dust  or  wood 
refuse. 

The  best  commercial  process  consists  of  bydrolyms  of  the  carbohydrates 
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by  the  employment  of  a  small  quantity  of  a  mineral  acid,  usually  sul- 
phuric, as  a  catalyser.  The  eaw-dust,  shavings  and  other  anall  wood  refuse 
are  treated  with  dilute  sulphuric  acid  solution  in  rotary  steel  digesters 
having  an  acid-proof  lining.  The  mass  is  subjected  to  60  pounds  steam 
pressure  for  Mteen  to  twenty  minutes,  during  which  part  of  the  wood  is 
changed  to  fermentable  sugars.  This  digested  material  is  now  run  into 
diffusion  batteries  similar  to  those  used  for  sugar  beets  and  dye  woods. 
In  these  the  sugar  and  other  water-soluble  substances  are  extracted  with 
hot  water.  The  resulting  liquor  is  then  neutralized  with  lime  or  lime- 
stone. After  settling  for  fifteen  to  twenty-four  hours,  the  liquid  is  cooled 
to  75  to  80°  F.,  set  with  distillers  yeast  and  the  sugar  fermented  in  three 
to  four  days.    The  distilling  operations  are  then  carried  out  as  usual. 

The  question  of  yeast  nutriment  is  a  very  important  one  m  the  prepara- 
tion of  alcohol  from  wood.  A  special  yeast  mash  must  be  made  for  each 
fermentation  and  the  necessary  nourishment  for  the  yeast  thus  supplied. 
A  mash  can  be  made  of  rye  and  malt,  or  malt  alone  can  be  used.  A  cheap 
material  for  this  purpose  is  malt  culms,  because  they  are  very  rich  in  solu- 
ble nitrogenous  substances  of  the  kind  readily  assimilated  by  the  yeast. 
Wheat  and  rye-bran  can  also  be  used  with  good  results. 
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J.  MERRITT  MATTHEWS 
ConfuUtnjr  Chemitl  to  the  Texlik  Indu»trie»,  Ntw  York  CUy 

Definitions.  By  the. term  "  textiles  "  is  to  be  understood  a  class  of 
manufactured  articles  prepared  from  "  yarns "  which  are  continuous 
threads  composed  of  fibrous  materials.  These  fibrous  materials  which 
form  the  basis  of  textile  manufactures  are  of  various  kinds,  including 
animal,  vegetable,  and  mineral  products;  for  example,  wool,  cotton, 
and  asbestos.  A  fiber  is  really  a  filament  the  length  of  which  is  com- 
paratively much  greater  than  the  diameter,  and  the  latter  is  of  almost 
microscopic  proportions.  This  allows  of  several  fibers  being  twisted 
together  by  a  process  known  as  spinning,  so  that  a  continuous  and  uniform 
thread  is  produced.  Physically,  a  textile  fiber  must  possess  considerable 
tensile  strength  and  pliability  in  order  to  yield  a  satisfactory  thread. 
In  the  case  of  the  shorter  fibers,  such  as  cotton  and  wool,  the  surface  struc- 
ture also  allows  of  considerable  cohesion  between  the  separate  fibers 
when  twisted  together.  Where  this  cohesive  property  is  lacking,  as  in 
Bilk  and  some  of  the  cruder  vegetable  fibers,  the  strength  of  the  twisted 
thread  depends  on  the  great  lec^h  of  the  individual  filaments. 

Origin.  The  textile  fibers  may  be  classified  with  respect  to  their 
origin  in  the  following  manner: 

Animal  Fibers,  consisting  (a)  of  the  hairy  covering  of  various  animals, 
principally  of  the  sheep,  goat,  cow,  and  camel;  and  (b)  of  the  filaments 
spun  by  the  silk-worm  for  its  cocoon. 

Veg^able  Fibera,  consisting  (a)  of  the  hiury  coverii^  of  the  seed  of 
the  cotton  plant;  (b)  of  the  bast  or  structural  part  of  the  stem  of  certain 
plants,  such  as  flax,  ramie,  jute,  and  hemp;  (c)  of  the  structure  part 
of  the  leaves  of  such  plants  as  sisal,  agave,  and  certain  palms. 

Mineral  Fibera,  of  which  the  only  representative  is  asbestos. 

Artificial  Fibers,  such  as  artificial  silk  prepared  from  solutions  of 
cellulose  derivatives,  spun  glass,  and  certain  metals  drawn  out  to  fine 
filaments.  There  are  also  metaUized  yams,  consisting  of  a  core  of  cotton, 
linen,  or  other  fiber,  coated  with  a  £nely  divided  metal  and  a  suitable 
agglutinant. 
_    The  great  bulk  of  the  textile  fibers  are  comprised  under  the  first  two 
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clasBes,  of  which  the  moat  typical  representativee  to  bs  considered  are: 
wool,  silk,  cottoD,  and  linen. 

The  Animal  Fibers.  In  their  chemical  nature  these  fibers  are  essen- 
tially proteid  substances  of  complex  organic  structure.  The  basis  of  wool 
(and  the  hair  fibers  in  general)  is  called  keratin,  a,  nitn^Dous  substance 
cont^ning  also  sulphur,  while  that  of  eilk  is  known  as  fibroin,  which  is 
also  nitrc^enous  but  does  not  contain  sulphur.  In  their  physical  struc- 
txue  the  hair  fibers  are  very  complex,  being  composed  of  minute  cells 
and  provided  with  an  external  layer  or  sheath  of  hard,  bone-like  tissue 
or  scales.  Silk,  on  the  other  hand,  is  a  continuous  filament  without 
apparent  organic  structure. 

The  Vegetable  Fibers.  The  chemical  basis  of  this  entire  class  of  fibers 
is  ceUuiose,  and  as  tbb  contains  neither  nitrogen  nor  sulphur,  it  presents 
a  marked  chemical  difference  to  the  albuminous  substance  of  the  animal 
fibers.  In  their  physical  structure  the  vegetable  fibers  as  a  -class  are 
comparatively  simple;  in  the  case  of  cotton  the  fiber  consists  of  a  single 
elongated  cell;  with  the  bast  and  leaf-tissues  the  commercial  fiber  consists 
of  a  more  or  less  complex  aggregate  of  small  cells.  Cotton  in  its  natural 
state,  consists  of  almost  pure  cellulose,  and  requires  but  little  purification 
for  use  in  manufacturing;  the  other  v^^etable  fibers,  however,  are  associated 
with  a  considerable  amount  of  substances  other  than  cellulose  and  require 
a  rather  extensive  process  of  purification  for  the  purpose  of  isolating  the 
pure  cellulose  fiber. 

Wool.     This  fiber  is  the  hairy  covering  (or  fleece)  of  the  sheep.     It 
is  a  growth  originating  in  the  skin,  springing  from  a  root   ^r  hair-follicle. 
In  its  physical  structure  the  fiber  consists  of  three  portions:   (a)  an  inner 
layer  of  rounded  elliptical  cells,  caUed  the  medulla,  and  often  containing 
pigment  matter;    (6)  a  surrounding  region  of  elongated  spindle-shaped 
cells,  called  the  cortical  layer,  which  forms  the  major  portion  of  the  fiber; 
and  (c)  an  external  coating  of  flattened,  hard,  hom-like  cells,  or  epidermal 
scales,  arranged  in  such  a  manner  as  to  overlap  like  the  scales  on  a  fish. 
This  latter  peculiarity  of  structure  gives  to  wool  a  characteristic  micro- 
scopic appearance  whereby  it  may  be  readily 
distinguished  from  other  fibers  (see  Fig,  355). 
The  character  of  fiber  produced  in  the  fleece 
varies  largely  with  the  breed  and  cultivation  of 
the  sheep.     The  merino  sheep   (now   grown 
principally   in   Australia)   gives   a  long,   fine 
and  wavy  fiber,  much  prized  for  the  manu- 
facture of  high-class    clothing  fabrics.      The 
majority  of  the  wool  grown  in  America  (ahjefly 
Fio.  355,— Typical  Wool       known  by  the  name  of  "  territory  "  wool)  b  of 
Fiber.  shorter  staple  and  coarser  in  quality.     The 

arrangement  of  the  epidermal  scales  also  varies 
CMiuderably  with  the  nature  of  the  fiber.    With  some  wools,  these  scales 
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are  prominent  and  the  free  edge  projects  considerably,  giving  the  'fiber  a 
serrated  or  saw-toothed  appearance.  Wool  of  this  nature  ie  easily  felted 
as  the  fibers  become  firmly  attached  to  one  another  by  the  interlocking  of 
the  projecting  scales.  In  other  varieties  of  wool  the  external  scales  lie  flat 
on  the  surface  with  very  little  free  edge  projecting,  hence  the  surface  of 
these  fibers  are  smooth  and  do  not  readily  felt  together.  Another  important 
physical  property  of  wool  is  its  waviness.  Some  wools  (especially  the  fine 
merinos)  are  very  wavy,  and  the  waves  (or  crimps)  occur  with  great  regu- 
larity throughout  the  entire  length  of  the  fiber;  other  wools  are  stiff  and 
straight  with  little  or  no  waviness,  or  have  very  irregular  waves.  The 
wavy  structure  of  the  fiber  enhances  its  spinning  quality,  as  it  allows  of  a 
greater  coherence  among  the  fibers  when  they  are  twisted  together.  A 
yam  composed  of  such  fibers  also  exhibits  greater  resiliency  and  sponginess 
as  well  as  elasticity. 

In  its  chemical  properties  wool  is  closely  allied  to  gelatin  and  horn- 
tissue.  It  probably  consists  of  a  number  of  chemical  bodies,  as  its 
proximate  chemical  composition  varies  considerably  in  different  samples. 
Its  average  composition  may  be  taken  as  follows: 

P«r  CcDt. 

Carbon 50 

Hydrogen 7 

Oxygen 26-22 

Nitrogen 15-17 

Sulphur 2-4 

From  its  general  chemical  reactions  the  substance  of  the  wool-fiber 
has  been  classified  as  a  proteid  to  which  the  name  keratin  has  been  given. 
This  probably  contams  both  amino  and  acid  radicles  in  its  constitution, 
as  it  exhibits  in  a  well  defined  manner  both  basic  and  acid  properties. 
The  amino-acid  existing  in  wool  has  received  the  name  lanug^inic  add, 
and  it  may  be  prepared  by  dissolving  the  fiber  in  barium  hydroxide 
solution,  treating  with  carbon  dioxide  to  precipitate  the  barium,  filtering, 
and  adding  lead  acetate  which  precipitates  the  lead  salt  of  lanuginic  acid. 
The  free  acid  itself  may  be  obtained  by  decomposing  the  lead  salt  with 
hydrogen  sulphide.  Lanuginic  acid  is  soluble  in  water  and  yields  the 
same  reactions  with  mordants  and  dyestuffs  as  wool  itself.  The  wool- 
fiber  is  rather  sensitive  to  the  action  of  high  temperatures;  if  exposed 
to  a  dry  heat  of  over  100°  C.  the  fiber  soon  becomes  discolored,  harsh  and 
brittle.  On  this  account  the  drying  of  woolen  materials  should  be  care- 
fully conducted  to  avoid  injury.  Strong  solutions  of  mineral  acids  destroy 
the  wool  fiber,  though  dilute  solutions  are  without  injury.  Sulphuric  acid 
in  dilute  solution  apparently  combines  in  a  chemical  manner  with  wool, 
causing  the  fiber  to  become  more  reactive  towards  many  dyestuffs.  Nitric 
acid  gives  wool  a  yellow  coloration,  supposedly  due  to  the  formation 
of  xanthoproteic  acid.     Nitrous  acid  apparently  causes   »■  diazotization 
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of  the  amino  radicle  in  wool,  for  when  so  treated  the  fiber  combines  with 
various  phenols,  with  the  production  of  a  number  of  colors.  Solutions 
of  alkalies  (especially  the  caustic  alkalies)  react  injuriously  with  the  wool 
fiber;  with  even  dilute  solutions  of  sodium  hydrate  wool  is  rapidly  dis- 
solved. This  reaction  permits  of  the  easy  chemical  separation  of  wool 
from  cotton  for  analytical  purposes.  With  solutions  of  metallic  salts 
(such  as  potassium  dichromate,  alum,  ferrous  sulphate,  etc.)  wool  reacts 
in  apparently  a  chemical  manner,  as  it  combines  with  the  metallic  oxide, 
and  in  this  condition  is  capable  of  uniting  with  many  dyestufFs.  This 
process  is  termed  mordaTiting  and  the  metallic  salts  employed  are  known 
as  mordants.  When  wool  is  treated  with  solutions  of  bleaching  powder 
a  product  known  as  ctdorinakd  wool  is  produced;  the  fiber  becomes 
glossy,  harsh,  and  loses  ite  feltii^  properties.  The  combination  of  wool 
(as  well  Bs  other  textile  fibers  in  general)  with  various  substances,  such 
as  metallic  oxides,  acids,  dyestufFs,  etc.,  is  probably  more  of  a  colloidal 
than  a  strictly  chemical  phenomenon.  The  substance  of  the  fiber  is 
of  such  a  nature  that  it  is  capable  of  forming  colloidal  aggregates  with 
various  substances,  such  colloidal  aggregates  very  closely  resembling 
chemical  compounds  in  many  of  their  characteristics. 

Scouring  of  Wool.  In  its  natural  state  in  the  fieece  wool  is  contami- 
nated with  a  number  of  impurities.      These  may  be  classified  as  follows: 

(a)  Wool  grease,  which  occurs  in  large  quantities  as  an  external  coating 
on  the  fiber;  it  is  a  natural  exudation  of  the  sheep  and  serves  as  a  protec- 
tion to  the  fiber,  preventing  it  from  becoming  felted  and  mechanically 
injured.  It  differs  from  other  animal  fats  in  that  it  does  not  consist  of 
the  glycerides  of  the  fatty  acids,  and  b  very  difficultly  saponifiable  with 
caustic  alkalies.  Wool  grease  possesses  more  the  chemical  properties 
of  a  wax,  as  it  is  composed  mostly  of  the  higher  solid  alcohols  known 
as  cholesterin  and  isocholesterin  both  in  the  free  state  and  as  esters  with 
the  fatty  acids.  Though  insoluble  in  water  and  not  saponifiable  by 
alkalies,  cholesterin  is  easily  emulsified,  a  property  on  which  is  based  the 
usual  method  of  wool  scouring.  Wool  grease,  however,  is  easily  soluble 
in  naphtha  and  other  volatile  solvents. 

(6)  Suivt,  or  dried-up  perspiration,  con^sting  largely  of  potash  salts 
of  oi^anic  acids,  and  soluble  in  water. 

(c)  MisceUaneou6  dirt,  such  as  dust,  sand,  v^^table  matters,  tar,  etc. 

Before  the  wool  fiber  can  be  used  in  manufacturing  processes  it  must 
first  be  cleansed  from  the  adhering  impurities.  This  is  accomplished 
by  scourmg  the  dirty  and  greasy  wool  in  a  wann  soap  solution,  to  which 
more  or  less  soda  ash  is  added.  The  temperature  of  scouring  should  not 
be  above  140°  F.,  else  the  fiber  will  be  injured  by  the  action  of  the  alkali. 
The  wool  grease  is  easily  emulsified  by  the  alkaline  soap  solution,  whereas 
the  suint  is  dissolved  by  the  water,  the  other  impurities  being  removed 
by  the  mechanical  action  of  the  water.  After  scouring  in  the  soap  solution 
the  wool  is  thoroughly  rinsed  in  warm  water,  and  finally  squeezed  and 
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dried.  Another  form  oE  wool  scouring,  known  as  the  sc^oent  process,  is 
becoming  of  great  importance  in  this  country.  The  greasy  wocJ  is  treated 
with  solvent  naphtha  in  closed  kiers,  and  the  resulting  solution  of  wool 
grease  is  transferred  to  sUIIs  where  the  naphtha  is  recovered  and  the 
wool  grease  is  obtfiined  as  a  by-product.  The  latter  may  be  further 
purified  and  utilized  for  the  preparation  of  lanolin  compounds.  The 
degreased  wool  is  next  treated  with  a  dilute  warm  soap  solution  to  remove 
the  suint  and  dirt.  This  process  leaves  the  fiber  in  a  much  better  con- 
dition and  the  recovered  grease  is  of  sufficient  value  to  pay  for  the  cost 
of  scouring. 

Besides  the  greasy  matters  existing  on  the  surface  of  the  wool  there 
is  apparently  a  small  amount  of  oil  within  the  fiber  proper  and  forming 
an  integral  part  of  its  constitution.  If  this  oU  is  removed  the  fiber  be- 
comes harsh  and  brittle,  therefore  in  scouring  of  wool  either  by  the  soap 
or  the  solvent  method,  it  is  not  de^able  to  carry  the  operation  too  far; 
there  should  be  about  ^  to  1  per  cent  of  natural  oil  left  in  the  fiber  after 
scouring. 

The  potash  salts  existing  in  wool  suint  and  removed  by  the  scouring 
are  valuable  by-products  which  are  capable  of  recovery.  In  many 
European  plants  these  salts,  as  well  as  the  grease,  are  recovered  and 
utilized;  in  this  country,  however,  the  wash  waters  contfunuig  the  suint  are 
run  to  waste.  The  amount  of  grease  and  dirt  in  wool  varies  greatly  with 
the  breed  and  cultivation  of  the  sheep.  The  finer  stapled  woob  usually 
contain  the  largest  proportion  of  grease.  The  amount  of  dirt  and  v^e- 
table  matter  will  depend  largely  on  the  character  of  the  range  on  which 
the  sheep  are  grown,  a  dry  sandy  soil  usually  producing  a  large  amount 
of  dust  in  the  wool.  The  amount  of  loss  caused  in  scouring  wool  is  known 
as  its  shrinkage  and  this  amounts  to  40  to  70  per  cent  on  the  weight  of 
the  raw  fleece.  In  America,  as  a  rule,  there  is  no  distinction  made  between 
the  wool  grease  and  the  suint,  but  the  total  impurities  in  the  fleece  are 
known  under  the  name  of  yolk,  as  in  the  usual  emulsion  process  of  scouring 
the  entire  impurities  are  removed  in  toto  in  a  single  operation. 

■■  The  recovery  of  the  by-products  from  waste  scouring  liquors  is 
gradually  being  forced  upon  American  manufacturers  as  an  escape  from 
the  pollution  of  streams.  Strict  laws  have  been  passed  in  many  localities 
which  have  necessitated  the  wool-scourers  to  erect  suitable  treating  and 
purifying  plants  for  the  removal  of  the  objectionable  matters  from  the 
waste  scouring  liquors  before  such  liquors  can  be  emptied  into  streams. 

The  scouring  of  wool  is  usually  conducted  by  machinery  with  the 
ob/ct  of  agitating  the  fiber  in  the  least  possible  degree,  so  as  to  avoid 
felting.  The  machines  in  general  use  are  long  tanks  arranged  in  tandem 
order.  The  greasy  wool  is  introduced  into  the  first  tank  by  means  of  a 
traveling  apron,  and  is  slowly  carried  through  the  scouring  liquor  by 
moving  forks  until  it  is  caught  up  by  squeeze  rolls  and  passed  into  the 
second  tank,  where  it  is  carried  forward  in  the  same  manner  through  another 
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80sp  solutjon;  it  is  finally  carried  through  a  third  tank  contaimng  fresh 
warm  water  for  rinrang.  The  acourii^  liquor  is  introduced  fresh  iato  the 
second  tank  and  passes  thence  into  the  first  tank,  so  as  to  have  the  clean 
wool  coming  from  the  fresh  liquor.  In  some  places  the  spent  scouring 
liquors  are  worked  up  to  recover  the  potash  salta  by  simple  evaporation 
and  calcination,  when  from  5  to  10  per  cent  (on  the  .weight  ot  the  raw 
wool)  of  potash  may  be  obtained.  Again,  the  spent  liquors  are  sometimes 
treated  with  sulphuric  acid,  in  order  to  decompose  the  soaps  and  liberate 
the  fatty  matters.  The  latter,  together  with  the  associated  wool  grease, 
are  settled  out  on  the  surface  of  the  liquor  from  which  they  are  removed. 
The  excess  of  water  is  eliminated  by  hot-pressing  in  bags.  The  crude 
greasy  product  so  obtained  is  known  as  Yorkahire  grease,  and  has  con- 
Edderable  use  for  dressing  leather  and  as  a  lubricating  grease. 

Mechanical  TreatmcDt  of  Wool  in  Manufacture.  After  wool  has 
been  scoured  and  dried  the  next  step  is  to  convert  it  into  yam.  In  the 
first  place,  according  to  the  quality  of  yarn  desired,  a  close  selection  of 
the  required  grade  of  wool  is  made.  This  is  the  function  of  a  special 
branch  of  the  industry  known  as  toool  grading  and  sorting.  Wool  is  first 
graded  with  reference  to  the  breed  of  sheep,  such  as  full-blood  merino, 
territOTy,  half-blood,  etc.  This  has  reference  chiefly  to  the  fineness  and 
length  of  staple.  The  long  stapled  wools  are  suitable  for  co/nbing  and  are 
used  for  the  preparation  of  worsted  yams;  the  shorter  stapled  varieties 
are  carded  and  made  into  woolen  yams.  In  the  combing  process  the 
shorter  fibers  {noiU)  are  removed  from  the  long  ones,  leaving  the  latter 
to  form  what  is  called  tops,  a  form  of  preparation  previous  to  the  spinning 
of  the  yam.  As  the  character  and  quality  of  the  fil>er  varies  considerably 
at  different  parts  of  the  same  fleece,  wool  is  further  graded  by  aorHng  the 
fleece  into  its  distinctive  portions,  such  as  the  loin,  back,  neck,  legs,  etc. 
Usually  the  fleece  is  sorted  into  nine  portions.  The  grading  and  sortmg 
of  the  fleece  is  made  previous  to  scouring. 

In  the  preparation  of  yam  the  first  step  is  combmg  (for  long 
staples)  or  carding  (short  staples).  Thb  is  for  the  purpose  of  removii^ 
undesirable  matters,  such  as  short  fibers,  adhering  impurities,  etc.,  and 
also  to  lay  the  fibers  in  a  parallel  direction  and  bring  the  wool  into 
a  ribbon-like  form  so  as  to  permit  of  the  subsequent  spinning  opera- 
tions. These  latter  processes  consist  in  further  parallelmg  the  fibers 
and  reducing  the  thread  to  the  desired  size  by  drawing  out  and 
twisting. 

Chemical  Trealment  of  Wool  in  Manufacture.  (1)  Bleaching.  The 
wool  fiber  in  its  natural  state  contains  more  or  less  of  a  yellowish  brown 
pigment.  In  some  cases  this  pigment  becomes  greatly  accentuated  and 
the  fleece  may  be  dark  brown  or  even  black  in  color,  but  these  occasional 
"  black  sheep "  are  of  rather  rare  occurrence.  Where  it  is  desirable 
to  have  a  perfectly  white  fiber  either  for  purposes  of  dyeing  delicate 
tints  or  for  white  goods,  it  becomes  necessary  to  bleach  the  wool.     Therg 
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are  two  general  methods  in  use  at  present  for  this  purpose.  In  the  first, 
Bulphurous  acid,  SO2,  is  used  as  the  active  bleaching  agent.  The  well 
scoured  and  moistened  woolen  material  is  placed  in  a  suitable  room  and 
subjected  to  the  prolonged  action  of  fumes  of  burning  sulphur,  the  t^me 
required  for  complete  bleaching  being  from  eight  to  twenty-four  hours,  de- 
pending on  the  nature  and  texture  of  the  material.  The  process  is  termed 
"  stoving,"  from  the  so-called  stove  in  which  the  sulphur  is  burnt.  The 
bleaching  room  must  be  so  constructed  as  not  to  permit  of  the  condensed 
acid  liquor  dropping  on  the  goods,  which  would  otherwise  be  spotted 
and  injured.  This  process  is  known  as  the  "gas"  or  '*  dry  "  method  of 
bleaching.  After  the  bleaching  is  finished  the  wool  is  rinsed  in  a  water 
containing  a  minute  quantity  of  a  blue  or  bluish-violet  coloring  matter 
for  the  purpose  of  tinting  the  white  so  as  to  furnish  a  more  pleasii^  color 
to  the  eye.  A  "  wet "  process  of  bleaching  may  also  be  employed,  the 
wool  being  steeped  in  a  dilute  solution  of  sodium  bisulphite  for  some  hours, 
and  then  passed  through  a  bath  of  dilute  sulphuric  acid.  The  bleached 
white  obtained  on  wool  with  sulphurous  acid  does  not  appear  to  be  per- 
manent, as  prolonged  exposure  to  the  air  will  cause  the  yellow  natural 
color  to  return.  This  has  been  accounted  for  by  assuming  that  the  sul- 
phurous acid  merely  reduces  the  natural  pigment  to  a  colorless  compound 
which  becomes  reoxidized  on  exposure  to  the  air,  resulting  in  the  formation 
again  of  the  original  pigment. 

A  second  process  for  the  bleaching  of  wool  which  is  comii^  into  con- 
siderable favor  more  especially  for  fine  goods  is  that  which  employs 
sodium  peroxide  as  the  bleaching  agent.  Hydrc^en  peroxide  is  also 
employed  to  a  considerable  extent  in  bleaching.  It  is  probably  some- 
what more  expensive  to  use  than  sodium  peroxide,  but  does  not  offer 
^e  disadvantages  of  the  latter  in  the  preparation  of  the  bleaching  liquor, 
which  in  the  case  of  hydrogen  peroxide  is  also  free  from  sodium  sul- 
phate. Sodium  peroxide,  Na202,  when  dissolved  in  water  acidulated 
with  sulphuric  acid,  yields  a  solution  of  sodium  sulphate  and  hydrogen 
peroxide: 

Na203+H2S0*-Na2S04+H202. 

The  hydrogen  peroxide  in  contact  with  organic  substances  readily 
decomposes  with  liberation  of  nascent  oxygen: 


and  the  latter  quickly  decomposes  and  destroys  the  coloring  matters 
in  wool.  In  general  outline,  then,  the  process  of  bleaching  wool  with 
sodium  peroxide  is  to  prepare  a  bleaching  liquor  ae  follows: 

100  gals,  of  pure  water; 

5  lbs.  5  ozs.  oil  of  vitriol  168°  Tw.); 

4  lbs.  of  sodium  peroxide  (98  per  cent). 
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The  acid  is  mixed  with  the  water  first  and  then  the  sodium  peroxide  is 
carefully  sifted  ia.  These  proportions  should  leave  the  bath  in  a  slightly 
acid  condition;  this  is  essential,  as  otherwise  caustic  soda  would  be  present 
from  the  incomplete  neutralization  of  the  sodium  peroxide,  and  small 
traces  of  that  alkali  in  the  bath  would  be  very  injurious  to  the  fiber. 
Before  using  the  bath  for  bleaching  it  is  neutralized  by  the  addition  of 
the  requisite  amount  of  sodium  silicate,  ammonia,  or  borax.  This  is 
necessary  because  the  bleaching  effect  is  much  enhanced  in  a  slightly 
alkaline  solution.  The  woolen  material  (which  has  previously  been 
well  scoured)  is  then  entered  and  manipulated  sufficiently  to  thoroughly 
saturate  the  fibers,  after  which  the  wool  is  left  in  the  hquor  for  ten  to 
twenty  hours  when  the  bleaching  should  be  complete.  All  the  materials 
employed  in  the  preparation  of  the  sodium  peroxide  bath  must  be  very 
free  from  iron,  otherwise  the  bleaching  will  be  imperfect.  In  preparing 
the  bleaching  solution  from  hydrogen  peroxide  the  procedure  is  much 
more  simple.  Hydrogen  peroxide  comes  into  trade  in  the  form  of  a 
3-peiM!ent  solution  contained  in  carboys  This  solution  is  simply 
diluted  with  water  so  as  to  furnish  a  ^per-cent  solution  of  hydrogen 
peroxide,  that  is  to  say  1  gallon  of  hydrogen  percHcide  liquor  is  mixed 
with  5  gallons  of  water.  Then  sufficient  sodium  silicate  or  ammonia 
is  added  to  make  the  bath  distinctly  alkaline  in  reaction.  In  some  cases 
a  1-per-cent  solution,  of  hydrogen  peroxide  is  used  for  bleaching.  The 
bleaching  vat  should  be  of  wood  and  all  necessary  pipes  should  be  of  lead. 
The  temperature  of  the  bath  should  be  mdntaioed  at  about  100°  F. 
during  the  entire  time  of  bleaching.  The  white  color  obtained  by  this 
method  of  bleaching  is  a  permanent  one,  as  the  pigment  matter  in  the 
fiber  is  completely  destroyed.  It  also  leaves  the  fiber  free  from  any 
deleterious  substance,  hence  is  to  be  preferred  to  the  sulphur  method, 
which  nearly  always  leaves  a  residue  of  sulphurous  acid  (or  its  com- 
pounds), and  this  acta  injuriously  on  many  coloring  matters  which  may 
be  used  in  the  after-dyeing  of  the  bleached  wool.  Unfortunately  the 
cost  of  the  peroxide  method  is  still  too  high  to  permit  of  its  general 
adoption  for  all  cases  of  wool  bleaching. 

Wool  may  also  be  bleached  by  treatment  with  a  cold  dilute  solution 
of  potassium  permanganate.  The  pigment  in  the  fiber  is  rapidly  destroyed 
by  the  strong  oxidizing  action  of  this  chemical,  but  the  resulting  decom- 
position of  the  permanganate  precipitates  a  brown  hydroxide  of  manganese 
on  the  fiber,  hence  it  is  necessary  to  pass  the  wool  through  a  second  bath 
cont^ning  a  weak  solution  of  sodium  bisulphite  which  removes  completely 
the  deposit  of  manganese  compound  and  leaves  the  wool  perfectly  white. 
Oxalic  acid  will  also  have  the  same  discharging  effect  on  the  brown 
oxide  of  manganese,  and  is  sometimes  employed  in  place  of  sodium 
bisulphite.  This  method  gives  a  very  rapid  process  for  bleaching,  but 
it  is  rather  costly.  Wool,  however,  which  had  been  bleached  with 
sulphurous  acid,  is  often  treated  with  a  very  dilute  solution  of  potassium 
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pennanganate,  to  insure  the  camplete  removal  of  all  residu&l  aulphur- 
oua  acid  compounds  from  the  fiber.  Wool  may  be  bleached  in  almost 
any  sta^  of  its  manufacture;   as  loose  stock,  tops,  yam,  or  cloth. 

Carboniziiig.  Woolen  material  is  often  contaminated  with  email 
quantities  of  vegetable  fiber,  and  as  the  latter  does  not  become  dyed  in 
the  same  manner  as  the  wool,  it  shows  itself  in  the  form  of  specks.  To 
purify  the  cloth  (or  other  form  of  manufactured  wool)  from  these  specks, 
the  v^etable  fiber  ia  destroyed  by  treatment  with  a  dilute  solution  of 
sulphuric  acid  (6°  Tw.)  and  subsequently  drying  at  ISO  to  190°  F.  This 
"  carbcfnizes "  the  vegetable  matter,  or  reduces  it  to  a  brittle  friable 
substance,  which  is  easily  removed  by  beating  and  washing  the  woolen 
material.  Dilute  solutions  of  aiuminium  chloride  (10  to  12°  Tw.)  may 
also  be  used  for  the  same  purpos:!,  as  on  drying  this  salt  is  decomposed 
with  liberation  of  hydrochloric  acid.  The  latter  method  is  used  chiefly 
where  dyed  materials  are  to  be  treated,  as  the  colors  are  less  affected  than 
when  sulphuric  acid  is  employed.  The  process  of  carbonizing  is  also 
lai^ely  employed  for  the  purpose  of  recovering  the  pure  wool  fiber  from 
rags  containing  mixtures  of  wool  and  cotton  yams.  The  resulting  prod- 
uct is  known  as  shoddy  or  mungo  and  has  a  large  use  in  the  woolen  industry. 

Crabbing.  This  is  a  process  for  removing  the  crinkle  or  curl  from 
cloth  or  yam  caused  by  the  uneven  shrinkage  or  curl  of  the  fiber.  It 
depends  on  the  fact  that  when  the  wool  fiber  is  subjected  to  a  moist  heat 
it  becomes  plastic  and  can  easily  be  straightened  out  by  stretcbii^.  If 
the  fiber  is  then  cooled  in  the  stretched  condition  it  will  preserve  its 
straight  fomi  permanently.  Tightly  twisted  worsted  yams  are  very  liable 
to  curl  up.  This  may  be  remedied  by  treating  the  stretched  yam  with 
steam  or  boiling  water,  and  then  allowing  to  cool  while  still  in  the  stretched 
condition.  Cloth  containing  tightly  twisted-in  curled  yams  or  contain- 
ing a  mixture  of  woolen  and  cotton  yams  will  crinkle  up  or  pucker  owii^ 
to  uneven  contraction  of  the  yams  in  finishing.  This  may  be  removed 
by  passing  the  stretched  cloth  alternately  through  boiling  water  and  cold 
water,  or  better  yet  by  tightly  winding  the  cloth  on  a  perforated  cylinder 
and  blowing  steam  through  it,  then  subsequently  cooling.  The  crabbing 
process  in  the  case  of  cloth  is  also  known  as  decatizing,  and  is  extensively 
used  for  the  production  of  a  high-lustre  finish  on  such  fabrics  as  broad- 
cloth, etc. 

Fulling.  This  process  is  also  known  as  "milling."  It  is  a  felting 
action  produced  on  the  wool  fibers  in  a  fabric  by  the  combined  action  of 
Boap  and  friction.  The  projectmg  scales  on  the  mdividual  fibers  become 
interlocked  so  that  the  fibers  firmly  adhere  together.  This  action  causes 
the  cloth  to  shrink  considerably  and  at  the  same  time  become  more  con- 
tinuous and  homc^eneous  m  its  stmcture.  If  the  operation  of  fulling  is 
carried  on  to  its  full  extent  a  felt  is  made  of  the  cloth.  Acid  solutions, 
and  even  boiling  water,  combmed  with  friction  will  also  produce  fulling. 
In  this  manner  hat  felts  are  produced. 
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The  Minor  Animal  Fibers.  In  addition  to  wool  there  are  also  a 
number  of  other  animal  hair  fibers  employed  to  a  limited  extent  in  the 
manufacture  of  textiles.  The  woolly  fibers  of  different  species  of  goats 
are  utilized  in  much  the  same  manner  as  wool  itself.  Mohair  is  obtained 
from  the  Angora  goat.  The  fiber  b  long,  fine,  smooth  and  highly  lustrous. 
It  is  largely  used  for  the  manufacture  of  plushes,  braids,  and  linings. 
Cashmere,  alpa4Xt,  and  llama  are  also  fibers  from  species  of  goats.  AH 
of  these  animal  hair  fibers  are  similar  in  chemical  composition  to  wool; 
their  physical  structure  is  also  very  similar. 

Silk.  Though  silk  is  also  an  animal  fiber  and  somewhat  similar  to 
wool  in  its  general  chemical  properties,  it  differs  very  widely  from  that 
fiber  in  its  physical  structure  and  properties.  The  silk  fiber  b  a  fine 
continuous  filament  spun  by  the  silkworm  in  the  preparation  of  its 
cocoon.  The  fiber  as  spun  by  the  caterpillar  consists  of  two  filaments 
composed  of  a  proteoid  substance  called  fibroin  and  surrounded  and 
cemented  together  by  a  glue-like  aulistance  known  as  sericiri  or  silk-gum. 
The  silkworms  are  cultivated  principally  in  China,  Japan,  Italy,  and 
southern  France.  Their  chief  food  consbts  of  the  leaves  of  the  mulberry 
tree,  hence  the  caterpillar  b  known  as  the  mulberry  silkworm,  or  Bombyx 
mori.  The  cocoons  are  irregularly  ovoid  in  shape  and  the  length  of  the 
fiber  in  them  varies  from  350  to  1200  meters,  while  its  average  diameter 
ia  0.018  mm.  The  silk  fiber  aa  used  in  manufacturing  b  prepared  by 
reeling  from  the  cocoons.  When  the  cocoons  have  been  completed  by  the 
silkworm  they  are  collected  and  heated  in  an  oven  to  a  temperature  of 
60  to  70°  C.  for  the  purpose  of  killii^  the  pupa  within.  Or,  the  cocoons 
may  be  steamed  for  a  few  minutes  which  serves  the  same  purpose.  The 
cocoons  are  then  sorted  for  size,  color,  damage,  etc.,  so  as  ix)  obtain  a 
uniform  product.  They  are  then  placed  in  a  basin  of  warm  water  which 
softens  the  enveloping  silk-glue  and  permits  of  the  unwinding  of  the 
cocoon  thread.  The  fibers  from  several  cocoons  are  brought  together 
iwd  passed  over  a  suitable  reel  where  they  are  slightly  twisted  together 
to  form  a  thread  of  sufficient  size  for  weaving.  The  adhering  silk-glue 
becomes  hardened  again,  so  that  the  thread  presents  a  uniform  appear- 
ance. This  silk  is  reeled  into  skeins  of  convenient  size  and  comes  into 
trade  as  raw  silk.  Owing  to  the  presence  of  the  silk-^lue  it  is  stiff  and 
wiry  and  translucent  in  appearance.  Some  varieties  are  of  a  creamy 
white  color,  while  others  are  quite  yellow.  This  yellow  color,  however, 
exists  only  in  the  silk-glue  and  b  removed  along  with  the  latter.  Organnne 
silk  b  prepared  from  the  highest  grade  of  cocoons,  and  by  reason  of  its 
superior  strength  it  is  employed  for  warps.  Tram  silk  is  weaker  and  is 
used  for  filling.  In  the  reeling  of  silk  a  large  amount  of  waste  is  produced. 
This  b  scoured  in  a  solution  of  soap  and  soda  in  order  to  remove  the  silk- 
glue,  and  the  residual  fiber  is  then  carded  and  combed  and  b  used  for 
the  preparation  of  spun  sUk. 

An  inferior  grade  of  waste  silk  from  imperfect  and  damaged  cocoons  is 
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known  a&  silk  noila.  This  is  used  for  making  low-^rade  coarse  silk  yams, 
for  blankets,  rugs,  etc. 

BoUing-off  of  Silk.  The  reeled  silk  as  it  appears  in  trade  consists 
of  70  to  75  per  cent  of  fibroin  or  fiber  proper  and  30  to  25  per  cent  of  sericin 
or  silk-glue.  For  purposes  of  manufacture  it  is  necessary  to  remove 
more  or  less  of  the  silk-glue.  For  this  purpose  the  skeins  of  raw  silk  sjre 
treated  near  the  boil  in  a  strong  solution  of  soap  (about  1  lb.  per  gallon). 
The  soap  must  be  of  the  best  quality  and  free  from  uncombined  alkali 
as  the  quality  of  the  silk  is  greatly  deteriorated  by  the  presence  of  even 
a  trace  of  the  latter  substance.  When  all  of  the  silk-glue  is  to  be  removed 
it  will  be  necessary  to  boil  the  silk  for  several  liours  in  two  or  more  soap 
solutions.  It  is  best  to  maintain  the  temperature  just  under  the  boiling- 
point  to  prevent  the  tanglmg  of  the  fine  silk  Bbers.  The  soap  solutions 
are  used  continuously  for  the  boiling-out  of  several  batches  of  silk  until 
they  became  heavily  charged  with  dissolved  silk-glue.  The  spent  soap 
solution  is  known  as  boited~off  liguor  and  is  largely  used  in  the  preparation 
of  the  dye-bath  for  silk.  Raw  silk  will  shrink  about  25  per  cent  in 
weight  when  boiled-off.  More  frequently  it  is  not  dearable  to  remove 
all  of  the  silk  glue,  but  only  sufficient  to  allow  of  the  fiber  being  sub- 
sequently dyed,  bleached,  or  otherwise  processed.  When  10  to  15  per 
cent  in  weight  is  lost  by  scouring  the  process  is  termed  soupling.  When 
the  boiling-off  removes  only  2  to  5  per  cent  in  weight  the  product  is 
known  as  icru  silk. 

The  Chemical  Nature  and  Properties  of  Silk.  Though  ^k  is  some- 
what similar  to  wool  in  its  general  chemical  properties  it  differs  from  that 
fiber  in  that  it  does  not  contain  any  sulphur  in  its  composition.  Silk 
is  readily  attacked  by  alkalies,  especially  in  hot  solutions,  though  it  is 
more  resistant  in  this  respect  than  wool.  The  caustic  alkalies  slowly 
dissolve  the  silk  fiber  on  boiling,  whereas  the  alkaline  carbonates  are 
much  less  destructive,  but  even  these  reagents  slowly  attack  the  fiber. 
Concentrated  hydrochloric  acid  rapidly  dissolves  silk  even  when  cold. 
Dilute  mineral  acids  are  absorbed  by  the  fiber  in  the  same  manner  as  with 
wool,  and  may  be  employed  In  the  dyeing  of  silk.  Dilute  solutions  of 
nitric  acid  are  employed  for  the  bleaching  of  silk.  The  effect  of  dilute 
acid  solutions  on  silk,  especially  when  dried  mto  the  fiber,  is  to  increase 
aomewhat  the  luster  and  to  give  the  silk  what  is  called  scroop — that  is, 
it  produces  a  crackling  rustling  sound  when  rubbed  or  compressed.  This 
property  is  best  imparted  by  steeping  the  silk  in  a  bath  of  dilute  acetic, 
tartaric,  or  formic  acid,  squeezing  and  drying  without  washing.  Hard 
water  (containing  lime)  should  be  avoided  when  dyeing  or  bleaching  silk, 
as  it  affects  the  luster  of  the  fiber,  and  makes  it  brittle.  Chlorine,  and 
oxidizing  agents  in  general,  rapidly  destroy  the  silk  fiber,  except  when 
employed  in  very  dilute  solutions.  Silk  is  capable  of  absorbmg  metallic 
salts  from  solutions  and  fixing  the  oxide  of  the  metal  in  the  fiber.  On  this 
action  is  based  the  process  of  mordanting  and  weighting  silk.  -  Tannic 
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acid  is  also  absorbed  by  the  fiber  JD  large  proportione.  For  purposes  of 
mordaoting,  silk  is  steeped  successively  in  batha  containing  tannic  acid 
(cutcb,  myrabolams,  etc.)  and  an  iron  salt  (such  as  pyrolignite  of  iron  or 
"nitrate  of  iron,"  which  is  really  a  ferric  sulphate).  By  repeating  these 
treatments  a  number  of  times  the  silk  may  be  weighted  to  a  considerable 
extent,  frequently  as  much  as  100  per  cent.  This  method  of  weighting  is 
principally  used  as  a  preparation  for  the  black  dyeing  of  silk.  Where  colors 
are  to  be  dyed,  the  silk  is  usually  weighted  with  tin  salts,  the  fiber  being 
treated  with  successive  baths  of  stannic  chloride,  sodium  phosphate,  and 
sodium  silicate.    A  high  degree  of  weighting  can  also  be  obtained  in  this 

The  proximate  composition  of  the  fibroin  of  silk  is  as  follows: 

Carbon 48.3% 

Hydrogen 6.5 

Oxygen 26.0 

Nitrogen 19.2 

100.0 

These  figures  refer  to  the  purified  fibroin  free  from  all  silk-glue  or  other 
contaminating  substances.  As  different  samples  of  silk  give  slightly 
different  results  on  analysis,  it  is  probable  that  the  silk  fiber  is  a  composite 
substance  and  not  an  individual  chemical  body.  The  sericin,  or  silk- 
glue,  baa  the  following  composition: 

Carbon 48.8% 

Hydrogen , 6,2 

Oxygen 26,0 

Nitrogen 19 . 0 


100.0 


Thus  it  will  be  seen  that  the  sericin  is  very  close  to  the  fibroin  in  its  chem- 
ical composition.  The  former,  however,  is  slowly  soluble  in  warm  water 
and  readily  soluble  in  soap  and  alkaline  solutions,  whereas  the  fibroin  is 
.not. 

Physical  Properties  of  Silk.  When  examined  under  the  microscope 
the  raw  silk  fiber  is  found  to  consist  of  two  more  or  less  parallel  filaments 
rather  firmly  cemented  together  by  an  envelope  of  silk-glue.  Due 
to  the  process  of  reeling  from  the  cocoon,  irregular  shreds  and  lumps  of 
silk-glue  will  also  be  noticed  adhering  to  the  fibers  (see  F^.  356),  This 
microscopic  appearance  of  silk  is  quite  characteristic,  and  serves  to 
distii^^ish  it  from  other  fibers.  No  indication  of  internal  structure 
can  be  noticed  in  the  case  of  the  purified  fiber;  it  merely  resembles  a 
translucent  glass  rod,  smooth  and  regularly  cylindrical. 
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As  already  DOt«d  raw  silk  is  harsh  and  wiiy  in  handle  and  rather 
lusterlesB  in  appearance.  This  is  due  to  the  envelope  of  silk-g^ue 
surrounding  the  fiber.  When  this  is  removed  the  fiber  proper  appears 
as  a  white,  soft,  and  highly  lustrous  fiber.  It  pc^sesses  a  remarkably 
bigb  tensile  strength  and  great  elasticity.  Silk 
is  also  a  good  nonconductor  of  heat  and  elec- 
tricity. 

Wild  Silks.    Besides  the  ordinary  variety  of 
cultivated   or   mulberry   silkworm,   there   are  a 
number  of    other  silkworms  which   grow  wild, 
yet  furnish  cocoons  which  yield  a  considerable 
amount  of  commeicial  silk.     This  fiber  is  gen- 
erally known  imder  the  name  of  tuasah  or  tusaur 
silk.     It  is  of  a  brownish  color,  and  b  harsher     *''°-  356.— Silk  Fiber, 
and  coarser  than  mulberry  silk.    It  is  also  much  Cocood    threadH    ehowing 
harder  to  boil  off  and  to  bleach  and  dye.    It  is      ^^^  Sk'S" 
largely  used  for  the  manufacture  of  plush  fabrics, 

imitation  seabkin,  etc.,  and  also  for  a  dress  material  known  as  "  pongee  " 
or  tusaur  silk.  Wild  silk  can  readily  be  distinguished  under  the  micro- 
scope, as  the  fibers  are  broad,  and  the  cross-section  is  flat  and  triangu- 
lar. Longitudinal  striations  are  also  very  distinct,,  as  well  as  peculiar 
oblique  crc^s-maxkings  caused  by  the  overlapping  of  the  fibers  on  one 
another  in  the  cocoon  before  the  fibroin  has  become  hardened. 

Bleaching  tA  Silk.  For  most  purposes  silk  is  sufficiently  white  without 
bleaching,  but  where  very  delicate  tints  are  to  be  dyed  or  where  a  very 
pure  white  fabric  is  desired,  it  is  necessary  to  bleach  out  the  slight  tint  of 
yellow  to  be  noticed  in  natural  silk.  Silk  may  be  bleached  in  much  the 
same  manner  as  wool,  using  either  the  sulphurous  acid  or  the  sodium 
peroxide  process.  The  latter  method  is  to  be  preferred  in  the  case  of  silk, 
as  it  furnishes  a  nicer  product,  and  the  bleach  is  not  liable  to  become 
yellow  again  on  exposure.  The  extra  cost  of  this  process  is  not  a  drawback 
when  employed  for  silk  as  when  used  for  wool,  as  the  comparative  value 
of  the  fiber  itself  is  far  greater.  Silk  was  formerly  also  bleached  by 
treatment  with  dilute  cold  solutions  of  aqua  regia,  but  as  this  process 
was  very  liable  to  cause  injury  to  the  fiber  unless  very  skilfully  con- 
ducted, it  is  not  now  employed  to  any  extent. 

Cotton.  The  cotton  fiber  consists  of  the  hairy  covering  of  the  seeds 
of  the  cotton  plant,  or  gosaypium.  There  are  a  large  number  of  species 
and  varieties  of  the  cotton  plant,  the  principal  of  which  are  the  following; 

Gossypium  barbadense,  producing  silky  and  long-stapled  fibers,  the 
principal  representatives  of  which  are  the  Sea-IslaTid  cotton  of  the  Southern 
Gulf  States,  Egyptian  cotton,  and  Peruvian. 

Gossypium  kirsytum,  which  includes  most  of  the  cotton  grown  in  the 
Unit«d  States  and  forms  the  great  bulk  of  the  cotton  used  in  trade.  It 
is  known  as  upland,  p«der,  or  simply  American  cotton. 
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Oosaypium  herbaceum,  including  the  majority  of  the  cotton  grown 
in  India  and  China,  as  well  as  the  small  amount  which  is  grown  in  Italy. 
The  fiber  is  very  short  and  inferior  to  that  of  the  two  preceding 
varieties. 

Gossypium  aTboreum,  comprises  most  of  the  cotton  in  Asia  Minor. 
This  variety  grows  to  the  dimensions  of  a  tree  in  contradistinction  to  the 
other  varieties  which  are  all  shrubs.  The  fiber  is  of  poor  quality,  being 
short  and  coarse  and  of  a  greenish  color. 

The  seed  hcurs  of  cotton  are  developed  in  a  boll  as  the  fruit  of  the  plant 
ripens,  and  when  maturity  is  reached  the  boll  bursts  open  liberating  a 
fluffy  white  mass  of  fibers.  These  fibers  are  firmly  attached  to  the  surface 
of  the  seed,  and  after  the  cotton  is  picked  from  the  plant  the  fiber  must  be 
detached  and  separated  from  the  seed  by  a  process  known  as  ginning. 
The  ginned  fiber  is  then  baled  and  distributed  to  the  spinning  mills.  The 
seed  which  b  left  now  forms  a  valuable  by-product  of  the  industry.  It 
is  first  subjected  to  a  second  process  of  ginning  for  the  purpose  of  removing 
the  short  undergrowth  of  fibers  known  as  nepe  or  linteiB,  and  these  are 
used  in  the  manufacture  c^  wadding  and  cotton  batting  and  also  for  the 
preparation  of  pyroxylin  and  gun-cotton.  The  cleaned  seeds  are  then 
hulled,  and  from  the  separated  meal  the  oil  is  extracted  by  cold  and 
hot  pressing  and  steaming.  The  cottonseed  oil  so  obtained  is  a  very 
valuable  product,  the  finer  qualities  being  used  for  salad  oils  and  other 
culinary  purposes,  while  the  lower  grades  are  extensively  used  for  soap- 
making.  The  residual  meal  is  used  as  a  cattle-food,  and  other  residues 
find  use  as  fertilisers. 

Before  being  utilized  by  the  spinner,  cotton  is  graded  with  respect  to 
length  and  fineness  of  staple,  color,  cleanliness,  and  other  qualities.  The 
value  of  the  fiber  is  determined  by  this  classification,  the  basis  being  what 
is  known  as  "  middling  "  cotton,  the  various  grades  going  up  and  down 
from  this  standard. 

Miysical  Properties  of  Cotton.  The  cotton  fiber  consists  of  a  single 
cell,  narrow  and  elongated,  with  one  end  fastened  to  the  seed  and  the 
other  tapering  to  a  point.  During  its  growth  it  b  tubular,  being  cylin- 
drical in  shape  with  comparatively  thin  cell-walls  and  an  inner  canal  or 
lumen.  When  the  fiber  ripens,  the  sap  in  the  inner  canal  is  absorbed, 
.  the  cell-walb  collapse,  leaving  a  flat  ribbon-like  fiber  with  thickened 
edges.  By  the  unequal  drying  of  the  fiber  it  becomes  twbted  spirally 
on  its  axb.  These  spiral  twbts  give  to  cotton  its  good  spinning  qualities, 
for  when  twisted  together  the  fibers  cohere  to  one  another  to  give  a 
strong  thread.  The  different  varieties  of  cotton  exhibit  considerable 
variation  in  length  and  fineness  of  staple.  Sea-Island  cotton  has  an  average 
length  of  about  1.6ins.  and  a  diameter  of  0.00065  in.  Ordinary  American 
cotton  varies  from  1.5  to  0.75  in.  in  length  and  has  a  diameter  of  about 
0.00075  in.  Egyptian  cotton  has  a  staple  slightly  shorter  than  Sea- 
Island,  and  of  about  the  same  fineness.     The  South-American  and  Indian 
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cottons  are  comparatively  short  and  coarse,  averagiog  about  1  in.  in 
length  and  0.00085  in.  in  diameter.  The  physical  character  of  the  fiber 
in  any  lot  of  cottOD  is  very  variable,  hence  in  manufacturing  it  is  neces- 
Bary  to  separate  the  short  fibers  from  the  long  by  a  process  of  combing 
or  carding;  the  longer  fibers  being  used  for  the  better  grade  of  yams 
and  the  shorter  fibers  for  the  coarser  yarns.  The  degree  of  ripeness  of 
the  fiber  also  determines  its  general  character; 
unripe  fibers  have  a  very  attenuated  cell-wall 
and  consequently  are  weak  and  brittle.  The 
mature  fiber  has  a  thicker  wall  and  a  much  greater 
strength.  Sea^Island,  American,  and  Indian  cot- 
tons contain  very  little  natural  pigment,  being 
quite  white  in  appearance;  the  chief  varieties  of 
Egyptian  cottons,  however,  are  rather  highly 
tinged  with  a  brownish  color  which  is  quite  dis- 
tinctive. The  microscopic  appearance  of  cotton  pia_  357,— The  Cotton 
is  quite  characteristic  and  serves  to  distinguish  Tibw. 

it  readily  from    other   fibers    either    of    animal 

or  vegetable  origin  (see  F^.  357).  The  flat,  twisted,  ribbon-like  j^pear- 
ance  is  very  noticeable. 

Chemical  PropertieB  of  Cotton.  In  common  with  all  other  T^etable 
fibers,  cotton  is  composed  essentially  of  cellulose;  in  fact,  the  purified 
fiber  may  be  considered  as  almost  chemically  pure  cellulose.  In  Its  natural 
condition,  however,  there  is  associated  with  the  cellulose  a  small  amount 
of  waxy  and  oily  matter,  which  evidently  acts  as  a  protective  layer  on  the 
surface  of  the  fiber.  The  composition  of  the  natm-al  fiber  is  about  as 
follows: 

CeUuIose  (CaHioOs) 91.00 

Waxy  and  fatty  matters 0.510-0.40 

Nitrc^enous  matter 0.70-0.50 

Moisture 7.00-7.50 

Ash  (mineral  matter) 0.80-1.20 

The  presence  of  the  waxy  coating  on  the  raw  fiber  causes  it  to  be  wat«a^ 
repellent,  hence  difficult  to  impregnate  with  solutions.  On  this  account, 
cotton  material  must  be  boiled  out  for  dyeing  or  bleaching;  that  is  to  say, 
the  wax  must  be  removed  by  boiling  in  a  dilute  solution  of  caustic  soda, 
eoda  ash,  soap,  or  other  alkaline  substance.  Certain  oils,  such  as  Turkey- 
red  oil  (sulphonated  castor  oil)  also  have  the  property  of  rapidly  removing 
the  cotton-wax.  The  presence  of  this  wax,  however,  aids  considerably 
in  the  spinning  of  cotton  as  it  makes  the  fiber  more  plastic  and  coherent. 
On  this  accotmt  dyed  and  bleached  cotton  does  not  spin  as  satisfactorily 
as  raw  cotton.  In  its  general  chemical  reactions  cotton  behaves  in  the 
same  manner  as  ordinary  cellulose.  The  fiber  becomes  rapidly  disinte- 
grated by  the  action  of  mineral  acids,  even  in  comparatively  dilute  solu- 
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tions,  aod  this  is  especially  true  when  any  of  the  acid  liquor  is  allowed 
to  dry  into  the  fiber.  Hence,  in  all  operations  of  dyeing,  bleaching,  etc., 
where  cotton  may  come  into  contact  with  acid  solutions,  it  is  very  neces- 
Bary  to  thoroughly  remove  the  acid  by  continued  washing  or  to  neutralize 
it  by  a  treatment  with  an  alkaline  solution.  The  organic  acids  which 
are  volatile  (such  as  acetic  and  formic)  do  not  have  much  effect  on  cotton, 
and  in  consequence  are  generally  employed  in  operations  where  the  use 
of  an  acid  is, required  for  this  fiber.  The  non-volatile  oi^^ic  acids 
(such  as  tartaric  and  oxalic)  when  allowed  to  dry  and  crystallize  in  the 
fiber  affect  it  injuriously.  Concentrated  sulphuric  acid  converts  cotton- 
into  a  product  known  as  amyloid  or  vegetable  parchment.  Concen- 
trated nitric  acid  reacte  with  cotton  to  form  a  series  of  nitrated 
celluloses  known  as  pyroxylina,  which  are  utilized  for  a  variety  of 
commercial  purposes.  Among  these  derivatives  may  be  mentioned  gun- 
cotton,  which  forms  the  basis  of  numerous  high  explosives;  coUodion, 
which  is  a  solution  of  pyroxylin  in  a  mixture  of  ether  and  alcohol,  and 
which  is  extensively  used  in  surgery  and  photography  as  well  as  for  the 
production  of  artificial  silk  filaments;  celluloid,  obtained  by  dissolving 
nitrated  cellulose  in  molten  camphor.  The  decomposition  product  of 
cotton  with  dilute  mineral  acids  is  known  as  hydrocellulose  or  oxycelltdose; 
the  acid  evidently  produces  a  hydration  of  the  cellulose  molecule  with  a 
consequent  breaking  down  of  ita  organic  structure.  Tannic  acid  reacts 
in  a  special  manner  with  cotton;  solutions  of  this  acid  do  not  produce 
a  weak^iing  effect  on  the  fiber,  though  the  acid  is  absorbed  by  the 
cellulose  apparently  with  some  degree  of  chemical  combination.  This 
reaction  is  the  basis  of  mordanting  cotton  for  the  dyeing  of  basic  colors. 
Tungstic  acid  exhibits  a  similar  reactivity  toward  cotton. 

Dilute  solutions  of  alkalies,  imder  ordinary  conditions,  have  no  harm- 
ful effect  on  cotton  even  at  a  boiling  temperature,  consequently  such 
solutions  are  universally  employed  for  the  cleansing  or  scouring  of  cotton 
And  cotton  goods  in  general.  A  concentrated  solution  (40  to  60°  Tw.) 
of  caustic  soda  has  a  remarkable  effect  on  ootton.  The  cellulose  appar- 
ently combines  with  the  alkali,  the  fiber  swells  up,  losii^  its  flat  ribbon- 
like appearance  to  become  tubular  and  semi-transparent.  This  process 
Is  the  basis  of  the  modem  method  of  mercerizing.  The  product  of  com- 
bination between  cotton  and  caustic  soda  is  known  as  dlkali-celluloae; 
it  is  easily  decomposed  by  treatment  with  water,  giving  a  product  known 
as  kydrcUed  cellulose,  which  is  the  final  form  of  mercerized  cotton.  Alkali- 
cellulose  is  soluble  in  carbon  disulphide,  forming  a  thick  viscous  solution 
of  cellulose  xanthate  known  as  nscose.  This  latter  substance  has  various 
industrial  applications,  such  as  the  preparation  of  artificial  silk,  paper 
sizing,  transparent  films,  etc.  Cotton  is  unlike  wool  in  its  reactivity 
toward  solutions  of  metallic  salts;  whereas  the  latter  readily  absorbs 
and  combines  with  various  metallic  salts,  cotton  is  especially  inert  in  this 
respect.    On  this  account  cotton -cannot  be  mordanted  in  the  same  manner 
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as  wool.  With  oxidizing  agents  such  as  chlorine  potassium  permaDganate, 
and  chromic  acid,  cotton  is  readily  converted  into  oxycdlulose,  a  brittle 
friable  eubatance.  On  this  account  care  must  be  exercised  in  the  bleachi'ng 
of -cotton  with  chloride  of  lime  to-prevent  the  too  vigorous  action  of  chlorine 
on  the  fiber.  Cotton  can  withstand  a  much  higher  temperature  than  wool 
without  decomposition,  though  when  subjected  to  a  heat  of  over  160° 
C.  the  fiber  suffers  structural  decomposition. 

Bleaching  <rf  Cotton.  On  account  of  the  nature  and  the  small  amount 
of  impurities  present  in  the  raw  fiber,  cotton  does  not  require  a  previous 
■scouring  operation  to  fit  it  for  manufacturing  processes.  Previous  to 
dyeing,  however,  cotton  "must  be  scoured  or  "  wetK>ut "  for  the  purpose 
of  removing  the  waxy  coating  so  that  the  fiber  may  be  able  to  easUy  absorb 
the  dye  solutions.  This  is  accomplished  by  boiling  the  material  in  a 
weak  solution  of  caustic  soda,  soda  ash,  soap,  or  Turkey-red  oil.  The 
use  of  enzymic  bodies  like  diastase  is  also  recommended  for  this  purpose 
as  these  readily  solubiUze  the  pictin  and  waxy  matters  on  the  fiber.  When 
cotton  is  to  be  bleached,  not  only  the  waxy  coating  must  be  removed  to 
permit  of  wetting-out,  but  as  f ar  aa  possible  all  of  the  impurities  on  the 
fiber  must  be  removed.  This  process  i&  termed  "  boilii^-out,"  which  is 
usually  accomplished  in  the  circulating  kier,  Fig.  358.  Cotton  may 
be  bleached  in  any  form  of  its  manufacture.  It  is  occasionally  bleached 
in  the  loose  state  before  spinning,  in  which  case  special  machines  are 
employed  which  allow  of  the  bleaching  liquors  being  circulated  through 
the  cotton  without  motion  of  the  fibers,  so  as  to  avoid  matting  and  injury 
to  the  latter.  Instead  of  boiling-out  with  alkalies,  cold  water  is  circulated 
through  the  cotton  under  pressure,  which  has  the  effect  of  removing  the 
majority  of  impurities  on  the  fiber  without  materially  dissolving  the 
cotton-wax.  Cold  bleaching  liquors,  wash  waters,  acid  solutions,  etc., 
are  then  circulated  in  the  same  manner.  The  result  is  a  bleached  cotton 
which  still  retains  considerable  wax,  so  the  spinning  qualities  of  the  fiber 
are  not  materially  injured.  If  loose  cotton  is  thoroughly  boi)ed-out  and 
bleached  in  the  usual  manner,  the  fiber  will  be  harsh  and  will  not  spin 
well.  Cotton  waste  and  Imters  are  also  bleached  largely  in  the  loose  state 
for  the  preparation  of  absorbent  cotton.  In  this  case,  as  it  is  not  necessary 
to  retain  the  spinning  qualities  but  to  make  the  fiber  as  pure  and  as  absorb- 
ent as  possible,  a  very  thoroi^  boilmg  out  with  caustic  soda  U  given 
before  the  bleacbii^. 

Cotton  yam  is  very  extensively  bleached,  both  for  white  goods  and 
as  a  preparation  for  the  dyeing  of  delicate  shades.  The  yam  in  the 
form  of  skeins  is  usually  bundled  together  and  systematically  packed 
into  a  closed  iron  kier.  The  latter  b  so  constructed  as  to  permit  of  the 
circulation  of  a  boiling  alkaline  solution  under  pressure  (5  to  10  lbs), 
through  the  yam.  The  boiling-out  solution  usually  consists  of  a  mixture 
of  caustic  soda  and  soda  ash.  Sometimes  so-called  "  bleaching  assistants  " 
are  used;  these  mostly  consist  of  soda  ash  mixed  with  a  small  amount 
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of  caustic  soda  and   aodium  silicate.     For  the  proper  boiling-out  of  the 
yarn  it  ia  essential  that  the  liquor  be  circulated  evenly  and  thoroughly 
through  the  goods.     The  amount  of  alkali  employed  ia  about  2  to  3  per 
cent  on  the  weight  of  the  yam,  and  the  time  of  boiling  varies  from  one 
and  one-half  to  eight  hours,  depending  on  the  kier  employed  and  the 
pressure.     Overboiling  by  the  use  of  too  much  alkali  or  too  prolonged 
a  treatment  will  render  the  yam  harsh  and  brittle  and  also  cause  yellow 
stains.     The  presence  of   air  in  contact  with  the  superheated  yam  in 
the  kier  will  also  cause  oxidation  resulting  in  weak  places  and  stains. 
After  the  yam  has  been  boiled-out    it   is  washed  with  fresh  water, 
usually  in  the  same  kier,  and  then 
worked    in  a  cold  dilute  solution  of 
chloride    of  lime   (bleaching  powder 
or  chemic)  at  14  to  2°  Tw.     For  this 
purpose  the   yam  is  either  hung   in 
sticks  and  steeped  in  thechemic  solution 
in  ordinary  dye-house  vats,  or  better 
yet  it  is  placed  in  a  machine  (Fig.  359) 
where  it  may  be  automatically  worked 
in  the  solution.     The  treatment  with 
the  bleachii^  liquor  usually  lasts  from 
three-quarters  to  one  hour.     The  yam 
b  then  rinsed  in  fresh  water  and  next 
soured  by  treatment  with  a  cold  solu- 
tion of  sulphuric  acid  at  about  1°  Tw.; 
hydrochloric  acid  may  also  be  used. 
The  acid  treatment  is  for  the  purpose 
of  decomposing  the  lime  compounds 

n     ^i,a     r.-     1  <■     I  ■    f    u  -I-         retained  by  the  fiber.      Where    sul- 
Fia.  358. — Circulating  kier  for  boiling-  .  /.  ,       ,  . 

out  of  cotton.    Jetferaon  type.  Ph»u-»c  acid  is  used  calcium  sulphate  is 

fomied,   which  is  easily  removed   in 
the  subsequent  washing.    Hypochiorous  acid  and  free  chlorine  are  also 
liberated  in  the   fiiber  which  furthers  the  first  bleaching  action  of   the 
chloride  of  Ume  solution.     This  is 
evidenced    by    the  fact    that  the 
cotton  becomes   much    whiter   in    - 
appearance  when  treated  with  the 
acid;  also  the  presence  of  chlorine 
is  to  be  noted  from  its  pungent  odor. 
When  hydrochloric  acid  ia  used  for 
the  souring,  the  very  soluble  calcium 

chloride  is  formed  which  is  very     pio.  359.— Machine  for  bleachii«  cotton 
easily  removed  from  the  cotton  by  skein  yams, 

washing;    otherwise  the  action  of 
the  acid   is   the  same.    After  the  acid    treatment,  it  is  necessary  to 
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pve  the  cotton  a  very  thorough  washiog  to  remove  as  completely  as 
possible  the  residual  acid  liquor  acd  the  lime  compounds  from  the 
fiber.  If  this  ia  not  done  the  yam  will  be  harsh  and  tender  after 
drying.  The  washing  should  be  continued  until  the  yam  shows  no 
indication  of  acid  when  te8t«d  with  blue  litmus  paper.  Finally  the 
yam  is  treated  in  a  dilute  lukewarm  solution  of  soap  or  other  suitable 
finishing  compound,  and  if  a  bluish  tone  of  white  is  desirable  a  suitable 
bluish-violet  coloring  matter  is  added  for  tinting  purposes.  The  bleach- 
ing process  with  chloride  of  lime  is  an  oxidation  process;  the  chlorine 
itself,  which  is  the  active  constituent  of  the  bleaching  powder,  does  not 
directly  destroy  the  coloring-matter  in  the  fiber.  In  the  presence  of 
water,  however,  the  chlorine  liberated  in  a  nascent  condition  from  the 
chloride  of  time  reacts  with  the  formation  of  oxygen,  and  it  is  the  latter 
which  acts  on  the  coloring  matter. 

Skein  yam  may  also  be  bleached  by  beii^  linked  together  in  the  form 
of  a  long  chain  and  run  continuously  through  machines  provided  with 
squeeze  rollers.  Yam  in  the  form  of  prepared  warps  may  also  be  bleached 
in  a  similar  manner.  There  are  also  special  machines  for  the  bleaching 
of  cotton  stubbing  and  yam  in  the  form  of  cops  and  tubes,  the  yam  or 
slubbing  being  wound  on  perforated  tubes  and  so  arrai^ed  on  the  machine 
that  the  bleaching  liquors  are  forced  throi^  the  cotton  either  by  means 
of  vacuum  suction  or  pumps. 

Cloth  bleaching  is  the  principal  method,  however,  for  the  bleaching 
of  cotton.  There  are  several  methods  of  carrying  out  this  form  of  bleach- 
ing depending  on  the  ultimate  use  to  which  the  goods  are  to  be  put. 
When  the  cloth  is  destined  to  be  sold  as  white  muslin  the  process  is  known 
as  the  market  bleach;  when  the  cloth  is  subsequently  to  be  dyed  with 
alizarin  colors  (especially  red),  a  so-called  Turixy-red  or  bottom  bleach 
is  given;  whereas  cloth  intended  for  printing  is  given  the  madder  bleach. 
These  names  are  quite  old  in  their  appUcation  and  are  falling  into  disuse 
as  characterbtic  terms.  In  bleaching  for  white  goods  for  the  market  it 
is  desirable  to  obtain  a  clear  white  color  with  a  bluish  tint,  and  the  appear- 
ance of  the  goods  also  depends  to  a  considerable  d^ree  on  the  finishing 
processes  given  the  cloth  after  bleaching.  The  Turkey-red  bleach  is 
only  for  the  purpose  of  providing  a  white  bottom  for  dyed  colors  so  that 
the  latter  will  appear  bright  and  clear.  The  bleaching  required  of  print 
cloth  is  by  far  the  most  complete  and  thorough,  as  it  is  necessary  to 
remove  all  impurities  from  the  goods  so  as  to  leave  the  cotton  not  only 
white  in  color  but  also  in  the  form  of  chemically  pure  cellulose  so  that  the 
printing  colors  may  be  properly  applied.  A  general  outline  of  the  various 
processes  in  this  method  of  bleaching  is  as  follows; 

Marking.  The  cotton  pieces  as  they  come  from  the  loom  are  stitched 
together  and  marked  with  a  special  ink  capable  of  resisting  the  bleaching 
operations  so  they  may  be  subsequently  identified. 

Singeing.    The  cloth  is  passed  n^idly  through  a  aeries  of  gas  jets  so 
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as  to  bum  ofF  the  loose  fibers  and  lint  from  the  surface.  The  singeing 
may  be  done  on  one  side  only  or  on  both  sides  as  required.  Instead  of 
being  passed  through  gas  jets  the  cloth  may  be  passed  over  curved  copper 
plates  heated  to  redness,  or  over  a  heated  revolving  copper  roller.  Singed 
cloth  gives  a  clear  eveiT  surface  so  that  fine  and  delicate  patterns  may  be 
sharply  and  clearly  printed. 

Gray  Waah.  This  is  a  preliminary  wetting  out  in  water  and  has  for 
its  purpose  the  removal  of  much  of  the  external  dirt  as  well  as  the  soften- 
ing and  removal  of  much  of  the  sizing  used  on  the  warp  yams  in  weaving 
the  cloth.     This  operation  ia  frequently  omitted. 

Boiling-oui.  This  is  a  similar  operation  to  the  boiling-out  of  cotton 
yam.  It  is  usu^ly  conducted  in  large  closed  iron  kiers,  Fig.  358,  provided 
with  a  suitable  mechanism  for  the  circulation  of  t^e  bquor  through  the 
goods.  The  boiling  ia  usually  conducted  under  pressure  (from  10  to  80 
lbs.)  for  from  six  to  eight  hours.  It  was  formerly  the  custom  to  give  a  first 
boiling  with  milk  of  lime  Qime  boil).  The  goods  were  passed  through  a 
solution  of  milk  of  lime  and  without  squeezing  were  packed  into  the  kier; 
sufficient  water  was  next  introduced  and  the  kier  boiled  with  superheated 
steam.  The  lime  boil  was  considered  necessary  to  decompose  the  fatty 
matters  in  the  cotton  with  the  formation  of  a  lime  soap,  and  also  to  convert 
the  starch  (or  other  dressing  materials  on  the  cloth)  into  a  soluble  form. 
Of  late  years,  however,  the  Ume  boil  is  being  dispensed  with  as  a  preliminary 
operation,  and  the  boiling  out  b  done  in  one  operation  with  caustic  eoda. 
When  the  lime  boil  is  used  It  is  necessary  to  give  a  thorough  washii^  to 
the  goods  and  then  to  pass  them  through  a  weak  bath  of  sulphuric  acid 
(1°  Tw.)  known  as  the  gray  emir.  This  is  for  the  purpose  of  dissolving  out 
the  lime  compound  in  the  fiber  as  well  as  any  iron  stains  which  may 
have  formed  in  the  kier.  After  the  acid  treatment  another  thorough 
washing  process  is  required.  After  the  gray  sour  the  goods  are  given  a 
second  boiling  in  the  kier  with  caustic  soda;  generally  mbctures  of  caustic 
soda,  soda  ash,  and  rosin  soap  are  employed,  and  from  two  to  three  boilings 
are  gjven.  These  boilings  remove  all  of  the  waxy  and  fatty  matters 
and  most  of  the  pectin  compounds  in  the  fiber.  The  use  of  rosin  was  once 
considered  essential  to  the  perfect  scouring  of  cotton  for  purposes  of 
print-cloth.  At  the  present  time,  however,  the  tendency  is  to  omit  the 
Tosin  boil;  in  fact,  the  boiling-out  is  reduced  to  the  single  operation 
of  treating  in  the  kier  with  caustic  soda  solution. 

Washing.  After  the  boiling-out,  in  whatever  manner  it  may  be  con- 
ducted, the  goods  are  very  thoroughly  washed  In  order  to  remove  as  far 
as  possible  all  of  the  decomposed  impurities  and  residual  alkali.  The 
washing  is  conducted  in  special  forms  of  washing  machines  and  well 
flushed  with  fresh  water.  1 

Chemicking.  This  is  the  general  term  given  to  the  treatment  with 
the  solution  of  bleaching  powder.  The  strength  of  the  solution  employed 
is  usually  1^  to  2°  Tw.,  and  the  liquor  should  be  clear  and   free  from 
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undissolved  particles  or  sediment.  The  damp  cloth  is  saturated  with  this 
chemic  solution,  passed  through  squeeze  rolls,  and  then  piled  up  and  left 
exposed  to  the  air  for  some  hours.  This  allows  the  carbonic  acid  of  the 
Eur  to  react  with  the  bleach  liquor  with  the  formation  of  free  hypochlorous 
acid,  which  destroys  the  coloring  matter  present  through  its  strong  oxidiz- 
ing action.  Care  must  be  had  not  to  allow  the  oxidizing  action  to  proceed 
too  far  or  the  cotton  fiber  itself  will  be  attacked  and  weakened  by  the  for- 
mation of  oxycellulose.  In  some  methods  of  bleaching,  instead  of  expos- 
ing the  cloth  to  the  action  of  the  air,  it  is  steeped  in  the  solution  of 
bleaching  powder  for  some  hours,  or  the  cloth  is  packed  in  suitable  kiers 
aud  the  chemic  solution  is  circulated  through  it  by  means  of  pumps. 

Svwring.  After  treatment  with  the  chranie  solution  the  cloth  conttuns 
a  considerable  amount  of  lime  compounds  and  undecomposed  chlorine 
derivatives.  The  souring,  or  treatment  with  a  dilute  solution  of  sulphuric 
acid  1"  TV.,  is  for  the  purpose  of  removing  or  decomposing  these  com- 
pounds. The  cotton  also  bectunes  much  whiter  in  color  after  the  treat- 
ment with  acid,  hence  this  process  b  known  as  the  white  wta-  (in 
c<mtradistinction  to  the  gray  sour  when  a  lime  boil  is  used).  Instead 
of  using  sulphuric  acid  for  sourii^,  hydrochloric  acid  is  sometimes 
employed,  as  the  lime  salt  with  this  latter  acid  is  much  more  soluble; 
hence  much  ea^er  to  remove  from  the  fiber.  After  souring  a  very  thorough 
washing  must  be  given  the  cloth  in  order  to  remove  all  salts  and  acid 
residue. 

Finishing.  The  final  <q)eration  in  bleachmg  cotton  cloth  is  to  give 
it  a  finish  suitable  to  the  use  for  which  it  may  be  intended.  In  ^e  case 
of  a  market  bleach,  the  cloth  must  be  tinted  to  a  proper  tone  of  bluish 
white  and  also  be  starched  and  calendered  to  give  it  a'smoothand  polished 
surface.  Cloth  intended  for  dyeing,  of  course,  is  not  tinted,  and  receives 
its  special  finish  after  it  is  dyed.  Print-cloth  is  also  not  tinted,  and  it 
is  finished  in  the  printing  operation. 

Modem  practice  tends  to  simplify  the  operations  of  bleaching;  instead 
of  first  boiling  with  time,  then  giving  a  gray  sour  and  a  second  boilii^ 
with  soda  ash  and  resin  soap,  a  single  boil  with  caustic  soda  is  given  in  a 
pressure  kier  for  t«n  to  twelve  hours. 

Of  late  years  a  number  of  bleaching  processes  have  been  brou^t 
forward  with  the  object  of  making  the  process  shorter  and  more  automatic. 
Special  forms  of  kiers  have  been  devised  where  the  cloth  is  treated  to  all 
the  operations  with  a  minimum  degree  of  handling.  One  such  method 
which  is  being  largely  used  is  the  so-called  Mather-Thomson  Process, 
which  uses  an  improved  form  of  apparatus.  In  place  of  usii^  solutions 
of  chloride  of  lime,  the  chemic  is  sometimes  prepared  by  the  electrolysis 
of  a  solution  of  common  salt.  This  furnishes  a  hypochlorite  of  sodium,  but 
the  bleaching  efficiency  is  said  to  be  somewhat  greater  than  a  correspond- 
ing amount  of  bleaching  powder  solution.  A  similar  solution  can  be 
prepared  more  economically  and  satisfactorily  by  the  use  of  Uquid  chlorine. 
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This  product  is  now  largely  employed  in  coDnectioD  with  soda  ash  or 
caustic  soda,  and  most  of  the  large  bleacheries  in  America  have  adopted 
this  method  of  preparing  chemic  for  bleaching. 

Lineo.  This  is  next  to  cotton  in  importance  as  a  vegetable  textile 
fiber.  It  is  obtained  from  the  bast  of  the  fiax  plant,  Linum  umtaiissimum, 
and  differs  considerably  from  cotton  in  its  structure  and  appearance. 
The  flax  plant  is  grown  lai^ly  for  its  fiber  in  Europe,  Ireland  and  Russia 
being  the  chief  producers.  Though  also  grown  extensively  in  other  parts 
of  the  world,  it  is  cultivated  principally  for  its  seed,  which  ultimately 
furnishes  linseed  oil.  In  preparing  the  fiber  the  entire  plant  is  taken  and 
put  through  a  rippling  machine  for  the  purpose  of  removing  the  leaves, 
seeds,  etc.  The  cleaned  stalks  are  then  subjected  to  a  process  known  as 
retting  for  the  purpose  of  decomposing  the  woody  tissue  and  dissolvii^ 
the  resinous  and  gummy  matters  so  that  the  free  fiber  may  be  obtained. 
Retting  is  essentially  a  fermentation  process,  and  a  number  of  different 
methods  are  employed.  The  two  chief  methods  are:  (1)  steeping  in  stag- 
nant water.  The  fiax  straw  is  tied  into  convenient  bundles  and  laid  down 
in  pools  of  soft  water.  Fermentation  rapidly  sets  in,  and  when  the  woody 
tissue  has  been  decomposed,  but  before  the  fiber  itself  is  attacked, 
the  bundles  are  removed  and  spread  out  on  the  grass  for  a  number  of  days, 
where  they  may  be  exposed  to  the  combined  action  of  sunlight  and  air. 
The  pulpy  stalks  are  then  passed  through  special  breaking  and  scutch- 
ing machines  for  the  purpose  of  breaking-up  and  removing  the  decomposed 
matters  and  leaving  the  fiber  free  and  clean.  Flax  produced  in  this  manner 
has  a  rather  dark  grayish-brown  color,  as  the  coloring  matters  formed 
during  the  retting  process  are  not  removed.  The  majority  of  the  Irish 
fiax  and  some  of  the  Russian  flax  is  retted  in  this  manner.  (2)  Steeping 
in  fresh  running  water  (in  streams)  is  another  method  of  retting  by  which 
most  of  the  French  and  Belgium  fiax  is  made.  The  bundles  of  fiax  straw 
are  submei^ed  in  the  streams  by  means  of  crates.  The  fermentation 
proceeds  more  slowly  tiian  by  the  first  method,  but  the  coloring  matters 
are  removed  by  the  running  water,  so  the  final  product  is  much  lighter  in 
color,  and  the  fiber  is  of  a  superior  quality.  Flax  may  also  be  retted  by 
exposing  the  stalks  for  a  number  of  weeks  to  the  action  of  dew.  ITiere 
have  also  been  a  number  of  "  improved  "  chemical  methods  proposed  for 
the  retting  of  fiax,  chiefly  with  the  purpose  of 
hastening  the  fermentation  and  obtaining  a 
brighter  and  clearer  fiber,  but  none  of  these  have 
proved  to  be,  of  any  value. 

The  linen  fiber  as  it  appears  in  trade  is  in  the 
form  of  long,  rather  coarse,  filaments  of  a  silver  or 
brownish  color.  These  fibers  consist  of  a  number 
of  comparatively  small  elongated  cells  cemented 
t<^ther  by  a  glutinous  intercellular  substance. 
Fio.  300.— Linen  Fiber.     T*>®  individual  fiber  cells  are  about    1  to  2  ins. 
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ID  length  and  from  12  to  25  ^ '  in  diameter.  The  fiber  is  cylindrical  with 
thick  cell-walls  and  a  narrow  internal  canal.  Under  the  microscope  the 
fiber  shows  the  presence  of  peculiar  cross-marks  resembling  joints  or  dis- 
locations (see  Fig.  360). 

In  its  chemical  properties  linen  is  very  similar  to  cotton,  but  its  cel- 
lulose is  leas  pure  owing  to  the  interceUular  substances  present.  The 
following  is  an  average  analysis  showing  the  composition  ofUnen: 

Water 8.65-10.70% 

Aqueous  extract 3.65-  6.02 

Fatty  and  waxy  matters 2.39-2,37 

Intercellular  matters 2 .  74-  9 .  41 

Cellulose 82.57-71.50 

Ash  (mineral  matter) 0.70-  1.32 

Linen  is  bleached  in  the  same  general  manner  as  cotton,  but  as  the 
fibers  are  more  or  less  disintegrated  into  the  individual  cells  by  the  bleach- 
ing process,  fully  bleached  linen  is  much  weaker  than  raw  Unen.  On 
this  account,  linen  is  generally  only  partially  bleached.  In  its  general 
characteristics  Unen  is  stronger  than  cotton  but  less  elastic;  it  is  a  better 
conductor  of  heat,  hence  Unen  garmenta  are  colder  than  those  of  cotton. 
Linen  also  has  a  higher  degree  of  luster  than  cotton. 

Jnte.  This  fiber  is  without  doubt  next  in  commercial  and  technical 
importance  to  linen.  It  is  also  a  bast  fiber  obtained  from  the  sticks  of 
CorchoruB  capsidaris,  or  Jew's  mallow,  growing  in  tropical  and  sub- 
tropical countries.  The  majority  of  the  jute  of  commerce  comes  from 
India  and  the  East-Indian  Islands.  The  fiber  is  prepared  from  the  stalks 
by  a  simple  retting  in  water,  the  fiber  separating  rather  readily  from  the 
other  tissues.  As  it  appears  in  trade  the  fiber  is  from  4  to  7  ft.  in  length, 
usually  of  a  yellowish-brown  color,  though  some  qualities  are  of  a  silver- 
gray  color.  It  has  considerable  luster  and  a  high  tensile  strength.  The 
cell-elements  of  the  jute  fiber  are  rather  small,  being  about  1.5  to  5  mm.  in 
length  and  20  to  25  |ji  in  diameter.  The  fiber  is  composed  of  a  rather  large 
number  of  these  cell-elements  cemented  together.  A  cross-section  of  the 
fiber  shows  these  cells  to  have  a  polygonal  outline.  The  microscopic 
appearance  of  the  jute  fiber  differs  from  that  of  linen  in  not  exhibiting  the 
peculiar  jointed  ridges  running  across  the  fiber. 

In  its  chemical  composition  and  properties,  jute  difTers  essentially 
from  the  other  vegetable  fibers.  Instead  of  beii^  composed  of  relatively 
pure  cellulose  it  appears  to  consist  almost  altogether  of  a  modified  form 
of  cellulose  known  as  ligno-cellulose  or  bastose.  This  is  shown  by  the 
fact  that  the  jute  fiber  gives  a  yellow  coloration  when  tested  with  iodin- 
sulphuric  acid  reagents,  whereas  ordinary  cellulose  gives  a  blue  color. 
Owing  to  its  different  chemical  composition,  jute  behaves  quite  differently 
'  The  expression  u  indicates  the  thousandth  of  a  miUimeter  (O.OOI  lain.).  It  ia  a 
unit  extensively  employed  fgi  microscopic  d 
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with  the  various  classes  of  dyestuffs,  as  it  combines  directly  with  both  acid 
and  basic  dyes,  whereas  cotton  and  linen  pequire  mordants  for  these  colors. 

Jute  is  extensively  employed  for  the  manufacture  of  sacks  and  bags, 
for  the  backii^  of  carpets  and  rugs,  for  small  coverings,  draperies,  etc. 

The  Minor  Vegetable  Fibers.  There  are  a  number  of  vegetable  fibers 
which  are  largely  used  for  the  manufacture  of  cordage,  mats,  etc.,  and 
which  can  scfu-cely  be  termed  textile  fibers  in  the  sense  of  being  utilized 
for  woven  fabrics.  Hemp  and  sisal  are  the  principal  fibers  used  for  cordage. 
The  former  is  a  general  name  for  a  large  number  of  commercial  fibers  of 
similar  physical  appearance  and  properties,  and  obtained  from  a  num- 
ber of  different  plants.  Siaal  is  a  fiber  obtained  from  the  leaf  tissues  of 
the  agave  and  other  ramilar  plantfi.  Ramie  or  China-grass  is  a  bast  fiber 
obtfuned  from  species  of  the  nettle  plant.  It  is  a  fine  white  and  very 
strong  fiber  which  would  be  very  valuable  conomercially  except  for  the 
diflficulty  with  which  it  is  obtained  from  the  plant  and  from  the  fact  that 
the  surface  of  the  fiber  is  so  smooth  that  it  lacks  cohesion  in  spinning. 

Artifidal  Silk.  This  is  a  fiber  which  is  attfuning  considerable  com- 
mercial value.  It  is  .a  cellulose  fiber  artificially  prepared  from  suitable 
solutions  of  cellulose  by  forcmg  the  liquid  through  fine  oiifices  and  coagulat- 
ii^  the  cellulose  as  it  emerges  in  the  form  of  a  delicate  thread.  There  are 
a  number  of  methods  at  present  used  for  the  production  of  this  fiber,  among 
which  the  following  are  the  most  important:  (1)  Pyroxylin  or  Chardonnet 
silk  prepared  from  a  solution  of  gimcotton  in  a  mixture  of  alcohol  and 
ether;  as  the  thread  is  formed  the  solvent  is  evaporated  and  the  nitrated 
cellulose  becomes  cof^ulated  into  a  continuous  filament.  This  thread 
is  subsequently  denitrated  by  treatment  with  solutions  of  nitric  acid, 
ferric  chloride,  and  ammonium  phosphate.  (2)  Cupra-ammonium  silk 
is  prepared  from  solutions  of  cellulose  in  the  copper-ammonium  hydrate 
solvent  known  as  Schweitzer's  reagent.  The  thread  is  coagulated  and 
the  metallic  salts  removed  by  a  treatment  with  a  solution  of  sulphuric 
acid.  (3)  Viscose  silk  is  prepared  fnun  a  solution  of  viscose  or  cellulose 
thiocarbonate,  the  thread  being  coagulated  by  passing  through  a  solution 
of  ammonium  sulphate,  and  subsequently  washed  very  thoroughly  to 
remove  the  sulphur  compounds  that  are  formed  in  the  decomposition 
of  the  viscose.  These  artificial  silks  resemble  true  silk  very  closely  in 
general  appearance,  possessing  even  a  higher  luster  than  the  latter.  The 
fiber,  however,  is  more  wiry  and  harsh  in  nature,  and  its  strength  and 
durability  is  considerably  below  that  of  true  silk.  The  strength  of  arti- 
ficial silk  is  also  greatly  lessened  when  wetted  with  water.  This  fiber, 
however,  has  a  large  use  in  the  manufacture  of  braids,  dress  trimmings, 
passementerie,  and  ornamental  fabrics  of  various  kinds  where  a  high  luster 
is  especially  desirable.    Artificial  silk  is  dyed  in  the  same  manner  as  cotton. 

Yams  for  textile  purposes  have  also  been  prepared  frcon  paper  pulp, 
the  general  process  being  to  cut  the  thin  sheet  paper  pulp  into  narrow 
stripe,  and  then  twisting  these  into  yams.  Such  products  are  Silvaline 
and  Textiloee  yams  and  fabrics. 
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Textile  Coloring.  Textile  coloring  may  be  defined  as  the  process 
or  combination  of  processes  used  to  fix  a  color  or  colors  uniformly,  and  more 
or  less  permanently,  upon  textile  material.  It  includes  both  dyeing  and 
printing. 

Dyeing.  The  term  dyeii^  is  sometimee  given  almost  as  broad  an 
interpretation  as  textile  colorii^,  but  to  be  specific,  it  should  include  only 
those  processes  in  which  the  entire  body  of  the  material  being  colored  is 
immersed  in  the  coloring  bath,  a  greater  or  less  period  of  the  time 
required  for  the  coloring. 

Textile  Printing.  Textile  printing  is  a  process  by  means  of  which 
the  coloring  matters  applied  may  be  confined,  by  use  of  a  printing  machine, 
to  certun  portions  of  the  material,  thus  producing  a  definite  colored 
design.  The  necessary  dyestuffs  and  chemicals  are  made  into  a  paste, 
with  starch,  dextrine,  and  various  gums,  and  applied  to  the  cloth  by  means 
of  copper  rollers,  one  for  each  color,  the  cloth  being  finally  subjected  to 
special  aging  and  drying  processes.  By  this  method  it  is  possible  to 
produce  prints  contfunipg  ten  or  more  different  colors. 

By  combined  dyeii^  and  printing  many  different  and  pleasing  effects 
may  be  produced. 

Staining.  Staining  is  the  term  often  applied  to  the  process  of  coloring 
such  materials  as  wood,  bone,  and  ivory,  and  the  coloring  matter  in  this 
case  is  ordinarily  applied  with  a  brush. 

The  terms  staining  and  dyeing  are  both  applied  to  the  coloring  of 
leather,  straw,  paper,  and  feathers,  their  respective  use  depending  some- 
what upon  the  process  used,  but  in  most  cases  the  term  dyeing  is  more 
accurate. 

Compounds  Used  by  the  Textile  Colorist  The  chemical  compounds 
used  by  the  textile  colorist  may  be  divided  into  two  classes: 

(1)  Those  which  possess  no  coloring  power,  but  which  are  inatni^ 

mental  in  the  fixation  or  development  of  coloring  matters 
upon  the  fiber. 

(2)  Those  which  are  true  coloring  matters. 
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First  Class.  Compounds  Instrumental  in  the  Fixation  of  Coloring 
Matters  upon  the  Fiber,  although  Possessing  no  Coloring  Power  Them- 
selves. The  compounds  included  under  this  heading  are  frequently  epoken 
of  as  fixing  agents,  but  when  used  in  this  broad  and  indefinite  sense,  the 
term  frequently  leads  to  confusion  rather  than  to  enlightenment.  In 
order  to  eliminate  thb  confusion  as  far  as  possible,  we  will  classify  the 
most  important  compounds  comiuK  under  this  class  as  follows : 

(1)  Mordants:    (a)  Metallic.    (&)  Non-metaUic.    (c)  Acid. 

(2)  Mordanting  assistants. 

(3)  Chemical  fixing  agents. 

(4)  Mechanical  fixii^  agents. 

(5)  Developing  agents. 

(6)  Leveling  agents. 

(7)  Dyeing  assistants. 

Mordants.  Mordante  in  general  may  be  defined  as  substances  capable 
of  uniting  with  certain  dyeatuffs  to  form  insoluble  colored  compounds 
which  under  the  proper  conditions  may  be  more  or  less  permanently  fixed 
upon  textile  material.  They  may  be  subdivided  as  metallic,  norir-metaliic, 
and  add  mordanie. 

Metallic  Mordards.  Metallic  mordants  are  substances,  usually  metallic 
oxides  or  hydroxides,  which  are  capable  of  unitii^  with  certain  dyestuffs, 
known  as  mordant  dyestuffs,  to  form  insoluble  colored  compounds  which 
for  the  most  part  are  known  as  cdor  lakes. 

Non-metallic  Mordants.  The  only  non-metallic  mordant  of  impor- 
tance, and  this  of  only  minor  importance,  is  sulphur.  Sulphur  is  sometimes 
used  as  a  mordant  when  applying  certain  basic  colors,  e.g.,  malachite 
green  upon  wool. 

Acid  Mordants.  Tannic  acid  and  various  substances  rich  in  this 
acid,  such  as  sumac,  gall  nuts,  and  various  bark  extracts,  and  less  frequently 
various  fatty  acids,  such  as  oleic  and  stearic  acids,  and  Turkey  red  oil, 
are  the  only  acid  mordants  of  importance.  Of  these  acid  mordants  tannic 
acid  and  its  related  compounds  are  the  only  ones  commonly  used,  and 
these  chiefly  in  the  application  of  the  basic  colors  to  cotton  material. 
The  acid  mordants  are  of  minor  importance  as  compared  with  the  metallic 
mordants. 

Mordanting  Principles.  As  often  applied,  the  term  "  mordant " 
indicates  the  soluble  metallic  salt  used  to  produce  the  mordant,  but  in 
the  proper  sense  the  mordant  is  that  substance,  which  in  direct  combi- 
nation with  the  dyestuffs,  forms  the  color  lake.  In  order  to  avoid  this 
confusion,  we  will  designate  the  compound  used  to  produce  the  mordant 
as  the  mordanting  principle.  Thus  in  one  of  the  most  common  wool 
mordanting  processes  the  soluble  potassium  dichromate  is  the  mordanting 
principle,  but  the  insoluble  chromium  chromate  and  chromium  hydrate 
ultimately  fixed  upon  and  within  the  fiber  constitute  the  true  mordant. 
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Mordanting  Assistants.  Mordantiog  aaBistanta  axe  compounds  such 
as  tartar,  lactic  acid,  oxalic  acid,  and  sulphuric  acid  used  in  conjunction 
with  the  mordanting  principles  to  bring  about  a  gradual  decomposition  of 
the  latter,  and  assist  in  producing  a  uniform  deposition  of  the  actual 
mordant  upon  and  within  the  textile  material. 

Mordanting  Process.  The  mordanting  process  is  the  operation 
whereby  various  mordants  are  precipitated  and  so  deposited  upon  textile 
material  that  they  may  be  subsequently  united  with  mordant  dyestuffs 
in  situ  to  form  insoluble  color  lakea.  Through  the  combined  mordanting 
and  dyeing  processes  these  color  lakes  become  fixed  upon  the  textile 
material,  thus  imparting  to  it  a  permanent  color.  Occasionally,  in  special 
cases,  the  dyestuffs  may  be  applied  at  the  same  time  or  even  previous  to 
the  mordant. 

Chemical  Fixing  Agents.  Under  the  heading  of  chemical  fixing  agents 
we  will  include: 

First.  Those  substances  which  are  instrumental  in  the  fixation  of 
various  mordants  upon  textile  material  by  uniting  chemically  with  such 
mordants  and  holding  them  upon  the  fiber  untU  the  proper  dyeatuffs  may 
be  given  an  opportunity  to  unite  with  them.  Examples:  The  various 
antimony  compounds  used  to  fix  tannic  acid  upon  cotton  fiber.  Various 
tannin  compounds  used  to  hold  iron  upon  the  fiber  as  the  insoluble  tannate 
of  iron  when  the  latter  is  to  act  as  a  mordant  with  logwood  or  other 
mordant  dyestuffs. 

Second.  Those  substances  which  cause  the  actual  precipitation  of 
the  mordant  usually  by  the  double  decomposition  of  the  mordanting 
principle.  Example:  When  cotton  material  saturated  with  nitrate  of 
iron  is  passed  through  a  solution  of  sodium  carbonate,  the  basic  carbonate 
and  hydrate  of  iron  are  precipitated  upon  the  fiber,  and  sufficiently  fixed 
thereon  to  act  as  a  mordant. 

Mechanical  Fixing  Agents.  These  are  substances  (such  as  albumen) 
capable  of  holding  pigments,  permanently,  upon  the  fiber,  or  certain 
gums  and  starches  capable  of  holding  dyestuffs  and  other  substances  upon 
the  fiber  a  sufficient  length  of  time  to  permit  of  some  desirable  reaction 
taking  place.    Their  action  is  purely  mechanical. 

Developing  Agents.  The  term  developing  agents  is  applied  to  oi^anic 
compounds  which  in  combination  with  some  other  organic  compound 
already  deposited  upon  the  fiber  will  develop  a  colored  compound,  or  if 
united  with  a  dyestuff  already  upon  the  fiber  will  form  a  new  coloring 
matter  possessing  a  more  desirable  or  a  faster  color.  Examples:  Beta- 
n^hthol  upon  the  liber,  when  combined  with  diazotized  para-nitro  aniline 
(developing  agent)  will  produce  para  red.  Primuline,  a  yellow  dyestutf, 
when  diazotized  upon  the  fiber  by  treatment  with  nitrous  acid  and  then 
combined  with  beta^naphthol  (developing  agent)  produces  a  bright  red 
coloring  matter. 

Leveling  Agents.     Leveling  agents  are  compounds  added  to  the  dye- 
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bath  in  conjunctioa  with  certain  dyestuffs  to  assist  in  brii^ing  about  the 
level  or  even  deposition  of  the  latter.  Example:  Glauber's  salt  used 
in  conjunction  with  the  direct  cotton  colors. 

Dyeing  Assistants.  Dy^ng  assistants  are  compounds  which,  added 
to  the  dye-bath,  facilitate  the  dyeing  process  and  are  beneficial  in  one 
way  or  another.  Examples:  Sulphuric  acid  and  Glauber's  salt  in  th6 
dyeing  of  acid  colors. 

Application  of  Metallic  Mordants.  True  mordant  dyestuffs  can 
only  be  applied  in  conjunction  with  metallic  mordants.  The  mor- 
danting process  is  therefore  of  great  importance,  the  mordant  play- 
ing almost  as  necessary  a  part  in  the  application  of  a  mordant 
color  as  does  the  dyestuff  itself.  Of  all  the  metals,  only  a  few, 
namely  chromium,  iron,  aluminium,  copper  and  tin  unite  with  mordant 
dyestuflfs  to  form  valuable  color  lakes.  On  account  of  its  general 
applicability  chromium  b  most  frequently  used.  Iron  and  copper  produce 
the  most  permanent,  while  aluminium  and  tin  produce  the  brightest 
color  lakes. 

Mordanting  of  Wool.  Wool  has  a  natural  affinity  for  certun  com- 
pounds and  thb  facilitates  the  mordanting  process  to  a  marked  degree. 
When  in  dilute  solution  mordanting  principles,  often  in  a  highly  disso- 
ciated condition,  are  aided  in  their  decomposititin  by  this  natural  attrac- 
tion of  wool  fiber,  and  as  a  result  various  metallic  compounds  (usually 
oxides,  hydroxides  or  basic  salts)  are  slowly  deposited  upon  the  fiber. 
This  process  takes  place  most  completely  in  a  boiling  bath  and  in  the  pre»- 
ence  of  some  secondary  soluble  compound  which  has  already  been  described 
as  a  mordanting  assistant. 

Chromium  compounds  are  depended  upon,  almost  entirely,  in  apply- 
ing mordant  dyestuffs  upon  wool,  and  potassium  sodium  dichromate  are 
the  moat  important  mordanting  principles  for  this  purpose.  The  process 
most  frequently  used  consists  in  boiling  the  wool  material  in  a  dilute  solu- 
tion of  potassium  or  sodium  dichromate  in  the  presence  of  either  tartar 
or  lactic  acid,  the  latter  compounds  acting  as  mordanting  principles. 
The  boiling  should  be  continued  for  about  one  to  one  and  one-half  hours 
in  order  to  seciu^  the  most  complete  decomposition  of  the  mordanting 
principle,  and  fixation  of  the  mordant  upon  the  fiber. 

Mordanting  of  Silk.  Silk,  like  wool,  possesses  a  marked  affinity  for 
metallic  oxides,  hydroxides,  and  basic  salts,  and  for  this  reason  may  be 
readily  mordanted.  The  process  consists  in  steeping  the  silk  in  a  con- 
centrated solution  of  the  proper  mordanting  principle,  such  as  the  sulphate, 
chloride  or  acetate  of  iron,  chromium,  aluminium  or  tin,  usually  in  a 
slightly  basic  condition,  and  then  thoroughly  washing  with  a  large  volume 
of  water.  This  process  may  be  repeated  several  times  depending  upon  the 
depth  of  color  to  be  obtfuned  upon  dyeing. 

Silk  possesses  the  property  of  absorbing  lai^  quantities  of  metallic 
compounds  and  advantage   is   taken  of  this  fact  in  the  weighting  oi 
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aUk.     Silk  weighting  and  mordanting  are  therefore  frequently  cloeely 


Mordanting  of  Cotton.  The  mordanting  of  cotton  is  more  difficult 
than  that  of  either  wool  or  silk  owing  to  the  entire  lack  of  natural  attrac- 
tion of  cotton  for  metallic  salts,  hydroxides  and  oxides.  The  methods  of 
cotton  mordanting  are  numerous,  but  may  be  grouped  under  four  general 
headings: 

(1)  Combined  padding,  aging,  and  dun^i^  process. 

(2)  Combined  printiofi,  a^ng,  and  dun^ng  process. 

(3)  Direct  chemical  precipitation  upon  the  fiber. 

(4)  Steam  printing. 

In  the  first  method,  the  cloth  is  evenly  saturated  (padded)  with  a 
solution  of  some  mordanting  principle,  usually  an  acetate  of  chromium, 
iron,  or  aluminium.  It  is  then  subjected  to  a  hot  moist  atmosphere  for 
a  number  of  hours  (aging)  which  brings  about  a  slow  decomposition  of 
the  acetate  with  fixation  of  metallic  oxide  upon  the  fiber,  and  liberation 
of  acetic  acid.  The  fixation  of  the  mordant,  and  neutralization  of  the 
free  acid  present  b  brought  about  by  the  dunging  process  which  consists 
in  thoroughly  treating  tbe  aged  material  in  a  bath  made  up  with  such 
substances  as  phosphates,  ^licates,  and  carbonates  of  potassium,  sodium, 
ammonium,  and  calcium.  Sodium  arsenate  is  a  valuable  fixing  agent 
for  this  purpose  but  its  use  has  been  largely  discontinued  owing  to  the 
poisonous  nature  of  the  arsenic. 

The  second  method  differs  from  the  first  only  in  that  the  mordanting 
principle  is  printed  upon  the  fabric  rather  than  padded. 

The  third  method  consists  in  the  direct  chemical  precipitation  of  the 
mordant  upon  the  fiber.  In  this  method  the  material  is  first  padded  with 
the  mordanting  principle  and  then  passed  through  a  bath  contfuning  the 
precipitant. 

In  steam  printing  the  mordanting  principle  and  mordant  dyestuff 
are  mixed  together  with  the  proper  thickening  agents  and  then  printed 
upon  the  cloth.  Upon  steaming,  the  mordanting  principle  decomposes 
and  forms  the  mordant  which  unites  with  the  coloring  matter  in  situ. 

Owing  to  the  shortage  of  coal  tar  colors,  brought  about  by  the 
European  war,  the  natural  dyes,  which  are  for  the  most  part  mordant 
dyes,  have  been  extensively  used  during  the  past  two  or  three  years. 
This  has  led  to  considerable  experimentation  in  the  apphcation  of  metalUc 
mordants  to  cotton.  One  of  the  most  important  advances  along  this 
line  has  been  the  introduction  of  D  salt.'     By  boiling  cotton  material  in 

'  D  salt  is  a  preparation  eo-called  after  ite  discoverer,  W.  C.  Durfee.  It  is  appar- 
ently a  colloidal  solutioD  of  chromium  dioxide  together  with  Bufficient  chromic  acid  to 
establish  an  equilibrium  which  although  comparatively  stable  at  ordinary  temperattUB, 
IB  easily  disturbed  through  boiling  in  the  presence  of  textile  material  or  when  dried 
upon  textile  material,  with  a  resulting  deposition  of  a  stable  chromium  mordant. 
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a  solution  of  this  salt  it  is  readily  mordanted  with  a  chromium 
mordant. 

Second  Class.  Coloring  Matters  and  Dyestuffs.  In  general,  a  color- 
ing matter  is  a  subatance  which  if  properly  used  will  impart  a  characteristic 
color  to  some  other  substance.  By  common  usage  the  term  dyestuff 
is  almost  synonymous  with  that  of  coloring  matter,  particularly  as  applied 
to  textile  material. 

Classification  of  the  Dyestuffs.  The  earliest  classification  of  dye- 
stuffs  was  made  by  Bancroft,  who  divided  them  into  two  classes,  aub- 
staniive  and  adjective.  He  designated  as  substantive  dyestuffs  those 
capable  of  producing  a  fully  developed  color  upon  textile  material  without 
the  necessary  assistance  of  any  other  combinii^  substance,  and  as  adjective 
dyestuffs  those  requiring  an  intermediate  combining  substance  {caUed 
a  mordant)  to  satisfactorily  fix  and  fully  develop  the  color.  Thb  group- 
ing is  still  in  use,  but  during  recent  years,  the  tendency  has  t>eeQ  to  use 
the  term,  direct  color  instead  of  substantive,  and  mordant  color  instead  of 
adjective.  In  gener^  the  classification  holds  true;  but  there  are  instances 
where  dyestuffs  are  substantive  toward  one  fiber,  but  adjective  toward 
another.  This  is  well  illustrated  by  the  basic  colors  which  will  dye  wool 
directly  but  require  a  mordant  upon  cotton. 

The  classification  which  divides  the  dyestuSs  according  to  their  origin  it 
of  broader  application.     It  recognises  three  groups  and  is  as  follows: 

(1)  Natural  Organic  Dyestuffs.     Including   (a)   Vegetable; 

(6)  Animal. 

(2)  Mineral  Dyestuffs. 

(3)  Artificial  Organic  Dyestuffs. 

Though  the  various  subdivisions  of  thb  classification,  particularly 
of  the  artificial  organic  dyestuffs,  are  numerous  and  varied  in  the  char- 
acter of  the  dyestufEs  they  include,  this  general  classification  has  the 
advantage  of  conciseness,  and  one  class  does  not  overlap  another. 

The  natural  organic  dyestuffs  include  such  coloring  matters  as  log- 
wood, indigo,  fustic,  cutch,  and  cochineal. 

l^e  mineral  coloring  matters  include  Prussian  blue,  chrome  yellow 
iron  buff  and  a  number  of  other  inorganic  p^ments. 

The  artificial  organic  dyestuffs  are  the  most  important  and  this  class 
may  be  divided  into  twenty  or  more  important  sub-classes.  They  include 
all  of  the  so-called  coal-tar  dyes,  such  as  magenta,  benzo-purpurine,  acid 
violet,  tartrazine,  and  the  alizarines. 

Natural  Organic  Dyestuffs.  For  convenience  we  shall  subdivide  the 
natural  organic  dyestuffs  as  follows: 

(1)  Indigo  and  related  compounds. 

(2)  IjOgwood. 

(3)  Natural  dyestuffs  producing  shades  of  a  red  character. 
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(4)  Natural   dyeatuffs  producing  shades   of  a  yellow  to  brown 
character. 

Ind^.  Indigo  blue  or  indigotin  occurs  in  many  plants,  chiefly  those 
of  the  genus  Indigofera,  the  Indigofera  Hndoria  yieldii^  the  largest  quan- 
tity. The  Indigofera  thrive  only  in  tropical  climates,  and  for  several 
hundred  years  the  cultivation  of  the  indigo  plant  was  one  of  the  chief 
industries  of  Southern  Asia,  particularly  India  and  Java.  The  introduc- 
tion of  the  artificial  indigo  however  has  dealt  a  severe  blow  to  the  natural 
indigo  indus^,  and  the  synthetic  indigo  now  seems  likely  to  entirely 
replace  the  older  vegetable  product,' 

The  indigo  plant  is  herbaceous  in  character,  grows  3  or  4  ft.  high,  and 
with  a  stem  about  \  in.  in  diameter. 

Indigo  blue,  or  indigotin  as  it  is  known  chemically,  docs  not  exist  as 
such  in  the  plant,  but  is  developed  through  the  indirect  decomposition 
of  a  glucoside  known  as  indicaa.  When  the  leaves  and  stems  are  steeped 
in  water  and  allowed  to  ferment,  a  clear  yellow  hquid  results  which  con- 
tains the  indigo  as  the  soluble  indigo  white.  When  this  hquor  is  violently 
agitated,  so  as  to  expose  all  parts  to  the  action  of  the  oxygen  of  the  air, 
the  soluble  indigo  white  is  converted  into  the  insoluble  indigo  blue.  This 
is  allowed  to  settle,  pressed  into  cakes,  and  when  dry  is  ready  for  the 
market. 

Chemistry  of  Indigo  Dyeing.  Indigo  differs  from  the  majority  of 
dyeatuffs  in  that  it  is  insoluble  in  all  of  the  reagente  which  the  dyer  can 
employ  practically,  but  nature  has  fortunately  given  it  a  property  which 
renders  its  application  comparatively  simple.  When  reduced  in  an  alkaline 
bath,  it  is  easily  converted  into  the  soluble  indigo  white  as  follows: 


Upon  even  the  mildest  oxidation,  indigo  white  passes  back  to  indigo 
blue  as  follows: 

C,flHi2N20z-|-0  =  Ci6HiaN202-|-H20. 

Indigo  while  lodifo  blue 

Indigo  white  being  readily  soluble  in  alkaline  water  solution,  and 
thb  solution  beii^  easily  absorbed  by  both  animal  and  vegetable  fibers, 
the  process  of  application  becomes  comparatively  simple.  Upon  exposure 
of  the  saturated  fiber  to  the  air,  the  indigo  white  is  oxidized  almost  imme- 
diately to  the  insoluble  indigo  blue,  which  is  rapidly  precipitated  upon 
and  within  the  pores  of  the  fiber  to  as  great  a  depth  as  the  indigo  white 
solution  has  penetrated.     The  alkaline  bath  of  indigo  white  is  commonly 

■  During  the  European  war  the  supply  of  synthetic  indigo  haa  been  practically 
^itt  off  and  as  a  result  the  natural  indigo  industiy  has  revived  but  this  is  undoubtedly 
only  a,  temporary  condition. 
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called  an  indigo  vat,  and  this  process  of  coloring  is  usually  spoken  of  as 
vai  dyeing. 

Af^lication  of  Indigo.  Indigo  is  extensively  used  for  the  dyeing 
of  cotton  and  wool,  but  seldom  for  silk. 

Three  forms  of  indigo  vats  are  chiefly  depended  upon  at  the  present 

(1)  Fermentation  vats. 

(2)  Zinc  lime  vats. 

(3)  Hydrosulphite  vata. 

These  vats  all  involve  the  principle  of  reducing  finely  ground  indigo 
to  indigo  white,  and  differ  only  in  the  methods  used  to  bring  about  this 
reduction. 

The  fennentation  vol  is  the  oldest,  but  is  still  frequently  used  in 
wool  dyeing,  although  never  used  for  cotton  dyeing.  The  reduction 
in  this  case  is  brought  al>out  by  the  fermentation  of  various  organic  sub- 
stances such  as  bran,  woad,  molasses,  and  madder  in  an  alkaline  solution. 

The  zinc  lime  vat  has  been  used  largely  for  cotton  dyeing,  but  not  for 
wool  dyeing.  The  reduction  in  this  case  is  brought  about  by  the  action 
of  zinc  powder  upon  wat«r  in  the  presence  of  an  alkali,  that  alkali  being 
calcium  hydroxide.  The  reaction  may  be  represented  by  the  following 
equation 

Zn+2H20-Zn{0H)2+2H. 

The  hydrosul-phite  vat  is  the  most  recent  of  the  indigo  reduction  vats, 
and  has  largely  replaced  the  fermentation  vat  for  wool  dyeing,  and  the 
zinc  lime  vat  for  cotton  dyeing.  In  this  vat  the  reduction  is  brought 
about  by  means  of  a  sodium  hydrosulphite  solution,  which  is  commonly 
prepared  just  before  use  by  the  action  of  zinc  dust  upon  sodium  bisulphite 
solution.    The  reactions  may  be  represented  by  the  following  equations: 

2NaHS03+2n=Na8Sa04+Zn(OH)a 
Na2S204+2H20  =  2NaHS03+2H. 

The  application  of  indigo  to  coUon  and  vxxd  differs  chiefly  in  the  fact 
that  it  b  more  difficult  to  penetrate  wool  than  cotton  with  the  indigo 
white  solution  and  thus  a  longer  period  of  immersion  and  a  somewhat 
higher  temperature  is  required. 

Cotton  requires  an  immersion  of  only  a  minute  at  ordinary  temperature, 
unless  the  material  is  heavy,  while  wool  requires  from  twenty  minutes  to  an 
hour  at  a  temperature  of  120°  F. 

Indigo  Extracts.  These  are  prepared  by  the  action  of  concentrated 
sulphuric  acid  upon  indigo  blue.  .  Ilie  resulting  compounds  are  the 
indigotin  sulpho  acids,  which  are  freely  soluble  in  water,  and  may  be 
easily  applied  to  wool  in  an  acid  bath.    They  dye  wool  a  brighter  blue 
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than  ordinary  indigo,  but  unfortunately  the  dyongs  produced  are  extrraaely 
furtive  to  light,  whereas  vat  indigo  on  wool  produces  one  of  the  fastest 
blues  known.  The  use  of  the  former  is  very  much  restricted  for  this 
reason.     The  indigo  extracts  are  of  no  value  for  cotton  dyeing. 

Logwood.  Logwood  is  the  product  of  a  large  and  rapidly  growii^ 
tree  known  botanically  as  the  Hamatoxylin  campechianum.  It  is  a 
native  of  Central  America  and  the  adjacent  islands,  Jamaica  being  one 
of  the  chief  centers  of  the  li^^ood  industry.  Raw  logwood,  as  the 
name  implies,  comes  ih  the  form  of  rough  logs,  which  are  ground  or  rasped 
into  small  chips.  It  may  be  used  in  this  latter  fonn  after  it  has  been 
properly  aged,  but  during  recent  years  it  has  been  more  frequently  put 
upon  the  market  in  the  more  concentrated  form  of  an  extract. 

Chemistry  of  Logwood  Coloring.  Careful  examination  of  freshly 
cut  l(^^ood  chips  reveals  the  presence  of  a  yellowish-crystalline  compound 
having  the  empirical  formula  CiaHnOe  and  to  which  the  name  tuBtnaUofyUn 
has  been  assigned. 

When  exposed  to  the  air  hsematoxylin,  especially  in  the  presence  of 
an  alkali,  rapidly  oxidizes  to  a  reddish-brown  substance  known  as  hamalein 
and  having  the  empirical  formula  CiaHiaOo.  Hiematein  is  the  active 
coloring  matter  of  Ic^wood.  Upon  further  oxidation  it  passes  into  a 
resinous  brown  substance  which  is  of  no  value  for  coloring  purposes. 

Logwood  is  in  every  sense  of  the  word  a  mordant  dyestufE,  a  metallic 
mordant  beii^  required  to  satisfactorily  fix  the  dyestuff  upon  any  textile 
fiber.  During  the  dyeing  process  the  heematdn  of  the  logwood  unites 
with  the  mordant  to  form  an  insoluble  metallic  oi^;anic  compound  or 
color  lake,  which  becomes  fixed  upon  the  fiber. 

The  chief  metals  entering  into  these  color  lakes  are  chromium,  iron, 
aluminium,  and  copper.  Logwood  is  commonly  classified  as  a  black 
dyestuff,  and  is  used  chiefly  for  the  production  of  blacks,  but  more  strictly 
speaking,  it  is  a  blue  dyestuff,  for  with  both  aluminium  and  chromium, 
it  produces  blue  dyeings  and  although  with  iron  the  shade  produced 
approaches  black,  it  is  customary  to  add  a  small  amount  of  some  yellow 
or  brown  dyestufE  to  produce  a  satisfactory  black. 

Aging  of  Logwood.  In  general,  l'<%wood,  when  ready  for  the  dyer, 
should  contain  a  high  percentage  of  hsematein,  but  little  unoxidized 
hsematoxylin,  and  none  of  the  resinous  brown  oxidation  product  already 
mentioned. 

In  order  that  this  ideal  condition  may  be  approached  as  nearly  as 
possible,  logwood  must  be  aged. 

Logwood  chips  are  commonly  aged  as  follows: 

After  having  been  made  into  a  large  pile  several  feet  in  depth,  the 
chips  are  well  moistened  with  water,  and  then  worked  over  with  wooden 
shovels,  every  portion  of  the  pile  being  thus  brought  in  contact  with  the 
air.  This  is  continued  for  a  period  of  from  three  or  four  days  to  two 
weeks,    depending   lai^ely   upon    atmospheric   conditions.     After   some 
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experience,  one  can  tell,  from  the  appearance  of  the  chips  when  the  right 
stage  of  oxidation  is  reached.  The  chips  are  then  stored  in  such  a  way 
as  to  be  exposed  as  little  as  possible  to  the  oxidizing  influence  of  the  air. 

When  aged  logwood  is  known  to  contun  much  hematoxylin,  and 
consequently  incompletely  aged,  the  a^g  may  be  continued  to  a 'certain 
extent  during  the  dyeing  process  by  addii^  some  oxidizing  agent  or  usmg 
an  oxidizing  mordant,  e.g.,  chromium  in  the  CrOs  form. 

Logwood  Liqu<».  Lc^wood  liquor  is  a  decoction  of  logwood  made 
by  extractii^  aged  li^wood  chips  with  water.  It  usually  has  a  strength 
.  of  15°  Tw.  (Sp.gr.  1.075)  and  as  it  does  not  keep  well  is  only  made  as 
required  for  use. 

Logwood  Extracts.  At  the  present  time,  logwood  ia  most  frequently 
put  upon  the  market  in  the  extract  form.  Logwood  extracts  are  made 
by  evaporating  logwood  liquor  in  vacuum  pans  until  it  reaches  a  sp.gr. 
of  1.25  or  50°  Tw.,  or  it  may  be  carried  to  dryness  to  produce  the  solid 
extracts. 

These  solid  extracts  are  prepared  by  patented  processes.  They  vary 
somewhat  in  strength  and  chemical  character,  and  are  frequently  designati.'d 
as  hamative  cryatah. 

Af^lication  of  L<^^ood.  Logwood  is  still  used  in  wocl  dyeing  on 
account  of  its  cheapness,  and  because  the  characteristic  bloomy  blue- 
black  which  it  gives  is  difficult  to  produce  at  as  low  a  cost  with  coal-tar 
coloring  matters.  In  wool  dyeii^,  logwood  is  chiefly  used  in  conjunction 
with  a  chromium  mordant,  a  small  amount  of  some  yellow  or  brown  dye- 
stuff,  frequently  fustic,  being  combined  with  it,  to  overcome  the  pro- 
nounced bluish  cast  which  would  otherwise  result. 

One  dip  logwood  blacks  are  prepared  by  using  in  conjunction  with 
logwood  some  mordanting  principle,  and  a  sufEcient  quantity  of  an  acid, 
usually  oxahc,  to  prevent  too  rapid  precipitation  of  the  coloi  lake.  A 
mixture  frequently  used  for  this  purpose  consists  of  logwood  extract, 
ferrous  sulphate,  copper  sulphate,  and  oxalic  acid. 

The  use  of  logwood  upon  ctAUm  has  greatly  diminished  during  recent 
years,  logwood  blacks  having  been  largely  replaced  by  aniline  black,  sulphur 
blacks,  and  certain  direct  cotton  blacks.  When  used  upon  cotton  it  is 
most  frequently  applied  in  conjunction  with  an  iron  mordant,  either 
alone  or  in  combination  with  a  copper  mordant. 

Logwood  is  extensively  used  for  the  production  of  blacks  upon  sitk. 
Iron  mordants  are  depended  upon  almost  entirely  for  this  purpose  and 
tin  mordants  occasionally.  The  process  usually  consists  in  alternately 
treating  the  silk  with  some  tannin  material,  and  an  iron  or  a  tin  compound 
until  the  silk  is  thoroughly  filled  with  the  metallic  tannate.  The  silk 
thus  mordanted  is  then  dyed  in  a  logwood  bath.  By  using  tin  compounds 
in  conjunction  with  acetate  of  iron  it  is  possible  to  weight  black  dyed  silk 
as  much  as  300  per  cent  of  its  or^nal  weight. 

Soluble  Red  Woods.   Brazil  wood,  peach  wood,  Japan  wood,  and  Lima 
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wood  are  the  principal  soluble  red  wooda.  They  are  all  mordant  colors, 
and  may  be  applied  to  mordaDted  cotton  or  wool  by,  boiling  in  a  plain 
bath  of  the  extracted  color. 

Insoluble  Red  Woods.  These  include  barwood,  Saunders  wood,  and 
camwood.  On  account  of  the  insolubility  of  the  coloring  matters  which 
they  contam,  the  ground  or  rasped  chips  of  wood  must  be  added  directly 
to  the  dye  bath.  They  are  all  mordant  colors.  The  red  woods  have 
been  replaced  by  coal-tar  colors  which  give  more  permanent  and  clearer 
dyeings  at  a  lower  cost.  Hypemic  extract  is  prepared  from  a  mixture 
of  red  woods. 

Madder.  Madder  root,  which  was  known  to  the  ancients,  was  for 
many  hundreds  of  years  the  most  important  of  the  red  natural  coloring 
matters,  and  was  used  chieBy  in  the  production  of  Turkey  reds.  The 
active  coloring  principle  of  madder  is  alizarine  CuHgOa,  and  the  discovery 
in  1868  by  Graebe  and  Liebennann  that  ahzarine  could  be  cheaply  made 
from  coal-tar  derivatives  soon  led  to  the  abandonment  of  madder  as  a 
coloring  matter  except  in  the  Oriental  countries  where  it  is  native. 

Cochineal.  Cochineal  is  a  red  mordant  coloring  matter  obtained 
from  the  dried  body  of  an  insect  which  is  native  of  Mexico  and  Central 
America.  In  the  past,  cochineal  was  extensively  used  for  the  production 
of  scarlets  and  crimsons  on  wool  in  conjunction  with  tin  and  aluminium 
mordants.  Like  most  of  the  other  natural  colors,  cochineal  has  been 
superseded  by  the  artificial  dyeetuffs. 

Other  red  natural  dyestuffs  wori^hy  of  mention  are  kermes,  and  lac 
dye,  which  are  similar  to  cochineal  in  origin,  though  of  less  importance; 
also  orchil  and  cudbear  bluish-red  coloring  matters,  which  like  litmus  are 
derived  from  certain  rock  mosses  or  lichens. 

Natural  Dyestuffs  of  a  Yellow  to  Brown  Color.  The  yellow  natural 
dyestuffs  include  a  number  of  vegetable  dyestuffs  which  vary  between 
yellow  and  brown.  Fustic,  quercitron  bark,  Persian  berries,  tunneric, 
weld,  and  cutch  are  the  most  important. 

Fustic  or  Cuba  Wood.  Fustic  or  Cuba  wood  is  the  most  important 
of  the  yellow  dyewoods  and  is  still  used  to  some  extent  in  wool  dyeing, 
chiefly  in  combination  with  logwood.  It  is  a  mordant  dyestuff,  being 
used  with  chromium  and  aliuninium  mordants.  It  possesses  excellent, 
fastness.  It  is  sold  in  the  form  of  ground  wood,  but  more  frequently  as 
an  extract. 

Osage  Orange  is  a  comparatively  new  dyewood.  The  wood  of  the 
osage  orange  tree,  which  grows  in  the  southern  part  of  the  United  States, 
is  extensively  used  in  the  manufacture  of  wagon  wheels,  and  it  has  been 
discovered  that  an  extract  made  from  the  sawdust  and  waste  possesses 
dyeing  properties  almost  identical  with  fustic,  both  as  to  color  produced 
and  fastness. 

Quercitron  Bark.  Quercitron  bark  is  obtained  from  the  bark  of  a 
species  of  oak  which  grows  in  the  Middle  and  Southern  States.     It  is  a 
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mordant  color  and  givea  brighter  yellows  than  fustic.  Its  use  is  limited 
at  the  present  time. 

PersJan  Berries.  Persian  berries  is  the  name  applied  to  the  berries 
of  the  buck-thorn.  In  the  extract  form  it  ia  used  to  a  limited  extent  in 
calico  printing. 

Turmeric.  Turmeric  is  the  ground  root  of  a  plant  which  grows  in  Asia. 
It  dyea  cotton,  wool,  and  silk  bright  shades  of  yellow  which  are  extremely 
fugitive  to  light  and  washing. 

Cutch  or  Gambia.  Cutch  or  gambia,  a  coloring  matter  rich  in  tannin, 
is  extracted  from  the  nuts  and  tender  portions  of  various  forms  of  acacia 
trees  growing  chieBy  in  India.  It  is  used  chie&y  for  the  production  of 
browns  upon  cotton  also  as  a  tannin  material  in  silk  dyeing. 

Mineral  Dyestuffs.  The  mineral  dyestuffs  as  a  class  are  of  minor 
importance  in  the  textile  industry.  Various  mineral  pigments  are  some- 
times used  in  calico  printing,  but  in  the  actual  dyeing  process  the  only 
mineral  dyes  of  any  importance  are  Prussian  blue,  chrome  yellow,  chrome 
green,  iron  buff,  and  khaki. 

Prussian  Blue.  Prussian  blue  may  be  produced  upon  textile  material 
by  one  of  two  methods.  The  first  consists  of  mordanting  the  material 
with  iron  oxide,  and  then  boiling  in  a  solution  of  potassium  ferrocyanide. 
The  second  method  makes  use  of  the  fact  that  both  the  ferro  and  ferri 
cyanides  of  potassium  decompose  when  boiled  in  an  acid  solution  and  from 
such  a  boiling  solution  Prussian  blue  is  absorbed  by  textile  material. 
The  first  process  is  used  chiefly  with  cotton  while  the  second  is  better 
adapted  to  wool  dyeing. 

Chrome  Yellow.  ChrcHne  yellow  is  the  yellow  lead  chromate  which 
may  be  precipitated  upon  the  fiber  by  alternate  treatments  with  solutions 
of  some  soluble  lead  salt  and  a  chromate. 

Chrmne  Green.  Chrome  green  is  a  ba«c  oxide  of  chromium  pre- 
cipitated upon  the  fiber  by  the  reaction  of  some  soluble  chromium  salt 
with  an  alkali. 

Iron  Buff.  Iron  buff  is  a  ferric  hydroxide  precipitated  upon  the  fiber 
by  the  reaction  of  some  soluble  iron  salt  with  an  alkaU. 

Khaki.  Khaki  is  a  yellowish  drab  color  produced  by  the  precipitar 
tion  upon  the  fiber  of  a  combination  of  ferric  hydroxide  and  basic  chromium 
hydroxide.  Khaki  when  properly  dyed  produces  an  extremely  fast 
color. 

Artificial  Organic  Dyestuffs.  The  natural  dyestuffs  were  depended 
upon  almost  wholly  until  the  discovery  of  mauve  by  Perkin  in  1856.  Mauve 
was  the  first  of  the  so-called  coal-tar  dyes,  or  better  manufactured  organic 
dyestuffs.  Its  discovery  was  followed  by  that  of  many  similar  dyestuffs, 
and  a  new  era  soon  began  in  the  textile  coloring  industry.  To-day  well 
toward  a  thousand  entirely  different  dyestuffs  of  this  class  are  at  the  dis- 
posal of  the  textile  colorist  and  from  them  we  can  select  dyes  which  will 
answer  almost  every  requirement  of  shade  and  fastness. 
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Clasdflcatiott  of  the  Artificial  Organic  DyestufFs.  The  artificial 
organic  dyestufFs  may  be  classified  according  to  their  chemical  derivation, 
their  composition,  or  in  respect  to  the  characteristic  color-forming  groups 
which  they  contain.  While  these  claesifications  prove  very  satisfactory 
for  the  color-manufacturing  chemist,  they  prove  of  httle  or  no  value  to  the 
practical  textile  colorist.  Another  classification  which  groups  them 
according  to  their  action  toward  the  various  textile  fibers,  i.e.,  according 
to  their  appUcation,  is  by  far  the  most  practical  and  valuable  for  the 
student  of  textile  coloring,  and  will  be  followed.  It  recognizes  ten  classes 
of  coloring  matters: 

(1)  Basic  colors. 

(2)  Phthalic  anhydride  colors. 

(3)  Acid  colors. 

(4)  Direct  cotton  colors. 

(5)  Sulphur  colors. 

(6)  Mordant  colors. 

(7)  Mordant  acid  colors. 

(8)  Insoluble  azo  colors.    Produced  directly  upon  the  fiber. 

(9)  Reducible  vat  colors. 

(10)  Miscellaneous  colors. 

Basic  Colors.  Chemically  the  basic  dyeatuffs  belong  to  the  class  of 
compounds  known  as  substituted  ammonias  or  amines.  like  ammonia 
they  are  basic  in  character,  and  hence  the  name. 

The  basic  colors  have  a  direct  affinity  for  wool  and  silk,  but  no  direct 
affinity  for  cotton,  and  can  only  be  applied  to  the  latter  fiber  in  conjunc- 
tion with  some  acid  mordant,  usually  tainnic  acid. 

Applicaiionr  t)f  Baaic  Cdors  to  Wool.  Althoi^  the  basic  colors  have 
a  direct  affinity  for  wool,  they  are  not  extensively  used  in  wool  dyeing, 
for  in  most  cases  there  are  more  desirable  acid  dyes.  When  apphed  to 
wool  it  is  customary  to  boil  the  material  in  a  bath  made  up  with  the  - 
required  quantity  of  dyestuff,  sufficient  acetic  acid  to  render  the  bath 
distinctly  acid,  and  Glauber's  salt  equal  to  10  per  cent  of  the  weight 
of  material  being  dyes. 

Application  of  Basic  Cdors  to  SUk.  The  baaic  colors  have  a  duiect 
affinity  for  silk,  and  are  extensively  used  for  dye'ng  this  fiber  when  bright 
rather  than  fast  colors  are  desired.  The  dye  bath  is  made  up  with  25 
per  cent  "  boiled  ofE  liquor  "  '  and  the  remainder  with  water  to  which  is 
added  the  required  quantity  of  dyestuff  and  sufficient  sulphuric,  acetic, 
or  tartaric  acida  to  render  the  bath  slightly  acid.  The  silk  material  is 
entered  at  100*  F.,  the  temperature  of  the  bath  then  raised  to  140  F. 

>  Prelimmaiy  to  dyebg,  silk  ia  subjected  to  the  "  boiling  off "  or  "  degum- 
ming  process."    The  liquor  resulting  from  this  operatjon  is  known  as  "  boiled-oS 
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tlte  materia!  worked  at  this  temperature  for  a  few  minutes,  and  the 
bath  finally  raised  to  a  boiling  temperature. 

With  dyestuffs  which  go  on  the  fiber  unevenly  it  is  advisable  to  lift 
the  silk  material  from  the  bath  while  the  temperature  is  being  raised. 

Apjdicalion  of  the  Basic  Colors  to  Cotton.  Although  the  basic  colors 
have  no  direct  affinity  for  cotton,  it  is  for  the  dyeii^  and  printing  of  this 
fiber  that  they  find  their  most  eictensive  apphcation.  Before  dyeii^ 
cotton  material  it  must  first  be  impregnated  with  tannic  acid,  and  this 
fixed  upon  the  fiber  as  an  insoluble  metallic  tannate  usually  of  anti- 
mony. When  such  a  tannin  mordanted  cotton  material  is  dyed  in  a 
bath  containing  a  basic  color,  an  insoluble  combination  of  the  dyestufF, 
tannic  acid,  and  antimony  results,  which  becomes  fixed  upon  the  fiber. 
In  calico  printing,  the  basic  color  and  tannic  acid  are  mixed  together  in 
the  printing  paste,  and  chemical  combination  between  the  two  is  brought 
about  by  a  subsequent  steaming  process.  More  thorough  fixation  of 
color  may  be  obtained  by  after-treating  the  printed  and  steamed  cloth 
with  some  soluble  antimony  compound,  usually  tartar  emetic. 

Charaderigtitf  Properties  of  the  Basic  Colors.  The  basic  colors  are 
characterized  by  their  great  briUianisy  and  high  coloring  power.  Their 
fastness  to  light  is  by  no  means  satisfactory,  but  their  fastness  to  washing 
in  most  cases  is  very  good. 

The  Phdialic  Anhydride  Colors.  The  pbthalic  anhydride  colors 
are  so  called  because  they  are  directly  related  to  this  compound.  They 
include  the  eosinee  and  rhodamines,  and  are  extensively  used  for  the  pro- 
duction of  bright  pinlcs,  particularly  in  silk  dyeing,  and  less  frequently 
in  wool  dyeii^.  They  are  not  used  to  any  great  extent  in  cotton  dyeing, 
although  sometimes  used  in  cotton  printing.  The  rhodamines  are  closely 
related  to  the  basic  colors  and  may  be  applied  in  a  similar  manner. 

Application  to  Wool.  The  phthaUc  anhydride  colors  are  applied  to 
wool  in  conjunction  with  alum,  potassium  bitartrate,  and  acetic  acid. 

Application  to  Silk.    These  colors  are  applied  similarly  to  basic  colors. 

Application  to  Cotton.  In  calico  printing  the  phthalic  anhydride 
colors  are  either  applied  in  a  similar  manner  to  basic  colors,  or  in  conjunc- 
tion with  aluminium  acetate. 

Charaderialic  Properties.  The  phthalic  anhydride  colors  are  char- 
acterized by  their  remarkable  brilliancy. 

Add  Colors.  The  acid  colors  are  so  called  on  account  of  their  acid 
character,  and  furthermore  because  they  dye  wool  so  readily  in  an  acid 
bath.  They  are  of  great  importance  in  wool  dyeing,  about  75  per  cent 
of  all  wool  dyeing  being  accomplished  at  the  present  time  by  their  use. 
The  acid  colors  are  also  extensively  used  in  silk  dyeing,  but  are  of  no 
importance  in  cotton  dyeing. 

From  a  chemical  point  of  view  the  acid  colors  may  be  subdivided 
according  to  their  composition  Into  three  classes:  (1)  Those  which  are 
nitro  compounds,  i.e.,  those  containing  the  nitro  or  NOa  group.     (2) 

D,umzk;I;,V- OOgIC 


1020  INDUSTRIAL  CHEMISTRY 

The  sulphonated  basic  colors,  i.e.,  those  made  by  treatii^  basic  coIotb 
with  concentrated  sulphuric  acid,  and  thereby  introducing  the  sulphonic 
acid  or  HSO3  group.  (3)  Those  which  are  azo  colors,  i.e.,  those  contain- 
ing the  azo  or  — N=N —  group.  The  dyestuffs  of  the  third  group  are 
the  most  numerous  and  moat  valuable  of  the  acid  colors. 

Appltcaiion  to  Wod.  The  acid  dyestuffs,  almost  .without  exception, 
are  absorbed  readily  by  wool  in  an  acid  bath  and  the  dyeing  process  is 
comparatively  simple.  The  dyebath  ia  prepared  with  the  required 
quantity  of  dyestuff,  Glauber's  salt  equal  to  15  per  cent,'  and  sulphuric 
acid  equal  to  3  to  5  per  cent  of  the  weight  of  the  material  being  dyed. 
Instead  of  this  mixture  of  Glauber's  salt  and  sulphuric  acid,  a  correspond- 
ing amount  of  sodium  bisulphate  may  be  used.  The  material  is  entered 
at  a  temperature  of  about  140°  F.,  brought  slowly  to  a  boil,  and  dyed  at 
a  boiling  temperature  for  three-quarters  of  an  hour,  or  longer  if  much 
dyestuff  remains  in  the  bath.  With  some  acid  dyes  better  results  are 
obtained  by  substituting  acetic  acid  for  sulphuric  acid,  particularly  at  the 
beginning  of  the  dyeing  process.  When  acetic  acid  is  used  about  2^^ 
of  sulphuric  acid  is  usually  added  toward  the  end  of  the  dyeing  process. 

Application  to  Silk.  In  silk  dyeing  the  proper  quantity  of  dyestuff 
is  added  to  a  bath,  made  up  with  "  boiled-off  hquor  "  and  water,  to  which 
haa  been  added  sufficient  sulphuric  acid  to  render  the  bath  decidedly  acid. 
The  dyeing  is  begun  at  100  to  125°  F.,  and  the  bath  slowly  raised  to  200" 
F.,  but  no  higher. 

Application  to  Cotton.  The  acid  dyestuffs  have  no  aflinity  for  cotton, 
and  although  occasionally  used  for  special  purposes  they  need  not  be  con- 
ddered  in  this  respect. 

Properties  of  Acid  Dyestuffs.  The  number  of  the  acid  dyestuffs  is 
80  great  and  their  properties  so  varied  that  it  is  difficult  to  describe  definite 
properties  that  will  apply  to  all. 

Most  of  the  acid  colors  are  eaaily  soluble  in  water,  and,  from  an  acid- 
ified water  solution,  animal  fibers  rapidly,  and  in  many  cases  completely, 
absorb  the  dyestuff.    The  vegetable  fibers,  in  general,  have  no  direct  " 
affinity  for  the  acid  colors;  jute,  however,  as  an  excefttion,  has  a  alight 
affinity  for  a  few  special  colors. 

Direct  Cotton  Colors.  The  direct  cotton  colors,  as  their  class  name 
indicates,  have  a  direct  affinity  for  cotton.  All  vegetable  fibers  readily 
abaorb  the  direct  cotton  colors  from  their  simple  water  solution,  but  for 
practical  results  it  is  advisable  to  make  certain  other  additions  to  the 
dye  bath.  The  direct  cotton  colors  also  dye  the  animal  fibers  directly 
but  in  most  cases  acid  colors  are  preferred.  The  direct  cotton  colore 
havii^  a  direct  affinity  for  both  animal  and  vegetable  fibers  find  extensive 
application  in  the  dyeing  of  union  material  composed  of  cotton  and  wool, 
or  cotton  and  ailk. 

■  The  percentage  referred  to  here  as  id  all  other  cases  in  this  chapter  is  based  upon 
total  weight  of  material  being  dyed  and  not  on  coDcentration  of  solution  used. 
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Apj^icalion  lo  Cotton.  The  direct  cotton  colors  are  usually  applied 
to  cotton  material  by  boiling  for  one  hour  in  a  dye-bath  made  up  with  the 
necessary  quantity  of  color,  and  Glauber's  salt  or  common  salt  to  the  extent 
of  10  to  30  per  cent  of  the  weight  of  material  being  dyed.  In  some  cases 
it  is  advisable  to  add  from  1  to  3  per  cent  of  soda  ash,  the  quantity  added 
varying  with  the  amount  of  dyestuff  used.  In  the  dyeing  of  delicate 
tints,  and  with  material  which  is  difficult  to  penetrate,  aoap  is  sometimes 
added  to  the  bath,  and  sodium  phosphate  used  instead  of  Glauber's 
and  common  salts.  It  is  always  advisable  to  keep  the  bath  as  short, 
i.e.,  as  concentrated,  as  possible,  when  applying  these  colors  to  cotton. 
An  after-treatment  with  copper  sulphate  or  potassium  dichromate  solution 
renders  certain  of  the  direct  cotton  colors  somewhat  faster  to  light. 

Cotton  material  dyed  with  certain  direct  cotton  colors,  particu- 
larly blacks,  blues,  and  browns,  may  sometimes  (depending  upon  their 
composition)  be  rendered  much  faster  to  washing  and  increased  in  intensity 
of  color  by  the  process  known  as  diazotizing  and  devdoping.  To  accom- 
plish this,  the  material,  which  has  already  been  dyed  by  one  of  the 
r^ular  methods,  is  rinsed  in  cold  water,  and  diazotized  by  jvorking 
fifteen  to  twenty  minutes  in  a  cold  bath  of  dilute  sodium  nitrite. 
After  removal  from  this  bath  the  material  is  again  rinsed  in  cold  water 
and  worked  for  fifteen  minutes  in  a  bath  containing  the  proper  devel- 
oper.i 

Applicali{m  to  Wool.  Wool  may  be  dyed  with  most  of  the  direct  cotton 
colors  in  a  neutral  bath  with  or  without  the  addition  of  Glauber's  salt  or 
common  salt. 

In  some  cases  it  is  advisable  to  add  a  little  acetic  acid,  but  the  addition 
of  too  much  acid  causes  the  dyestuff  to  go  upon  the  fiber  unevenly. 

Application  to  Silk.  The  direct  cotton  colors  are  applied  to  silk  in 
much  the  same  manner  as  to  wool.     The  addition  of  "  boiled-off  liquor  " 


Application  to  Cotton  and  Wod  Union  Material.  The  direct  cotton 
colors  having  a  direct  afiSnity  for  both  cotton  and  wool  are  extensively 
used  in  the  dyeing  of  union  goods.  By  the  choice  of  proper  dyestuffs, 
and  regulation  of  process,  chiefly  through  variation  of  temperature,  ahnost 
any  color  can  be  produced  upon  such  material  in  one  bath. 

Properties  of  the  Direct  Cotton  Colors.  The  direct  cotton  colors 
vary  greatly  in  fastness.  In  general,  they  are  not  fast  to  washing  when 
applied  to  cotton  although  much  faster  in  this  respect  upon  wool.  Many 
of  the  reds  are  extremely  sensitive  to  acid. 

The  property  known  as  "  bleeding  "  is  one  of  the  valuable  as  well  as 
one  of  the  detrimental  characteristics  of  the  direct  cotton  colors. 

This  property  is  valuable  since  it  tends  to  produce  very  level  dyeings, 
and  also  to  correct  unevenness.     On  the  other  hand  it  is  detrimental  as 

■  Beta-naphthcd  dieaolved  in  the  neceaaory  quantity  of  causUo  soda  solution  is 
most  frequently  used  (or  this  purpose. 
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it  prevents  the  use  of  the  direct  cotton  colors  for  coloring  of  giDghams  and 
in  calico-printing.  j 

The  direct  cotton  colors  are,  as  a  rule,  readily  soluble  in  water. 
Sulphur  Colors.  The  sulphur  or  sulphide  colors,  as  they  are  frequently 
called,  are  in  many  respects  similar  to  the  direct  cotton  colors,  but  differ 
eo  entirely  in  many  other  respects  that  they  are  grouped  by  themselves. 
In  recent  years  they  have  become  an  important  factor  in  cotton  dyeing, 
on  account  of  the  fastness  of  the  dyeings  they  produce,  and  they  are  now 
extenmvely  used  for  the  production  of  fast  blacks,  blues,  browns,  and  com- 
pound shades  upon  cotton. 

They  are  cedled  sulphur  colors  for  three  reasons:  In  the  first  place, 
sulphur  is  a  constituent  of  all  of  the  dyestuffs  of  this  class;  sulphur  and 
sodium  sulphide  are  largely  used  m  their  manufacture;  and  finally,  sodium 
sulphide  is  almost  without  exception  a  necessary  constituent  of  the  dye- 
bath  during  their  application. 

Application  of  iJie  Svlphur  CoIotb.  The  sulphur  colors  are  only  used 
in  the  dyeing  of  vegetable  fibers,  the  strongly  alkaline  sodium  sulphide 
bath  w^ch  must  be  used  to  hold  the  color  in  solution  prohibiting  their 
use  with  animal  fibers.'  In  general  they  are  apphed  in  a  bath  made 
up  as  follows:  Dyestuff  from  1  to  20  per  cent  of  the  we^ht  of  the  material, 
sodium  sulphide  one  to  four  times  the  weight  of  dyestuff,  soda  ash  5  to  10 
per  cent,  and  Glauber's  or  common  salt  20  to  50  per  cent  of  the  weight 
of  materia  being  dyed.  The  material  to  be  dyed  is  entered  at  or  just 
below  the  boil,  and  dyed  at  this  temperature  for  one  hour.  It  is  advis- 
able to  keep  the  textile  material  below  the  surface  of  the  liquor  as  much 
as  possible. 

Properties  of  the  Sulphur  Colors.  The  most  v^uable  property  of 
the  sulphur  colors  is  their  fastness  to  light,  washing,  and  acids.  Their 
fastness  to  chlorine  and  bleachii^,  however,  is  in  most  cases,  not  good. 
Nearly  all  of  the  sulphur  colors  are  insoluble  in  water,  but  dissolve 
readily  in  a  solution  of  sodium  sulphide.  Copper  vessels  must  not  be 
used  for  their  solution  or  in  their  dyeing  as  the  sulphide  present  rapidly 
acta  upon  the  copper,  coating  it  with  the  black  copper  sulphide. 

The  shades  produced  by  the  sulphur  colors  are  mostly  of  a  dull  char- 
acter, and  blacks,  browns,  dark  blues,  dark  greens,  and  dull  yellows;  alao 
various  compound  shades  of  these,  such  as  drabs,  slates,  oUves,  and  grays 
predominate.  Sulphur  yellows  and  greens  as  a  rule  do  not  equal  the 
other  sulphur  colors  in  fastness.  As  yet  no  bright  sulphur  reds  have  been 
prepared. 

Artificial  Hordant  Colors.  The  true  mordant  dyestuffs  included 
under  this  heading  cannot  be  permanently  fixed  upon  cotton,  wool  or  silk, 
except  in  conjunction  with  some  metallic  mordant.  The  nature  of  these 
metallic  mordants  and  the  methods  of  their  formation  upon  textile  mate- 
'  Social  methods  have  been  proposej  for  applying  sulphur  colon  upon  wool,  but 
Qooe  bu  as  yet  wme  into  pr&cticftl  use. 
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rial  have  already  been  described  (see  page  1008).  They  are  usually  fixed 
upon  the  textile  material  as  insoluble  hydroxides  of  chromium,  aluminium, 
and  iron,  and  less  frequently  tin  and  copper.  During  the  dyeing  process 
which  follows  the  mordanting,  the  mordant  dyestuifs,  which  contain 
either  hydroxyl  (OH)  or  carboxyl  (COOH)  groups  in  their  composition, 
react  with  the  mordants  in  much  the  same  manner  as  acids  react  with 
bases,  the  result  being  the  formation  of  insoluble  metaUic  organic  com- 
pounds of  salt-like  character  which  are  known  as  color  lakes.  This  reac- 
tion takes  place  in  aitu  and  the  color  lake  is  thus  fixed  upon  and  within 
the  fiber. 

AjyplicxUum  to  Wod.  The  material,  which  has  already  been  mor- 
danted (see  page  1010),  is  thoroughly  washed  and  then  dyed  in  a  bath 
made  up  with  the  necessary  quantity  of  dyestuff  and  acetic  acid.  .The 
latter  b  added  to  counteract  any  hardness  or  alkalinity  of  the  water, 
and  should  be  slightly  in  excess. 

The  dye-bath  should  be  at  ordinary  temperature  when  ihe  material 
is  entered,  but  the  temperature  should  be  slowly  raised  to  a  boil,  and  the 
dyeii^  continued  at  a  boiling  temperature  for  one  and  one-half  hours. 
This  prolonged  boiling  is  necessary  in  order  that  complete  chemical  reac- 
tion may  take  place  between  mordant  and' dyeetuff. 

Application  to  Cotton.  Cotton  material  mordanted  by  one  of  the 
methods  already  described  may  be  dyed  by  simply  boiling  in  a  bath 
containing  the  mordant  dyestufF,  but  it  is  more  often  the  case  that 
mordant  dyestuffs  are  applied  to  cotton  in  conjunction  with  some  mor- 
danting principle  by  the  steam  printing  process.     (See  page  1007.) 

Application  to  Silk.  The  mordant  dyestuffs  may  be  appUed  to  mor- 
danted silk  but  are  seldom  used  for  this  fiber  unless  extreme  fastness 
to  aoap  and  washing  is  desired. 

Properties  of  Mordani  Dyestuffs.  While  most  of  the  artificial  dye- 
stuffs  are  soluble  in  water,  and  sold  in  a  powdered  condition,  the  mor- 
dant dyestuffs  are  the  exception,  being  nearly  all  insoluble  in  water  and 
sold  as  liquid  pastes,  which  usually  contain  20  per  cent  of  coloring  matter 
and  80  per  cent  of  water.  Alizarine  is  the  most  important  of  the  mordant 
dyestuffs,  and  many  of  the  other  dyestuffs  of  this  class  are  direct  derivatives 
of  ahzarine.  For  this  reason  the  mordant  dyestuffs,  as  a  group,  are  some- 
times designated  as  the  "  alizarines."  The  mordant  dyestuffs  are  char- 
acterized by  their  great  fastness  both  to  hght  and  washing  as  well  as  all 
of  the  common  color-destroying  agencies. 

Mordant-acid  Colors.  The  dyestuffs  of  the  group  known  as  the 
mordant-acid  colors  are  intermediate  in  general  character  between  the 
acid  dyestuffs  and  the  mordant  dyestuffs.  They  resemble  acid  colors 
in  a  general  way,  dyeing  wool  duwtly  in  an  acid  bath,  but  at  the  same 
time  resemble  the  mordant  colors,  in  that  they  may  be  applied  to  advan- 
tage in  conjunction  with  metallic  mordants. 

During  recent  years,  the  number  of  mordant-acid  colors  has  greatly 

D,uMz.;l;,V.OOglC 


1024  INDUSTRIAL  CHEMISTRY 

increased,  and  at  the  present  time  they  are  receiving  much  attention  in 
wool  dyeing,  having  replaced  the  mordant  colors  to  a  certain  extent. 
Their  popularity  lies  in  the  ease  with  which  they  may  be  applied,  and 
the  fact  that  an  after-treatment  with  some  mordanting  principle  converts 
them  into  color  lakes  possessing  excellent  fastness  to  light,  acids,  washing 
and  aoaping. 

Applicaiion  of  Mordant-add  Colors.  It  is  only  upon  wool  that  the 
mordant-acid  colors  are  useful.  They  are  dyed  in  the  same  manner  aa 
acid  colors,  but  after  the  dyeing  is  completed  the  material  is  raised  from 
the  bath;  from  1  to  3  per  cent  of  potassium  dichromate  added  and  the 
boiling  continued  for  from  one  to  one  and  one-half  hours.  With  some 
dyestuSs  it  is  better  to  after-treat  with  the  potassium  dichromate  in  a 
separate  bath,  and  in  some  instances  a  small  quantity  of  some  mordant- 
ing assistant,  such  as  tartar  or  lactic  acid,  may  be  added  to  advantage. 

Properties  of  the  MordarU-add  Cdora.  The  mordant-acid  eolora 
when  properly  applied  approach  almost  if  not  quite  the  fastness  of  the 
straight  mordant  colors.  Difficulty  is  sometimes  experienced  in  produc- 
ing the  exact  shade  desired,  because  the  color  produced  at  the  end  of  the 
dyeing  is  often  greatly  changed  during  the  after-treatment.  It  ii:  not 
infrequent  that  a  yellow  or  red  will  produce  a  dark  blue,  green  or  even 
black  upon  afteNtreatment. 

As  the  after-treatment  is  almost  without  exception  carried  out  with 
potasdum  dichromate,  the  mordant  actd  colors  are  often  called  "  chrome 
colors." 

Insoluble  A20  Colors.  A  number  of  coloring  matters  of  the  azo  type 
exbt,  the  insolubility  of  which  renders  them  non-applicable  by  any  of  the 
methods  already  described.  Fortunately  the  nature  of  the  process  of 
their  formation  is  such  that  they  may  be  produced  directly  upon  the  fiber. 
Many  insoluble  azo  colors  may  be  produced,  but  only  two,  the  so-called 
■para-nitraniline,  and  alpha-napklhylamine  reds  have  proved  to  be  of  prac- 
tical value.  These  have  been  extensively  used  upon  cotton  durir^  the 
past  twenty  years,  the  former  havii^  replaced  Turkey-red  to  a  great  extent. 

The  dyestuffs  of  this  class  are  also  known  as  developed  eolora,  because 
they  are  developed  during  the  process  of  application,  ice  colors  because 
ice  is  used  to  attain  a  low  temperature  during  their  formation,  and 
ingrain  cdors  because  they  are  formed  within  the  grain  of  the  fiber. 

The  formation  of  the  insoluble  azo  colors  depends  upon  the  fact  that 
certain  diazotized  amino  compounds  produce  insoluble  coloring  matters 
when  brought  into  contact  with  certain  naphthols  or  phenohc  bodies. 
Para-nitraniline  red,  the  most  important  example,  is  produced  by  padding 
cotton  cloth  with  sodium  beta-naphtholate,  prepared  by  dissolving  beta- 
napbthol  in  caustic  soda  solution,  and  then  passing  the  cloth  thus  pre- 
pared through  a  bath  containing  a  cold  solution  of  diazotized  para-nitrani- 
line, the  latter  being  prepared  by  the  action  of  nitrous  acid  upon  parai- 
nitraniline  hydrochloride.    As  soon  as  the  cloth  prepared  as  above  comes 
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in  contact  with  the  para-mtraniline  solution,  a  bright  red  develops  wtiich 
possesses  excellent  fastness  to  light  and  washing.  If  diazotized  alpha- 
naphthylamine  is  substituted  for  the  para-nitraniline,  a  claret  red  color 
is  produced  of  corresponding  fastness.  Para-nitraniline  red  on  cotton  is 
faster  than  any  of  the  direct  cotton  reds  of  similar  character  and  as  regards 
fastness  to  U^t  is  exceeded  only  by  Turkey  red. 

The  insoluble  azo  colors  are  not  applicable  to  wool,  owing  to  the  fact 
that  a  strong  caustic  soda  solution  must  be  used  in  dissolving  the  naphthol 
which  would  act  injuriously  upon  the  fiber. 

Reduction  Vat  Colors.  The  reduction  vat  colors  have  come  into  great 
prominence  during  recent  years  owing  to  their  great  resistance  to  prac* 
tically  all  of  the  color-destroying  agencies,  particularly  light  and  washing. 
The  chemistry  of  their  application  is  the  same  as  that  of  indigo,  in  fact 
indigo  is  a  reduction  vat  color  in  every  sense  of  the  word.  As  a  class  these 
colors  are  insoluble  in  water,  but  when  strongly  reduced  in  an  alkaline 
bath  they  form  soluble,  usually  colorless  or  almost  colorless,  reduction 
compounds  which  are  easily  absorbed  by  the  fiber.  Upon  subsequent 
oxidation  the  reduced  compounds  pass  back  to  the  original  insoluble 
dyestuff  which  becomes  fixed  upon  the  fiber. 

From  the  point  of  view  of  composition,  the  reduction  vat  colors  may  be 
divided  into  two  classes:  first,  those  directly  relaied  to  indigo;  secondly, 
those  releUed  to  anthracene.  The  former  may  in  most  cases  be  applied 
to  both  cotton  and  wool,  but  the  latter  only  to  cotton. 

Another  important  group  of  coloring  matters  of  recent  development 
are  the  so-called  sulphurized  vat  dyes.  In  their  properties,  they  may  be 
con^dered  as  intermediate  between  the  vat  colors  and  the  sulphur 
colors.  But  little  is  known  in  regard  to  their  compofiitioit.  The  dye* 
stuffs  known  as  hydron  colors  belong  to  this  group. 

The  coloring  power  of  the  reduction  vat  colors  is  weak  and  a  compar- 
atively lai^  amount  must  be  used  in  most  cases.  They  all  possess 
excellent  fastness  to  washing  but  their  fastness  to  light  is  more  variable. 
Commercially  the  reduction  vat  colors  are  variously  known  as  indanthrene, 
i^gol,  helindone,  ciba,  thio  indigo  and  hydron  colors. 

Aniline  Black.  Aniline  Hack  is  usually  classified  as  one  of  the  mia- 
ct^neoua  colors,  for  it  does  not  belong  to  any  of  the  other  groups.  It  is, 
in  reality,  an  insoluble  black  pigment  produced  by  the  oxidation  of 
aniline. 

When  aniline  is  oxidized,  three  consecutive  products  are  formed:  (1) 
Emeraldine,  a  greenish-colored  salt  insoluble  in  water.  (2)  Nigraniline, 
formed  by  the  oxidation  of  emeraldme,  and  (3)  Aniline  black  proper, 
or  ungreenable  black,  as  it  is  sometimes  called,  which  b  formed  by  a  still 
further  oxidation  of  nigraniline.  The  composition  of  the  final  product 
is  not  definitely  known. 

Aniline  black  is  extensively  used  in  calico-printing  and  the  dyeing  of 
hosiery,  but  cannot  be  used  successfully  in  woo!  dyeing. 

D,uMZK;l;,V.OOglC 


1026  INDUSTRIAL  CHEMISTRY 

In  general,  aniUoe  black  is  applied  by  prepuing  or  printing  the  mate- 
rial with  a  mixture  of  aniline  hydrochloride  and  certain  oxidizing  agents 
and  oxygen  carriers,  such  as  potassium  chlorate,  potassium  ferrocyanide, 
copper  sulphide,  or  vanadium  salts,  and  subsequently  drying  and  acing 
it  by  passing  through  an  aging  chamber. 

Aniline  black  is  extremely  fast  to  light,  bleaching  and  washing. 

The  Mechanism  of  Dyeing.  In  the  dyeing  of  textile  material  we  have 
the  foUowing  types  of  material  with  which  to  deal: 

1.  Raw  Stock.  Including  loose  cotton,  loose  wool  or  any  other  fiber 
in  the  imcarded  or  unspun  etate. 

(la)  Carded  or  partly  spun  fiber  in  the  form  of  slubbing,  tops  and 
roving. 

2.  Yam  in  the  form  of  skeins,  and  continuous  chains  of  warp. 

3.  Piece  goods  or  woven  cloth. 

In  the  older  methods  the  dj^ing  process  was  carried  out  by  hand. 
The  raw  stock  was  worked,  turned  over,  and  more  or  less  constantly 
k^t  in  motion  by  long  poles.  The  yam  was  dyed  in  the  foim  of  skeins 
which  were  suspended  above  the  rectangular  dye  tubs  by  means  of  cross 
sticks  and  the  skeins  were  frequently  turned  end  for  end  and  the  sticks 
moved  back  and  forth  from  one  end  of  the  tub  to  the  other. 

While  these  processes  are  still  used  especially  for  the  dyeing  of  loose 
wool,  most  dyeing  is  now  done  by  means  of  machines. 

These  machines  are  of  two  types,  first,  those  in  which  the  material 
being  dyed  is  circulated  through  the  dye  Uquor  which  is  more  or  less  sta- 
tionary and  second,  those  in  which  the  material  being  dyed  remains 
stationary  and  the  dye  Hquor  is  forced  through  it,  usually  by  means  of 
rotary  pumps  or  propeller  blades. 

Cloth,  warps  and  skeins  are  more  frequently  dyed  by  the  first  method, 
whUe  raw  stock,  tops  and  slubbing  are  most  frequently  dyed  by  the  latter. 

In  recent  years,  many  machines  have  been  devised  for  dyeing  yam  in 
the  form  of  beams  of  warp '  and  cope  '  in  order  to  save  handling  and 
rewinding.  While  in  some  instances  these  processes  have  been  successful 
they  are  for  the  most  part  still  in  the  experimental  stage. 

Textile  Printing.  Textile  printing  differs  from  dyeing  in  that  the 
color  or  colors  applied  are  confined  to  certain  portions  of  the  material, 
thus  producing  definite  designs  or  patterns.  The  chief  object  of  textile 
printing  is  the  production  of  a  pattern  fabric  in  colors  at  a  low  cost,  the 
duplication  of  which  by  weaving  would  be  excessively  expensive  or  im- 
practicable for  some  other  reason. 

In  cotton  printing,  perfectly  plain  cotton  cloth  commonly  known  as 
print  cloth  or  calico  is  used,  and  the  patterns  produced  are  wholly  inde- 

>  Beams  are  the  large  tightly  rolled  cyliodera  of  warp  which  are  [daced  in  the  back 
or  a  loom. 

'  Cops  are  small  coninally  wound  portions  of  yani  which  are  placed  in  the  nhuttlea 
of  a  loom. 
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pendent  of  the  weave.  There,  are,  however,  what  might  be  termed  fancy- 
prints,  where  the  finished  deeign  or  effect  is  produced  partly  in  the  loom  and 
partly  in  the  printing  machine,  and  other  cases  by  the  combined  effect  of 
printing  and  mercerizing,  or  printing  and  embossing.  Only  one  side  of 
the  cloth  IB  usually  printed,  but  occasionally  both  sides  are  printed,  either 
by  passing  through  two  different  machines,  or  a  special  machine  arranged 
so  as  to  print  both  sides  at  the  same  time. 

The  textile  printing  process  proper  is  of  a  mechanical  nature,  but  the 
preparation  of  the  various  printing  pastes  or  colors,  as  they  are  called  in 
the  works,  the  methods  of  applying  them  and  their  actual  fixation  upon 
the  fiber  involve  a  greater  number  of  chemical  principles  and  a  greater 
variety  of  dyestuEFs  and  chemicals  than  any  other  branch  of  textile 
coloring. 

Cylinder  or  Roller  Printing.  At  the  present  time  the  cylinder  or  roll 
printing  machine,  which  originated  in  England  during  the  latter  part  of  the 
18th  Century,  is  vised  almost  exclusively  for  textile  printing.  Although 
its  mechanism  has  been  greatly  improved  and  its  range  of  possibilities 
wonderfully  extended  since  its  introduction,  the  principle  involved  remains 
the  same,  namely:  the  passing  of  the  cloth  which  is  to  be  printed,  under 
some  tension,  and  very  great  pressure  between  an  engraved  (intagUo) 
metal  roll  (usually  copper),  the  engraving  of  which  is  filled  with  color 
paste,  and  a  large  cyUnder  which  is  well  padded  with  an  elastic  covering. 

Printing  Proper  and  Application  of  Color.  The  modem  textile  printing 
machine,  especially  one  intended  for  printing  a  number  of  different  colors 
at  the  same  time,  is  complicated  and  can  only  be  properly  handled  by  one 
who  is  acquainted  with  all  its  parts  and  who  has  had  long  experience  in 
its  use. 

To  give  anything  like  a  complete  description  of  the  intricacies  of  such 
a  printing  machine,  or  discuss  the  many  precautions  and  rules  which 
must  be  followed  in  its  use  is  beyond  the  purpose  of  the  present  considera- 
tion. An  attempt  will,  however,  be  made  to  explain  the  principles  involved 
in  its  use. 

Brief  Description  of  Printing  Process.  By  studying  Fig.  361,  which 
represents  a  one-color  machine  in  cross-section,  the  general  principles  of 
textile  printing  by  means  of  the  roller  printing  machine  will  be  apparent: 

E  R  represents  the  engraved  printing  roll  which  bears  (sunken  below 
the  surface)  the  design  to  be  printed. 

C  B  represents  the  color  box,  pan  or  trough  which  holds  the  color 
paste  that  is  to  be  printed  upon  the  cloth. 

F  represents  the  color  furnisher,  which  consists  of  a  revolving  cylindri- 
cal brush  or  felt  covered  rail,  half  of  which  is  immersed  in  the  color  paste. 
It  revolves  parallel  to  the  printing  roll  with  which  it  is  brought  in  contact 
under  sufiicient  pressure  to  completely  fill  the  engraving  of  the  roUer  with 
the  color  paste. 

The  printing  roll  revolves  in  the  direction  indicated  by  the  arrow 
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head  and  the  excess  of  color  is  removed,  and  the  unengraved  portion  of  the 
roller  scraped  perfectly  clean  by-the  color  doctor  C  D  which  consists  of 
a  metal  blade  (usually  steel)  with  a  very  accurately  ground  edge. 

The  printing  is  accomplished  at  the  nip  {N)  between  the  printing 
roll  and  the  pressure  bowl  or  roll  P  B.  This  pressure  roll  consists  of  a 
large  cylinder  covered  with  a  number  of  thicknesses  of  so-called  lapping 
which  furnishes  an  elastic  and  springy  back  for  the  cloth  that  is  being 
printed.  The  pressure  between  the  printing  roll  and  the  pressure  roll  is  so 
great  that  the  cloth  to  be  printed  is  practically  forced  into  the  depths  of  the 

f 


engraving  by  the  expansive  force  of  the  lapping,  as  well  as  of  the  blanket 
and  back  cloth  which  are  always  run  between  the  cloth  and  the  pressure 
roll.  The  color  is  thus  extracted  by  the  cloth  from  the  engraved  portion 
of  the  roll,  while  that  portion  of  the  cloth  coming  in  contact  with  the  un- 
engraved portion  of  the  roll,  from  which  the  color  has  been  removed  by 
the  color  doctor,  remains  unprinted. 

The  lint  doctor  L  D  is  similar  in  construction  to  the  color  doctor 
but  is  located  upon  the  opposite  side  of  the  print  roU.  Its  object  is  to 
remove  lint  and  threads  as  well  as  any  particles  of  partially  dried  color 
paste  which  might  be  carried  into  the  color  box. 
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After  leaving  the  priotiDg  machine  the  printed  cloth  is  passed  as 
quickly  as  possible  to  the  dryer.  . 

Styles  of  Printing.  When  the  term  style  ia  used  in  relation  to  textile 
printing  the  term  refers  to  the  chemist's  or  colorist's  part  of  the  work, 
rather  than  the  artistic  or  mechanical.  The  designer  and  engraver  may 
determine  the  exact  detail  of  the  design,  and  perhaps  the  color  combina- 
tions desired,  but  it  still  remains  for  the  chemist  or  colorist  to  determine 
just  how  such  colors  and  desired  effects  can  be  produced  upon  the  cloth, 
and  it  is  the  particiilar  operation  or  series  of  operations  producing  the 
effect  which  the  printer  designs  as  style. 

There  are  a  dozen  or  more  difTerent  styles  used  in  textile  printing  of 
which  the  following  are  among  the  more  important: 

1.  Direct  printing  style. 

2.  Pigment  style. 

3.  Steam  style  with  tannic  mordant. 

4.  Steam  style  with  metallic  mordant. 
6.  Madder  or  dyed  style. 

6.  Ingrain  or  developed  azo  style. 

7.  Discharged  dyed  style. 

8.  Discharged  mordanted  style. 

9.  Resist  style. 

Style  I.  Direct  Printing.  The  term  direct  printing  style  has  been 
used  differently  as  well  as  vaguely  by  various  authorities  on  printing. 
Some  include  the  printing  of  pigment  and  basic  colors,  as  well  as  mordant 
colors  under  this  heading,  and  as  a  matter  of  fact  it  might  rightly  be 
said  that  every  printing  process  involved  direct  printing. 

To  avoid  confusion,  however,  and  to  make  our  classification  of  styles 
as  complete  and  concise  as  possible,  we  shall  designate  as  direct  printing 
only  the  printing  with  such  dyestuffs  as  have  a  direct  or  self  affinity  tor 
the  fiber  without  undergoing  any  chemical  change  or  requiring  any  special 
solvent  or  reducing  agent  as  is  the  case  with  the  sulphur  colors  and  indigo 
and  its  derivatives. 

The  direct  printing  style  from  this  point  of  view  includes  only  the 
printing  or  direct  cotton  colors,  upon  vegetable  fibers  and  direct  cotton, 
basic,  phthalic  anhydride  and  acid  colors  upon  wool  and  silk. 

The  dyestuff  is  prepared  with  the  necessary  thickeners  and  sometimes 
with  the  addition  of  certain  assistants  which  aid  in  the  penetration  and 
fixation  of  the  dyes.  Very  little  direct  printing  is  done  upon  cotton,  as  the 
only  dyestuffs  at  all  suitable  are  the  direct  cotton  colors,  and  they  cannot 
be  used  to  any  extent  on  account  of  their  property  of  bleeding. 

With  wool  and  silk  direct  printing  is  depended  upon  very  largely. 

Style  II.  Pigtnent  Style.  This  consists  in  printing  directly  upon  the 
material  some  pigment  in  a  very  finely  divided  condition  in  conjunction 
with  some  adhesive  substance  which  will  hold  it  fast  to  the  fiber.    Albumen 
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is  commonly  used  for  an  adhesive  as  its  property  of  coagulating  renders  it 
especially  suitable  for  tJie  purpose.  It  is  readily  soluble  in  water  at  ordi- 
nary temperatures  and  can  be  uniformly  incorporated  into  a  printing  past« 
with  the  desired  pigment  and  the  necessary  thickeners.  After  printing, 
the  cloth  is  subjected  to  a  steaming  process  during  which  the  albumen 
coagulates  to  a  very  insoluble  form  which  firmly  holds  the  pigment  upon 
the  fiber. 

Style  III.  Steam  Style.  Tannin  Mordani.  This  consists  in  printing 
upon  the  material  a  color  paste  containing  a  basic  dyestuff,  tannic  acid, 
and  some  volatile  acid,  usually  acetic,  but  less  frequently  formic  acid, 
together  with  a  small  amount  of  some  non-volatile  oi^anic  acid,  usually 
tartaric. 

After  printing  the  cloth  is  steamed  and  then  passed  through  a  solution 
of  some  antimony  compound,  containing  chalk  in  suspension,  which  cona- 
pletes  the  fixation  of  the  color.  The  whole  process  is  foUowed  by  a  thor- 
ough soaping. 

Style  IV.  Steam  Style.  Metallic  Mordani.  This  style  is  produced 
by  using  a  printing  paste  which  contains  a  mordant  color,  some  metallic 
mordanting  principle,  usually  a  small  amount  of  some  organic  acid,  and 
the  proper  thickeners.  The  mordanting  principle  used  must  be  of  such 
a  character  as  to  readily  undergo  decomposition  during  the  steaming  process 
which  follows  the  printing,  thus  producing  a  metallic  mordant  which  will 
imite  with  the  mordant  color  and  produce  an  insoluble  color  lake. 

Style  V.  The  Madder  or  I>yed  Style.  The  madder  or  dyed  style  is 
produced  by  first  printing  upon  the  material  some  metallic  mordanting 
principle  which  will  readily  liberate  the  actual  mordant  when  the  cloth 
is  subsequently  aged  or  steamed.  The  fixation  of  the  mordant  is  completed 
by  a  dunging  process.'  The  cloth  thus  printed  and  prepared  is  dyed  with 
a  mordant  color  which  unites  with  the  mordant  abeady  present,  producing 
a  definite  pattern. 

Style. VI.  Ingrain  or  Developed  Azo  Style.  With  this  style  no  actual 
dyestuEf  is  used  in  any  portion  of  the  process,  but  the  final  result  is  the 
development  of  an  insoluble  azo  color  upon  the  fiber. 

Two  reds,  para  red,  a  bright  red  similar  to  Turkey  red;  and  alpha- 
naphthylamine  red,  a  claret  color;  are  used  almost  exclusively  for  this 
style.  The  former  by  printing  diazotized  para-nitraoiline  and  the 
latter  diazotized  alpho-naphthylamiue  upon  cloth  previously  prepared 
with  beta-naphthol. 

Style  VII.  Discharge  Dyed  Style.  In  the  production  of  the  dis- 
charged dyed  style  the  material  is  first  dyed  all  over  usually  by  the  pad- 
ding process,  or  in  the  jig  dyeit^  machine  and  less  frequently  in  the  ordi- 
nary string  dyeing  machine.  Upon  the  cloth  thus  dyed  there  is  printed 
the  so-called  discharge  which  is  a  printing  paste  carrying  some  substance 

'  The  modem  dunging  process  consists  in  passing  the  cloth  throu^  a  batlt  contain- 
ing such  alktdine  fixing  agents  as  chalk,  sodium  phosphate  and  silicate. 
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capable  of  completely  destroying  or  decolorizing  the  dyestuff  already 
present, 

A  perfectly  colorless  figure  may  thus  be  produced  upon  a  colored  ground, 
or  it  is  possible  to  introduce  Into  the  discharging  paste  some  dyestufif 
which  is  not  affected  by  the  decolorizing  agent,  thus  producing  a  colored 
figure  upon  a  different  colored  ground. 

Style  VIII.  Discharged  Mordant  Style.  This  consists  in  first  mor- 
danting the  cloth,  then  discharging  the  mordant  by  printing  upon  it  the 
proper  discharge,  and  subsequently  dyeing.  There  are  two  quite  differ- 
ent types  of  this  style,  one  in  which  a  tannin  mordant  is  discharged  by 
printing  on  a  caustic  soda  paste  and  steaming,  the  material  then  being 
dyed  with  a  basic  color  and  another  in  which  a  metallic  mordant  is 
discharged  by  printing  on  some  organic  acid,  aging  and  then  dyeing 
with  a  mordant  color. 

SlyU  IX.  Resist  Style.  As  with  the  dischaige  style  the  object  of 
the  resist  style  is  to  produce  a  white  or  colored  pattern  upon  a  different 
colored  ground,  The  appearance  of  the  two  styles  may  be  identical  in 
some  instances  and  the  chemistry  involved  in  their  production  may  be 
the  same.  The  difference  between  the  two  lies  in  the  fact  that  the  color 
destroying  agent  is  first  printec)  upon  the  cloth  and  when  the  dyestufif  is 
subsequently  applied  absorption  and  fixation  of  color  is  prevented  upon  the 
printed  portions.  Colored  resists  may  be  produced  by  introducing  into 
the  printing  paste  a  color  not  affected  by  the  resisting  agent. 
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CHAPTER  XLIV 
THE  PAPER  INDUSTRY 


Paper  Expert,  Weitmood,  Mau. 


ffistorical.  The  making  of  paper  is  one  of  the  oldest  of  the  arts.  There 
has  been  found  rolls  of  papyrus  made,  about  6000  yeara  ago,  by  the  ancient 
Egyptians  out  of  the  papyrus  plant,  a  reed  that  grows  to-day,  wild,  along 
the  banks  of  the  Nile.  The  Chinese,  from  whom  the  Europeans  received 
their  early  instruction  in  the  art,  made  paper  from  the  inner  bark  of  the 
mulberry  tree  upon  which  they  made  records  of  incidents  that  they  deared 
to  preserve  for  posterity. 

Parchment  made  of  the  skins  of  animals  was  also  used  for  many 
years  for  records.  Erasures  of  old  records  were  common,  so  that  the 
parchment  might  be  used  again  ir  order  to  save  the  cost  of  buying  it  anew. 
The  chemist,  in  a  number  of  instances,  has  reproduced  successfully  these 
older  records  thus  bringing  to  light  some  very  valuable  writings.  Probably 
on  account  of  the  ease  of  making,  using,  carrying  and  handling  these 
parchment  rolls  they  came  into  general  use. 

Until  about  the  year  1800,  paper  was  made  out  of  cotton  and  linen 
rags,  using  the  crudest  of  machinery  and  producing  what  is  called  "  hand* 
made  paper."  Awakening  along  inventive  lines  in  this  art  seems  to  have 
started  somewhat  before  that  time,  as  we  have  accounts  published  in 
1765,  su^esting  the  making  of  vegetable  tissue  into  pulp  and  bleaching 
it  into  paper  stock.  Straw,  wood,  bark,  hornet's  nests,  hopvines,  cab- 
bage-stumps, thistle  stalks,  burdock,  and  peat  were  all  mentioned  aa 
suitable  material  for  this  purpose. 

To-day  for  raw  stock  we  use  cotton  and  linen  rags,  wood  fibers,  sti4,w8, 
old  ropes,  jute,  etc.,  to  a  limited  extent.  Many  other  vegetable  fibers 
are  also  used.  The  varieties  of  paper  and  allied  products  are  too  numerous 
to  attempt  to  describe  individually  in  a  small  chapter.  Determination  of 
the  different  fibers  is  accomphshed  by  aid  of  the  microscope  and  the  chem- 
ical reagents  which  are  described  by  Cross  and  Bevan,  Herzberg,  H5hnel 
as  well  ■  as  other  authors  and  investigators.  In  general,  each  fiber  has 
some  peculiarity  of  construction  or  reaction  by  which  it  can  be  separated 
and  accuratelv  determined.    Exhaustive  work  in  microohotography  has 
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furnished  excellent  descriptions  that  can  be  easily  followed  in  making 
examinations  of  unknown  fibers. 

Raw  Material.  At  the  present  time  the  manufacture  of  paper  has 
two  principal  bases  of  supply.  One  of  these  b  cotton  and  linen,  the  other 
is  wood.     Out  of  rags  is  made  the  highest  grades  of  paper. 

Immense  quantities  of  wood  is  made  into  paper  by  grinding  (see 
Mechanical  Process)  and  by  chemical  treatment  (see  Soda  Process,  Sul- 
phite process,  Sulphate  Process) .  Straws  of  different  kinds  as  rye,  wheat, 
rice,  yielding  a  short,  weak  fiber,  and  flax,  yielding  a  long  strong  fiber,  are 
converted  into  paper  stock  by  chemical  processes,  generally  a  modifica- 
tion of  the  caustic  soda  treatment.  Jute,  hemp,  manila  (one  of  the  strong- 
est fibers),  sisal,  New  Zealand  tow,  esparto  and  similar  fibers  are  also  gener- 
ally cooked  in  rotary  dig^ters  under  the  caustic  soda  treatment,  as  are 
cotton-seed  hull  linters,  cotton  stalks,  com  stalks  (giving  interesting  by- 
products of  cattle  food) — and  many  others  when  Uiey  can  be  made  to 
yield  a  fiber  at  a  profit. 

Rag  Paper.    AU  linen  and  cotton  rags  can  be  converted  into  different 
grades  of  paper  according  to  the  kind  and  color  of  the  rags.    Great  care  " 
is  used  in  sorting  rags  before  delivery  to  the  paper  mill  so  as  to  get  a  uni- 
form kind  of  rags  of  the  same  color.     Buttons,  pieces  of  metal,  sticks, 
stones,  rubber  and  all  foreign  articles,  must  be  removed. 

The  treatment  of  rags  in  the  mill  is  as  follows:  The  rags  are  delivered 
at  the  mill  in  strap  iron  bound  bales  about  3  ft.  square  and  5  ft.  long. 
Often  several  hundred  tons  and  sometimes  two  or  three  thousand  tons 
are  kept  on  hand. 

The  rags  in  bales  as  demanded  for  use,  are  taken  to  the  ragroom  where 
the  bales  are  opened  by  women  who  make  the  final  sorUng,  inspection 
and  cutting.  The  finest  sort  goes  into  the  best  of  writing  paper.  From 
this  high  standard  to  the  pasteboard  and  cheapest  wrappers  are  many 
grades  supplied  by  the  different  quality  of  rags. 

A  scythe  shaped  knife  is  fastened  in  a  vertical  portion  to  a  table  by 
which  the  operator  cuts  the  rags  line  or  coarse,  and  also  separates  out  all 
foreign  matter  that  may  be  seen.  At  this  stage  the  rags  pass  to  the 
mechanical  rag  cutters  that  cut  them  up  into  small  pieces  so  that  the 
Duster  through  which  they  next  pass  can  remove  much  of  the  loose  dirt. 
These  machines  dust  out  oftentimes  five  per  cent  or  more  of  the  weight 
of  the  rags  and  also  open  them  up  so  that  the  chemicals,  milk  of  lime  or 
soda  ash,  in  the  votaries  or  cookers  into  which  they  next  are  placed  can 
better  penetrate  and  act  upon  them. 

Rag  Boilers.  Rag  boilers  are  of  several  types.  The  stationary 
upright  cylinders  are  provided  with  a  manhole  on  top  for  filling,  the  cover 
to  which  is  bolted  on  or  held  up  by  yoke  and  bolts.  By  the  opening  of  a 
valve,  at  the  bottom,  the  contents  are  blown  out,  due  to  the  pressure 
(generally  about  30  to  50  lbs.)  maintained  for  six  to  ei^t  hours  during 
the  cooking. ,  Steam  for  cooking  is  admitted  at  the  bottom  and  the 
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liquor  circulated  by  an  outside  pump  or  by  an  injector  inside  the 
digester. 

Rotaries  are  horizontal  cylindrical-shaped  steel  tanks  10  to  20  feet 
long  and  6  to  8  feet  in  diameter  with  heads  riveted  on  each  end,  each 
bead  having  a  journal  upon  which  it  rests  and  is  turned  during  the  cook- 
ing process.  Hence  the  name  "  Rotary,"  Through  one  of  these  journals 
steam  enters  for  cooking.  The  rotary  may  have  one  or  two  manholes 
with  covers  affixed,  as  in  the  upright,  for  filhng  in  the  stock.  During 
the  filling  men  go  into  the  "  Rotaries  "  and  pack  the  stock  into  the  ends 
so  as  to  get- in  enough  to  properly  fill  the  boiler. 

Rag  Boiling.  The  chemicals,  a  certain  nujnber  of  gallons  of  a  solu- 
tioa  of  caustic  soda  or  soda  ash  and  caustic  lime,  or  a  milk  of  lime  made  by 
slacking  and  boiling  caustic  lime  in  water  are  added.  In  all  cases  where 
lime  is  used  it  should  be  strained  in  order  to  remove  unslacked  parts 
before  being  passed  into  the  cooker.  When  the  liquor  is  all  in,  the  covers 
are  adjusted  and  the  steam  turned  on.  The  pressure  generated  (gen- 
erally 15  to  30  lbs,  to  50  lbs,)  and  the  chemicals  reduce  the  foreign  matters, 
duch  as  grease,  loading  materials,  dirt,  etc.,  and  open  up  the  fibers  so  that 
in  the  next  operation  of  beating  they  can  be' perfectly  cleaned  and  reduced 
to  the  desired  length.  Some  manufacturers  blow  off  the  cooking  hquoi 
of  the  rotaries  and  run  in  fresh  water  to  wash  the  stock  in  the  rotaries, 
but  generally  the  stock  is  dumped  as  soon  as  cooked  and  pressure  lowered 
by  removing  the  covers  of  the  manholes.  Sometimes  the  stock  is  allowed 
to  stay  in  piles  for  several  days  in  order  to  ripen  after  it  is  cooked.  It 
is  eventually  taken  to  the  beater  engine. 

Beater  Engine.  This  is  a  Holland  invention,  sometimes  called  a 
Hollander,  for  washing,  beating  and  reducing  the  fibers  of  the  paper  stock 
made  in  various  shapes  and  sizes.  The  following  is  a  general  description 
of  a  type:  The  beater  engine  is  an  oval-shaped  tub  about  20  feet  long  by 
about  3  feet  high  by  about  8  feet  wide.  It  is  made  of  wood  or  iron  shell 
with  floor  of  wood  or  cement  and  is  often  lined  throughout  with  copper, 
A  partition,  the  "  Midfeather,"  extends  as  far  as  the  rectangular  part  of 
the  body.  A  beater  roll  4  lo  5  feet  in  diameter  with  heavy  knives  par- 
allel to  the  shaft  is  fitted  into  its  face  and  is  suspended  in  one  of  the  divi- 
sions nearly  filling  it.  This  roll  can  be  raised  or  lowered,  by  the  beater 
man,  nearly  onto  the  bedplate,  which  is  a  number  of  steel  plates  standing 
on  e^ea  bolted  together.  The  raising  or  lowering  of  the  roll  determines 
the  ultimate  length,  and  in  a  great  measure  the  condition  of  the  fiber  when 
finished.  Between  the  roll  and  the  bed  plate  all  of  the  stock  must  pass. 
The  circulation  of  the  stock  around  the  beater  is  given  by  the  roll  which 
acts  as  a  paddle  wheel.  While  the  stock  is  washing,  clean  water  is  added 
at  one  side  of  the  roll.  This  is  thoroughly  mixed  with  the  stock  as  it  passes 
under  the  roll  and  on  the  other  side  a  revolving  drum  washer  with  a 
fine  wire  on  its  face  is  pressed  into  the  pulp.  The  dirty  water  is  thereby 
removed  from  the  stock. 
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ThiB  process  is  continued  until  the  stock  is  clean,  during  which  time 
there  is  but  little  cutting  done  by  the  roll  or  bed-plate  (as  the  roll  is  raised). 
At  this  point  the  stock  is  often  bleached  in  the  beater  by  means  of  a  solu- 
tion of  calcium  hypochlorate,  generally  called  bleach.  This  bleach  is 
made  by  mixing  common  bleaching  powder  with  water  preferably  in 
concrete  tanks,  in  a  aeries  of  three  or  four,  in  order  that  the  bleach  may  be 
mAde,  settled,  and  the  sludges  washed  to  a  final  test  of  about  )°  B£.  when 
it  (the  sludge)  can  be  thrown  away;  using  the  clear  washing  liquors  to 
build  up  or  to  mix  the  bleaching  liquor  for  the  right  test.  Only  a  clear 
bleach  solution,  testing  about  4°  to  5°  B€.,  should  be  used.  Heating  the 
stock  carefully  ia  frequently  done,  to  hasten  the  bleaching,  especially  in 
the  continuous  bleaching  systems.  It  demands  close  attention  to  prevent 
burning  and  rotting  the  stock.  Only  a  clear  bleach  solution,  testing  about 
4  to  5°  B£.,  should  be  used.  When  bleached  to  the  requisite  color  the 
stock  is  either  dumped  to  a  drainer  to  finish  the  bleaching  or  to  be  thor- 
oughly washed;  or  it  is  washed  in  the  beater  by  the  addition  of  more  water 
and  often  some  antichlor  is  added  to  hasten  the  kiUing  of  the  bleach. 
Washing  is  kept  up  until  these  chemicals  are  washed  out,  then  the  roU  is 
gradually  lowered  and  the  pulp  is  reduced  to  the  proper  condition.  When 
nearly  "  ready  "  the  required  color,  if  any,  is  put  into  the  beater,  then  me, 
if  it  is  to  be  engine  sized,  ia  added.  The  size  ia  made  with  soda  ash  about 
one  part,  rosin  about  four  parts,  dissolved  and  thoroughly  boiled  in  water, 
well  diluted,  and  then  alum  introduced  to  set  the  sizing  onto  the  fibers. 
The  stock  is  run  in  the  beaters  a  short  time  and  then  dropped  into  the  stuff 
chest,  where  it  is  kept  well  stirred  until  it  is  wanted  on  the  paper 
machine. 

Jordan  Engine.  In  its  passage  to  the  machine  the  stock  is  generally 
run  through  a  Jordan  enjpne  that  reduces  its  fibers  to  final  readiness  for 
the  sheet  of  paper.  This  engine  is  a  cone-shaped  plug,  about  4  feet  long, 
made  up  of  steel  bars  and  hard  wood,  that  fits  into  an  iron  sleeve  or  hoU 
low  cone  made  to  receive  it,  being  lined  with  a  filling  similar  to  that  on  the 
plug.  Through  this  Jordan  all  the  stock  passes  and  by  the  closeness 
of  the  plug  to  the  sleeve  the  stock  is  finally  reduced  to  the  proper  con- 
dition for  the  machine,  It  is  then  sent  to  the  machine  stuff-chest  from 
which  it  is  pumped  to  the  flow  box  where  the  right  quantity  of  water  is 
added  to  make  it  flow  properly  through  the  screens.  The  screens  remove 
all  particles  too  coarse  to  go  into  a  sheet  of  paper.  The  stock  passing 
through  the  slots,  which  are  generally  about  i^  of  an  inch  in  width, 
drop  to  the  apron  and  theit  onto  the  wire  of  the  machine,  if  it  is  a  Four- 
drinier. 

Robert  Patent  In  about  the  year  1799  Robert  took  out  a  patent  in 
France  on  a  machine  making  endless  paper.  Not  being  successful,  there 
he  associated  with  him  in  London  Fourdrinier.  They  spent  {300,000, 
which  at  that  time  meant  more  than  it  does  now,  in  their  endeavors  to 
put  into  general  use  their  machine.    They  were  never  financially  rewarded. 
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but  their  machiDe,  "  The  Fourdrinier,"  revolutionized  paper  making, 
(^eating  a  foundatioD  upon  which  haa  been  built  the  ninth  largest  industry 
of  the  United  States  to-day. 

-'J'ourdTiaier  Machine.  Paper  may  be  made  on  the  Fourdrinier  type 
with  a  wire  at  the  wet  end  upon  which  to  form  the  sheet;  the  Harper 
tj-pe  with  felt  and  wire,  or  the  cylinder  machines.  The  difference  being 
principally  at  the  wet  end,  where  the  paper  is  formed.  The  drying  ends 
are  as  a  rule  similar.  The  cylinder  machines  have  from  one  to  ax  vats 
with  cylinders  in  each,  making  a  sheet  of  paper  that  is  laid  on  the  next 
in  front  so  that  when  finally  they  go  to  the  felt  it  is  a  built-up  sheet  of 
one,  two  or  more  sheets  of  paper  according  to  the  number  of  vats  used  to 
make  it.  When  dry  the  whole  sheet  can  be  spht  up  into  the  different  sheets 
it  is  made  out  of.  Much  of  the  heaviest  paper  is  made  on  this  machine, 
which,  however,  is  not  a  fast  running  one. 

The  paper  machine  in  general  use  for  news  and  many  other  kinds  of 
paper  as  well  as  rag  is  the  "  Fourdrinier,"  which,  while  it  does  not  make 
as  thick  a  sheet  as  the  others,  can  make  hght  as  well  as  medium  weights 
eaeder,  change  quicker,  run  faster  and  produce  a  good  tonnage. 

The  wire  of  the  Fourdrinier  machine  is  made  endless,  i.e.,  its  ends  are 
woven  together  so  that  it  will  pass  around  the  rolls  like  an  endless  belt 
and  it  is  stretched  out  like  a  horizontal  oblong  table.  It  is  supported 
by  a  series  of  brass  rolls  at  inter\'als,  as  demanded  by  the  work  to  be  done. 
Its  width  varies  from  36  to  200  inches,  the  length  varying  in  due  propor- 
tion. A  rubber  deckel  strap  about  2  inches  square  runs  at  each  side  to 
hold  the  pulp  and  water  on  the  wire,  also  by  the  moving  in  or  out  of  the 
deckel  straps,  the  width  of  the  sheet  can  be  changed  to  meet  the  demand. 
The  proportions  of  these  parts  are  such  that  the  sheet  of  paper  can  remain 
on  the  wire  long  enough  to  get  rid  of  its  superfluous  water  by  draining 
through  the  wire,  by  squeezing  out  water  in  passing  between  presses, 
couch  rolls,  over  suction  boxes,  etc. 

This  wire  is  one  of  the  most  important  and  costly  parts  of  the  machine. 
Its  condition  means  the  appearance  of  the  sheet  of  paper.  Great  care 
is  taken  to  keep  knots  of  stock,  stray  pieces  of  iron  or  wood  or  any  hard 
foreign  matter,  off  the  wire  as  a  puncture,  atear,  or  any  damage  to  it  means 
a  shut  down  of  the  machine  until  it  is  made  as  nearly  perfect  as  possible. 
The  wire  must  be  kept  clean  so  that  the  water  can  freely  pass  through 
it  anywhere.  Should  it  plug  up,  the  stock  is  shut  off  and  the  plugs  cleaned 
off,  as  a  thin  spot  in  the  sheet  of  paper  would  show  each  time  the  spotted 
section  carried  the  sheet  along.  The  sewing  of  the  wire  is  a  delicate 
piece  of  work  and  must  be  done  so  as  to  match  the  weave  of  the  wire, 
and  not  leave  a  mark  on  the  sheet  of  paper.  The  sheet  of  paper  is  fully 
formed  on  the  wire.  While  in  the  forming  state  the  fibers  of  the  sheet 
are  felted  together  by  the  shaking  motion,  which,  although  a  very  short 
stroke,  in  itself  seems  to  make  a  felting  of  fibers  that  distinguish  a  tough 
Fourdrinier  made  sheet  from  a  cylinder  made  sheet,  wherein  the  fibers  all 
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run  in  about  the  same  direction.  There  is  also  often  a  dandy  roll  that 
places  a  name  or  figure  in  the  paper,  such  as  one  can  see  when  it  is  held 
up  to  the  light.  This  stamps  the  name  into  the  sheet  of  paper  while 
it  is  wet  and  is  sometimes  called  a  "  watermark."  With  all  this  manipula- 
tion two-thirds  of  the  weight  of  the  sheet  of  paper  iiefore  going  to  the 
steam  dryers  is  water. 

At  the  end  of  the  wet  end  nearest  the  dryers  is  the  last  press  through 
which  the  wire  passes.  The  sheet  of  paper  will  now  be  welt  formed  and 
leave  the  wire  and  stick  to  the  surface  of  the  top  roll.  A  sharp-edged 
scraper,  called  a  doctor,  prevents  the  sheet  from  pa-ssing  entirely  around 
the  press.  At  this  point  the  back  tender  strips  off  the  roll  a  2-  or  4-inch 
wide  piece  and  carries  it  across  the  gap  to  the  first  drjer.  As  the  speed 
of  the  machine  is  from  60  to  600  feet  a  minute  for  this  sheet  <rf  paper 
much  dexterity  is  required  at  this  place.  A  man  stands  at  the  press  roll, 
gradually  working  the  strip  that  he  started  tearing  off  at  the  end  of  the 
press,  across  to  the  other  end,  making  a  diagonally  cut  sheet  that  event- 
ually grows  from  the  2-inch  wide  strip  to  one  the  full  width  of  the  sheet 
of  paper. 

The  dryers  are  steam  heated  hollow  cast  iron  cylinders  3  or  4  feet 
or  more  in  diameter  with  a  width  of  from  36  to  200  inches  as  the  machine 
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may  be  built,  placed  one  above  the  other  as  shown  in  Fig.  362.  A 
strong  cotton  duck  drj-er  felt  is  held  up  to  the  bottom  dryers  by  rollers 
in  OTder  to  hold  the  wet  sheet  up  to  the  hot  surface.  The  sheet  of  paper 
go&  about  two-thirds  around  the  bottom  dryer,  up  and  over  to  the  top 
dryer  where  it  comes  into  contact  with  as  much  of  that  surface  as  it  can 
and  drops  down  to  the  second  bottom  dryer.  This  is  repeated  until  it 
has  come  into  contact  with  all  of  the  dryers  of  the  machine  (ten  or  sixty, 
accordii^  to  the  make),  when  it  leaves  the  machine  and  is  passed  by 
hand  to  the  reel  or  up  to  the  top  pair  and  down  between  the  others  of  a 
stack  of  calender  rolls  between  which  it  is  run  to  smooth  or  polish  the 
surface  of  the  sheet.  From  the  calender  (Fig.  363)  it  pas-acs  to  the 
reels;  from  the  reels  through  the  slitters  that  cut  the  sheet  into  the  width 
desired. and  then  to  the  winders  where  it  is  wound  up  into  rolls.  When 
demanded  these  rolls  are  taken  to  an  apparatus  called  a  super-calender, 
where  the  surface  of  the  sheet  is  further  polished  by  running  between 
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heavy  ateel  rolls,  and  then  it  goes  to  the  cutiera,  where  it  is  cut  up  into  any 
Edze  of  sheets  deimmded.  From  the  cutters  it  goes  to  the  counters. 
These,  who  are  generally  girls,  count  out  the  sheets  into  12, 24  or  500  sheeta 
ready  for  the  finisher  and  packers  who  make  up  the  packages  of  paper 
as  they  are  ordered  for  the  trade. 

Wood  Paper.  Wood  paper  is  made  principally  from  logs  from  the 
woods  where  the  trees  are  felled  and  cut  up.  They  are  either  floated  by 
river  or  taken  by  railroad  to  the  mill  if  to  be  converted  into  paper. 
Many  mills  are  located  contiguous  to  a  saw  mill  in  order  to  use  the  waste 
therefrom  to  help  out  the  supply  of  wood.  From  the  different  varie- 
tiea  of  spruce,  pine,  fir,  hemlock,  poplar,  and  other  woods,  we  obtain 
practically  all  of  our  newspaper,  nearly  all  even  of  our  book  paper,  and  a 
large  portion  of  our  writing  papers. 

On  the  arrival  of  the  wood  at  the  mill,  if  it  is  to  be  chemically  treated, 
it  is  generally  piled  up  so  that  it  may  dry;  it  is  allowed  to  thus  seasoniu 
the  pile  for  one,  two  or  perhaps  three  years.  This  seasoned  wood  loses 
much  of  its  sap  and  water  and  requires  less  chemicals  to  convert  it  than 
the  green  wood  directly  from  the  forest.  For  the  mechanical  pulp  a 
fresh  green  wood  produces  better  fiber  and  is  easier  ground  up  than  the 
dry  seasoned  wood.  For  any  of  the  treatments  the  bark  must  be  removed, 
which  is  done  by  a  machine  called  a  barker  or  by  the  band  draw-ebave. 

In  the  wood  paper  industry  the  principal  methods  of  treating  wood 
to  produce  fiber  are  by  grinding,  producing  ground  wood  or  mechanical 
fiber,  and  cooking  by  either  the  caustic  soda,  the  sulphite  or  the  sulphate 
process. 

Mechanical  Process.  The  mechanical  process  consists  of  placing 
blocks  of  wood  about  18  inches  long  in  apertures,  called  pockets,  of  a  heavy 
cast-iron  frame  that  encases  a  large  grindstone.  This  grindstone  revolves 
at  about  200  revolutions  per  minute,  a  stream  of  water  plays  ag^nst  its 
face  to  keep  the  wood  from  burning,  as  it  is  pressed  against  the  face  by 
hydrauUc  pressure  of  about  30  pounds.  The  result  of  this  is  the  reductaon 
of  the  wood  to  a  fine  pulpy  mass,  which  is  called  mechanical  pulp  or  ground 
wood.  This  is  floated  by  water  on  to  a  coarse  screen  by  which  the  pieces 
of  wood  that  have  not  been  ground  up  are  removed.  The  pulp  goes  to 
a  fine  Bcreen  through  which  the  mechanical  pulp,  that  is,  the  i^ht  kind 
to  go  into  the  making  of  newspaper  or  other  papers,  passes.  This  pulp 
now  goes  to  the  beaters  in  the  beater  room  to  be  mixed  with  sulphite  pulp 
or  other  stock,  according  to  the  grade  of  paper  it  is  desired  to  manufacture, 
and  from  the  beaters  goes  to  the  paper  machine,  as  described  under  Rag 
Paper,  or  to  a  wet  machine,  which  is  an  apparatus  for  getting  the  pulp 
into  a  state  dry  enough  to  handle.  The  Wet  Machine  is  a  wooden  vat 
6  feet  wide,  8  feet  long  and  5  feet  deep,  into  which  the  mixture  of  water 
and  ground  wood  is  pumped.  A  bronze  cylinder  about  3  feet  in  diameter 
by  6  feet  lot^,  covered  with  a  brass  wire  net  of  60-mesh,  is  inmiersed  in 
the  mixture  in  such  a  manner  that  the  water  passes  through  the  meshes 
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of  the  wire,  leaving  the  pulp  sticking  to  its  surface.  A  coarse  woolen 
blanket  called  a  felt,  is  pressed  against  the  cylinder  mold  by  a  heavy  couch 
roll.  The  blanket  automatically  picks  off  the  pulp  from  the  face  of  the 
cylinder,  carries  it  along  on  its  surface  over  a  auction  box  and  between 
heavy  press  rolls  that  extract  quantities  of  water  from  it  and  leave  it 
with  from  35  to  50  per  cent  of  pulp.  One  of  the  roUa  of  the  press  b  of 
hard  maple  wood  which  picks  the  pulp  from  the  blanket  when  it  comes 
it  contact  with  it.  As  the  press  roll  revolves  the  pulp  is  continuously 
added  to  it  from  the  blanket  until  the  sheet  is  thick  enough  in  the  judg- 
ment of  the  press  tender,  who  then  with  a  sharp  pointed  wooden  pin 
cuts  it  oft  by  pas^ng  the  point  under  the  sheet  close  to  the  \?ood  roll,  across 
the  face  of  the  roll.  The  sheet  of  pulp  is  rolled  off  on  a  table  folded  up, 
weighed  and  is  then  ready  for  shipment  or  stora^. 

Chemical  Ptdp  is  made  by  treatment  with  either  cauAic  soda,  bisul- 
phite liquors,  or  sulphate  hquora.  Soda  fiber  is  made  by  treating  pop- 
lar fmd  similar  wood  with  caustic  soda  in  digesters,  which  are  large  steel 
boilers.    This  process  was  put  into  practical  use  in  1875. 

Soda  Process.  The  caustic  soda  liquors  are  made  in  the  paper  mills 
using  this  method  by  dissolving  soda  ash  in  water,  and  to  this  solution 
adding  about  55  to  60  per  cent  of  freshly  burnt  pure  quicklime,  bringing 
the  mass  to  a  boil,  mixing  it  thoroughly  by  stirring,  then  allowing  the 
caldum  carbonate,  which  is  produced  by  the  reaction  with  the  soda  ash, 
to  settle  to  the  bottom.  The  clear  caustic  liquor  is  aphoned  off,  the 
lime  sludge  is  washed  two  or  three  times  with  water  to  remove  as  much 
of  the  caustic  soda  as  possible.  Attempts  have  been  made  to  reclaim  this 
lime  sludge  by  drying  it  and  rebuming  it,  but  this  is  seldom  done. 

Poplar  wood  and  kindred  species  are  principally  used  in  the  soda 
process,  as  they  yield  easiest  to  this  treatment,  requiring  a  smaller  amount 
of  caustic  soda  for  reduction  than  do  other  woods.  The  well-seasoned 
wood  from  the  piles,  where  it  has  lain  for  a  year  or  more,  is  brought  to  the 
mill  where  it  is  inspected  and  all  bark,  dirt  and  black  knots  removed,  as 
these  make  objectionable  color  and  dirt  in  the  pulp  and  paper.  These 
sticks  of  wood  are  then  taken  to  a  machine  called  a  chipper,  which  slices 
oB  the  wood  into  slices  similar  to  a  sliced  onion  that  break  into  chips  about 
j  inch  Icmg  by  1  inch  by  i  inches.  The  thickness  of  these  chips  will  gen- 
erally be  the  annual  growth  of  the  wood.  The  chips  are  screened  to 
remove  the  sawdust,  knots  and  coarse  pieces.  These  coarse  pieces, 
passing  through  a  re-chipper,  are  reduced  to  the  proper  sizes.  As  the  saw- 
dust produces  a  fiber  which  is  too  short  for  use  and  if  allowed  to  rem^n 
mixed  with  the  wood  would  consume  a  proportionate  amount  of  chem- 
icals, it  is  carefully  screened  out  and  is  used  for  fuel.  Many  experiments 
have  been  tried  for  the  utilization  of  sawdust  for  fiber  but  none  ha\s» 
proved  successful.  The  chips  are  stored  in  large  bins  by  conveyors  placed 
over  the  digesters  into  which  they  are  run  through  spouta  by  gravity. 
These  digesters  for  the  soda  process  are  made  of  steel  1  inch  thick  and  are 
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sometimes  50  feet  high  and  10  feet  in  diameter.\'  They  are  filled  full  of ' 
chips  and  then  is  added  a  certain  amomit  of  the  caustic  soda  solution  of 
a  density  of  8  to  10°  B6.,  according  to  the  character  cf  the  wood  to  be  cooked. 
When  filled,  the  cover  of  the  digester  is  bolted  down  and  steam  is  turned 
on  through  the  bottom.  In  the  soda  digesters  there  is  a  false  bottom 
which  allows  the  hot  liquor  to  pass  down  through  it.  There  is  generally 
an  ejector  under  this  false  bottom  through  which  ejector  steam  is  passed 
which  lifts  the  cooking  liquor  at  the  bottom,  carries  it  through  a  pipe  to 
the  top  of  the  digester  and  sprinkles  it  over  the  chips,  thus  making  a 
continuous  circulation  which  produces  thorough  cooking.  The  cooking 
of  the  chips  dissolves  everythii^  but  the  cellulose,  the  fibers.  When 
completely  cooked,  the  contents  of  the  digester  will  be  found  to  ha"c 
shrunk  one-quarter  to  a  third  of  its  bulk,  but  the  chips  retain  their  original 
form  at  this  point. 

A  cookii^  pressure  of  90  pounds  is  maintained  in  the  digesters  for  from 
dght  to  ten  hours  with  frequent  opening  of  the  relief  valve  at  the  top 
to  draw  off  gas.  A  sample  of  pulp  is  drawn  to  ascertain  if  the  wood  is 
properly  cooked.  When  the  operation  is  completed  a  valve  of  6  or  8 
inches  diameter  at  the  lower  part  of  the  digesters  is  opened  and  the  entire 
mass  is  violently  blown  out  of  the  digester  by  pressure  into  a  suitable 
receiving  tank.  This  violent  action  and  the  impact  of  its  contents  serves 
to  shatter  or  destroy  the  original  form  of  the  chips  and  a  pulpy  mass  of 
fiber  results.  The  liquor  which  has  been  employed  for  the  reduction, 
now  called  black  liquor,  is  carefully  drawn  off,  by  repeated  washing  with 
weaker  Uquors  or  water  in  the  wash  tanks,  evaporated  to  a  consistence 
of  35  to  40°  B^.  by  means  of  some  suitable  multiple-effect  evaporator. 
It  goes  now  to  a  rotary  furnace,  where  it  is  further  dried  and  the  tar 
and  other  wood  products  are  burned  up,  leaving  the  soda  mixed  with 
charcoal.  This  black  mass  is  called  "  black  ash,"  and  is  put  into  the 
tank.  The  soda  which  it  contains  is  leeched  out  and  is  iised  over  again 
with  addition  of  fresh  soda  ash  and  caustic  lime.  A  recovery  of  from 
85  to  90  per  cent  of  the  original  soda  ash  used  is  generally  obtained  and  this 
materially  reduces  the  cost  of  chemicals  employed.  The  profits  of  the 
mill  are  largely  dependent  upon  this  part  of  the  manufacture.  All  sods 
fibers,  when  cooked  and  washed  clean  from  the  cooking  liquors,  are  some- 
what colored  and  if  a  white  paper  is  desired  they  must  be  bleached  to  the 
desired  whiteness.  If  a  colored  paper  is  demanded,  the  color  desired  can 
be  made  in  many  cases  without  recourse  to  bleaching.  The  pulp,  when 
washed  clean,  is  passed  through  screens  which  remove  from  it  uncooked 
wood  and  coarse  matters  and  either  goes  to  the  beaters  where  it  is  mixed 
with  other  fibers  in  the  beaters  to  make  the  desired  grade  of  paper  or  it  is 
bleached,  if  required,  and  then  pumped  to  the  wet  machines  previously 
described,  to  put  into  condition  for  handling  in  shipment  or  storage.  Soda 
fiber  is  a  soft  stock  and  is  largely  used  in  the  better  magazine,  book  and  writ^ 
ing  paper  grades.     It  Js  of  a  soft,  spongy-Uke  feeling  to  the  fingers  and  is 
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a  quality  deaired  in  paper  used  for  books.  It  is  a  fiber  that  does  not  de- 
teriorate by  time  as  the  chemicals  that  have  produced  it  do  not  have  a 
rotting  effect  upon  it  unless  it  is  overbleached.  Ite  selling  price  when 
bleached  is  $45  and  up  per  ton. 

Sulphite  Process.  Sulphite  fib^,  perfected  in  1886,  is  made  by 
treating  spruce  and  similar  woods  with  sulphurous  acid,  combined  with 
lime  and  magnesia,  in  special  digesters  made  by  lining  to  withstand  the 
action  of  the  corrosive  acids.  The  largest  amounts  of  chemical  fiber  is 
produced  by  this  process.  The  spruce,  fir  and  hemlock  from  which  most 
of  this  pulp  is  made  is  piled,  dried,  cleaned,  chipped  and  screened  and 
conveyed  into  the  chip  bins  above  the  digesters  practically  in  the  same 
manner  as  for  the  soda  process.  The  digesters  for  this  process  are  built 
of  heavy  14nch  steel  and  are  very  large,  being  often  50  feet  high  Ly  18 
feet  in  diameter  made  to  contain  20  to  30  cords  of  wood  at  a  charge. 

On  the  inside  of  these  digesters  there  is  generally  placed  a  protective 
lining  of  lead  fastened  to  the  shell  of  the  digester  or  a  backing  of  about 
6  inches  of  Portland  cement  plastered  onto  every  part  of  the  inside  steel 
sheet  of  the  digester,  then  up  against  this  cement  is  laid  an  inside  facing 
of  vitrified  acid  proof  or  other  brick  laid  up  in  a  cement  made  of  Portland 
cement,  htharge  and  glycerine,  because  the  acid,  if  it  comes  in  contact 
with  the  steel,  would  attack  it.  Great  care  is  used  in  protecting  the  inade 
shell,  and  in  properly  conducted  mUls  examinations  are  made  of  it  after 
each  blow  to  see  that  no  injury  is  taking  place  to  the  hning. 

These  digesters  are  loaded  full  to  the  top  with  chips  and  bisulphite 
hquors  run  into  the  digester  to  within  about  3  feet  of  the  top.  The 
bisulphate  or  cooking  acid  is  made  by  burning  in  specially  built  fur- 
naces.  In  some  of  the  countries  of  Europe  pyrites,  on  account  of  its  cheap- 
ness, is  used  instead  of  the  sulphur,  but  it  has  not  been  found  profitable 
to  use  pyrites  in  this  country.  The  greater  part  of  the  sulphur  used  in 
this  country  comes  from  the  underground  sulphur  mines  of  Louisiana, 
where  it  is  obtained  by  forcing  superheated  steam  down  a  pipe  which 
melts  the  sulphiir  and  forces  it  up  the  casing  as  a  brown  liquid.  The 
melted  sulphur  is  run  off  into  pilea  where,  when  cool  it  returns  to  ita 
yellow  sulphur  color.  Louisiana  sulphur  has  practically  driven  out  of 
the  market,  in  this  country,  the  Sicilian  sulphur  formerly  used.  When 
the  Louisiana  sulphur  came  into  use  much  trouble  was  caused  by  the 
impurities  that  it  contained  which  would  form  a  coating  over  the  molten  sur- 
face and  prevent  the  formation  of  the  sulphur  dioxide  gas.  This  difficulty 
is  now  overcome  by  the  invention  of  rotaiy  and  agitating  burners.  The 
gas  is  geneiBted  by  burning  sulphur  in  the  furnace  admitting  the  right 
amount  of  air  so  that  the  chemical  combination  of  two  atoms  of  oxygen 
with  one  of  sulphur  may  take  place.  To  further  insure  a  combustion 
a  chamber  is  attached  back  of  the  furnace  where  a  further  supply  of  air  is 
carefully  admitted  bringing  the  sulphur  dioxide  gas  to  14  to  18  per  cent. 
The  gas  first  goe«  through  cast  iron  pipes  to  cool  it,  then  it  enters  lead 
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pipes  immersed  in  cold  water  to  further  reduce  the  temperature.  It  next 
passes  successively  through  three  or  four  wooden  tanks  containii^  milk 
of  iime  to  absorb  the  gas.  The  milk  of  lime  best  suited  for  this  purpose 
is  made  from  dolomite  often  carrying  45  per  cent  of  magnesia.  The  gas 
enters  the  tank  at  the  bottom,  leaves  at  the  top  and  then  mixing  with  the 
milk  of  lime  in  successive  tanks  till  the  sulphur  dioxide  is  all  absorbed  and 
the  residual  air  pEi^es  out  of  the  heavy  vacuum  pumps  that  pull  the  gas 
from  the  furnace  to  them.  Or  the  gas  may  be  absorbed  by  the  tower 
system,  when  it  is  passed  into  towers  about  100  feet  high,  where  it  comes  in 
contact  with  limestone  and  water  and  by  its  acid  action  on  the  lime  rock 
produces  the  liquor  necessary  for  the  reduction  or  cooking  of  the  wood. 
The  strength  of  the  acid  is  tested  by  iodine  solution,  using  starch  as  indi- 
cator and  is  generally  run  at  a  B^.  strength  of  4  to  6°  containing  the 
proper  amounts  of  free  acid  and  combined  acid  according  to  the  wood 
that  is  to  be  cooked. 

The  digester  having  its  complement  of  acid  is  sealed  and  relief  pipes 
connected  to  the  top  cover.  The  d^ester  has  no  false  bottom  and  the 
steam  is  appUed  directly  through  its  cone-shaped  base.  The  circula- 
tion of  the  digester  depends  on  the  pass^e  of  the  steam  into  the  bottom, 
working  its  way  up  through  the  mass  of  chips  and  liquor,  causing  the  sul- 
phur dioxide  to  break  loose  from  its  combination  with  the  lime  and 
magnesia,  the  resultant  gas  being  relieved  through  the  escape  valves 
on  the  top  of  the  cover.  This  gas,  as  well  as  the  liquor  that  is  blown  out 
through  the  relief  pipes,  is  valuable  up  to  two-thirds  or  more  of  the  tune 
of  the  cooking.  They  are  cooled  by  running  them  through  lead  pipes 
immersed  in  cold  water  and  are  mixed  with  fresh  cooking  liquors.  This 
is  the  only  method  in  use  at  present  of  reclaiming  the  sulphur.  There 
has  not  thus  far  been  invented  any  system  of  circulation  for  the  sulphite 
cooking  such  as  is  in  use  in  the  vertical  soda  digesters.  Both  the  soda  and 
sulphite  processes  have  digesters  or  cookers  that  are  placed  horizontally 
and  are  rotated,  but  th^r  are  not  used  as  much  as  the  vertical  or  upright 
digester  on  account  of  the  extra  labor  required  to  fill  and  to  dump  them. 
The  vertical  digesters  are  self  emptying,  thus  lessening  the  cost  of  labor 
and  time. 

In  the  cooking  of  the  sulphite  pulp  in  the  digester  the  mass  of  chips 
shrinks  as  in  the  soda  process.  During  the  process  a  pressure  of  90 
pounds  is  maintained  in  the  digester  and  the  temperatures  run  as  high  as 
350°  F.  The  quick  cooks  are  made  in  six  to  ten  hours,  the  slow  cooks 
are  steamed  from  thirty-six  to  seventy-two  hours.  The  slow  cook  pro- 
duces the  strongest  fibers  that  we  have  and  uses  a  weaker  strength  of 
chemicals  than  the  quick  cooks.  The  vertical  digesters  are  discharged 
in  a  similar  manner  to  the  soda  ones.  The  pulp  on  beii^  blown  out 
strikes  a  bronze  plate  called  a  target  and  is  almost  white.  The  cook- 
ing liquor  is  at  once  washed  out  of  the  pulp  by  fioodii^  the  tank,  into 
which  it  is  blown,  with  fresh  clean  water.     The  tank  has  a  perforated  bot- 
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torn  connected  to  the  sewer,  with  a  valve  ao  as  to  control  it  easily.  The 
water  used  for  the  washing,  strai^e  to  say,  muBt  be  pure  and  more  care 
taken  to  insure  its  cleanliDess  than  with  the  water  we  generally  drink. 
This  waste  liquor  has  been  experimented  on  extensively,  but  up  to  the 
present  time  it  is  found  to  be  of  value,  only  in  tanning  and  as  a  binder 
for  slack  coal  in  making  briquets  for  fuel.  The  cooking  acid  must  be 
thoroughly  washed  out  of  the  sulphite  pulp,  because  if  it  is  not  the  color 
of  the  pulp,  it  will  turn  pink  or  darken  to  a  light-gray  slate  color.  After 
washing  the  stock  is  passed  through  screens  with  mesh  not  finer  than 
^  inch,  through  which  the  fiber  itself  passes,  leaving  behind  the  knots 
and  uncooked  pieces  and  coarse  stuff,  which  are  sent  to  the  scrap  heap 
to  be  ground  up.  When  sulphite  pulp  is  to  be  shipped  to  another  mill 
or  piled  up  and  stored  it  is  run  over  the  wet  machine  which  has  been 
previously  described.  If  there  is  a  newspaper  mill  connected  with  the 
plant,  the  ground  wood  and  the  sulphite  arc  each  pumped  to  it  and  mixed 
tc^ether  in  beater  engines.  For  the  common  newspapers  75  per  cent 
of  ground  wood  pulp  is  mixed  with  about  25  per  cent  of  sulphite  pulp, 
some  size  and  alum  is  added  and  a  little  pink  and  blue  aniline'  to  give 
it  the  required  white  tint.  After  beating  in  the  engine  from  a  quarter 
to  a  half  hour,  the  stock  is  dropped  into  a  stock  chest,  whence  it 
is  pumped  to  a  Jordan  engine,  which  shortens  the  fiber  to  the  proper 
length  for  the  sheet  of  paper.  From  the  Jordan  engine  it  goes  to  the 
stock  chest  that  supplies  the  paper  machine,  being  the  same  type  as  the 
one  described  to  make  rag  and  writing  paper,  only  it  is  much  heavier, 
costlier  and  runs  faster.  Some  of  these  machines  cost  as  much  as  $80,000 
each  and  are  marvels  of  beautifully  adjusted  mechanism.  The  different 
parts  are  so  accurately  adjusted  that  from  the  Bow  of  the  wet  stock  onto 
the  wire  to  the  winding  up  of  the  dried  sheet  of  paper  as  it  comes  through 
the  calenders  it  moves  with  perfect  adjustment  whether  the  speed  be  300 
or  650  feet  or  more  per  minute. 

The  Sulphate  Process,  Kraft-paper.  With  some  modifications  this 
process  is  similar  to  the  "  caustic  soda  process."  The  Dahl  patents  issued 
in  1884  cover  much  of  the  process  as  is  in  practice  to-day.  The  liquors 
are  made  caustic  by  the  addition  of  freshly  burnt  lime,  the  waste  of  the 
soda  is  made  up  by  the  addition  of  salt  cake.  The  percentages  of  the 
chemicals  must  be  accurately  determined,  generally  keeping  about  seven 
parts  of  caustic  soda  to  four  parts  of  sodium  sulphate. 

Woods  that  hardly  yield  to  the  other  processes  are  easily  converted' 
into  sulphate  or  Kraft.  Most  of  the  conifers,  and  some  of  the  other 
woods,  are  treated  successfully.  The  resultant  fiber  is  much  the  strongest 
of  the  wood  fibers  and  is  seldom  if  ever  bleached. 

The  yield  of  fiber  is  high.  The  recovery  of  the  liquors  is  the  hardest 
part  of  the  process  and  special  incinerators  have  had  to  be  devised  to  help 
the  conversion  back  to  the  caroonate. 

There  are  very  few  mills  making  Kraft  in  this  country  and  they  are 
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generally  placed  in  thinly  settled  sections  because  the  waste  gaaes  are  very 
offensive. 

Paper  from  Waste  Paper.  This  has  recently  become  a  big  industry  in 
itself.  Many  of  the  cities  have  paper  waste  gatherers  who  pick  up,  sort 
over,  and  bale  up  tons  of  paper  daily,  all  of  which  goes  back  to  the  paper 
mill  to  be  made  over  into  some  form  of  paper,  wrapping,  sheathing  or  boards. 
There  are  several  types  of  shredders  as  well  as  cookers  and  washers. 
When  a  light-colored  paper  is  desired  the  use  of  chemicals  becomes  neces- 
saiy.  For  boards  the  papers  are  fed  into  the  beater  engines  and  beaten 
up,  washed,  steamed,  and  when  in  fine  enoi^h  condition,  are  ready  for  the 
machines. 

Wastes.  The  paper  mills  in  this  country  will  eventually  be  compelled 
to  return  the  water  as  clean  as  received.  State  l^p^tion  is  now  com- 
pelling the  separation  from  the  waste  waters  of  the  clays,  fibers  and  water 
by  the  use  of  sedimentation  tanks.  Also  filter  beds  of  sand  and  cinder 
covering  acres  of  land  are  used  to  separate  the  sludge  from  the  more  or 
less  clean  water  that  must  be  run  into  the  river. 

Although  great  improvements  have  been  made  in  the  many  types 
of  save-alls  that  are  in  use  for  saving  fibers,  clays  and  other  paper  stock 
there  is  still  room  for  better  apparatus.  Careful  attention  to  this  sub- 
ject should  well  repay  any  paper-maker  as  well  as  decrease  the  river 
pollution  nuisance. 
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CHAPTER  XLV 
CELLULOSE  INDUSTRIES 
JASPER  E.  CRANE 
E,  I.  du  Pont  d«  Netnmtn  &  Co.,  Wibmntton,  Dd. 

An  interesting  feature  of  the  Cellulose  Industry,  in  the  narrow  sense 
of  the  term,  is  that  in  every  case  the  industrial  developments  have  fol- 
lowed research  work  in  a  chemical  laboratory.  It  is  not  the  case,  as  in 
BO  many  other  industries,  that  an  article  was  produced  on  a  manufactur- 
ing scale  and  perfected  or  developed  further  by  laboratory  work,  but 
rather  thai  the  laboratory  work  is  here  in  every  case  the  pioneer.  It 
is  important,  therefore,  to  base  our  considerations  of  these  industries  on 
a  careful  study  of  the  properties  and  reactions  of  cellulose.  These 
reactions  are  studied  in  regard  to  their  technical  significance  in  the  first 
part  of  the  chapter  while  the  operations  on  the  manufacturing  scale 
are  discussed  in  the  latter  part. 

Definition.  Cellulose  is  the  structural  material  of  vegetation,  the 
substance  of  which  the  walls  of  plant-cells  are  composed.  Just  as  a  chem- 
ical reaction  is  conducted  in  a  container  of  resistant  material  such  aa 
glass,  so  the  vital  processes  of  the  vegetable  cell  are  carried  on  in^de  its 
envelope  <^  cellulose.  The  union  of  a  number  of  cells  produces  a  fiber, 
and  the  fibers  occur  m  the  form  of  bundles,  except  in  the  case  of  cotton, 
where  cellulose  in  ultimate  fibers  is  presented  to  us  by  nature.  The 
fibers  of  different  plants  vary  greatly  in  shape  and  size,  from  0.5  to  200 
millimeters  in  length  and  from  0.01  to  0.07  millimeters  in  diameter. 

General  Character.  Cellulose  fibers  are  physically  very  tough  and 
chemically  inert.  These  properties  afford  its  marvelous  suitability  for 
the  part  it  plays  in  nature  and  adapt  it  wonderfully  for  man's  use  in  the 
arts.  Sunlight,  moisture,  and  air  cause  a  gradual  oxidation  with  the 
formation  of  oxy-cellulose,  gases,  and  himius  substances.  Old  papers 
and  other  cellulose  materials  deteriorate  from  these  causes  (1). 

The  various  fibers  have  different  chemical  compositions,  and  there 
are  therefore  many  varieties  of  cellulose,  of  which  the  simplest  is  an 
amorphous  carbohydrate  of  the  empirical  composition  CoHioOs-  Thia 
is  combined  with  other  non-nitrogenous  groups  in  the  various  celluloses, 
which  are  generally  classified  as  follows: 

Classificatioii.  Pecto-ceUvloses  (cotton,  flax,  hemp,  ramie,  etc.) 
yield  pure  cellulose  upon  hydrolysis,  the  pectic  matter  being  dissolved. 
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This  pectic  matter  consists  ol  compounds  (A  a  carbohydrate  nature 
about  which  not  much  is  known.  Pectin,  found  in  ripe  fruit,  is  precip- 
itated by  (dcohol  and  gelatinized  with  boiliog  water;  pectose,  found 
in  unripe  fruit,  is  insoluble  in  water.  They  are  bjtrth  hydn^yzed  by 
alkalies  and  acids  to  intermediate  compounds  and  finally  to  hexoses  and 
pentoses  (2). 

Idgno-a^vloses  (jute,  straws,  woods,  etc.)  contain  the  simple  cellulose 
molecule  chemically  combined  with  lignin.  This  is  a  compound  of  the 
formula  ROCH3,  in  which  R  is  probably  aromatic.  These  celluloses 
are  characterized  by  forming  compounds  with  the  halogens  which  are 
soluble  in  dilute  sulphite  or  alkaline  solutions,  the  pure  eelluloee  thus 
being  freed, 

Cuto  and  adipo  celluloses  (cork,  skins  of  fruit,  etc.)  are  very  complex 
and  contain  waxy  products. 

Cellulose  is  also  found  in  peat,  humus,  etc.,  and  possibly  in  certain 
animal  tiasues  in  the  form  of  tunicin. 

Cellulose  Raw  Materials.  From  natural  products  cellulose  may  be 
isolated  by  several  methods  of  treatment.  The  best,  and  that  generally 
adopted  for  quantitative  analysis,  is  the  Cross  and  Bevan  method  (3), 
which  consists  of,  first:  hydrolysis  by  boiling  dilute  alkali;  second,  chlori- 
nation;  and  third,  boiling  with  dilute  sulphite  solution.  The  amounts  of 
anhydrous  cellulose  and  the  other  constituents  in  certain  fibrous  materials, 
together  with  the  other  data,  are  presented  in  the  following  table  (4): 
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It  will  be  noted  that  the  figures  given  for  the  percentage  trf  cellulose 
for  spruce  and  poplar  are  higher  than  for  other  woods,  which  indicates 
the  reason  why  these  woods  are  so  much  used  for  paper  maJcing;  while 
the  percentages  of  lignin  in  beech  and  other  hard  woods  are  higher  than 
fouDd  in  evergreens. 

These  and  other  fibers  are  used  in  paper-making  and  in  the  textile 
industries,  the  cellulose  being  separated  and  purified  by  different  treat- 
ments, such  as  the  purification  of  cotton,  the  retting  of  flax,  the  sulphite 
and  soda  processes  for  wood,  etc.,  but  the  discussion  of  these  does  not 
properly  belong  to  this  chapter.  It  may  be  remarked  however  that  pure 
unaltered  cellulose  is  not  obtained  by  most  of  these  treatments,  the 
products  from  wood,  for  example,  containing  such  impurities  as  oxy- 
celluloses,  resin,  pentosan,  and  other  substances. 

In  the  cellulose  industries  as  con^dered  in  this  article,  the  principal 
raw  materials  are  cotton  waste,  cotton  yam,  linters,  cotton  hull  fiber, 
tissue  paper,  and  chemical  wood  pulp. 

Momud  Cellulose.  The  purest  form  of  cellulose  is  generally  stated 
to  be  Swedish  filter  paper,  but  on  account  of  the  severe  treatment  this 
undergoes  in  the  process  of  purification  the  cellulose  itself  is  attacked 
and  slightly  altered.  Cotton  fiber  purified  of  its  pectic  bodies,  fat,  and 
nitrogenous  matter  by  the  mildest  possible  treatment,  furnishes  the 
purest  cellulose,  and  Cross  and  Bevan  have  recently  suggested  for  "  nor- 
mal cellulose  "  cotton  as  prepared  for  calico  manufacture  (5). 

Cconpositioii.  This  purified  cellulose  contains  0.1-0.5  per  cent  inor- 
ganic matter  which  remains  as  ash  upon  burning.  Cellulose  is  found 
by  ultimate  analysis  to  have  the  composition: 

Carbon 44.2  per  cent 

Hydr(^en 6.3 

Oxygen 49 . 6 

Constitution.  The  molecular  weight  is  unknown,  and  cellulose  is 
regarded  as  a  polymeride  of  a  formula  (CeHioOs)ii  in  which  n  is  very 
large;  or  as  a  colloidal  aggregate,  the  constituent  groups  of  which  react, 
the  equilibrium  of  the  aggregate  being  modified  by  the  process  of  the 
reaction.  The  question  is  of  great  significance,  as  cellulose  and  starch 
are  the  most  important  colloids,  and  the  whole  subject  of  Colloid  Chetn* 
istry,  in  spite  of  much  investigation,  is  still  largely  an  unknown  territory. 
We  do  not  even  know  whether  our  commonly  accepted  theories  for 
crystalloid  substances  will  apply  to  colloids,  and  wonder  whether  we 
must  return  in  part,  at  least,  to  the  "  vital "  chemistry  of  our  fore- 
fathers. At  all  events,  we  cannot  present  an  accurate  picture  of  the  cel- 
lulose molecule,  so  in  all  discussions  of  reactions  it  must  be  understood 
that  any  equations  used  are  simply  intended  as  an  approximate  representa- 
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tion  of  what  takes  place.    We  do  know  that  of  the  five  oxygen  atoms, 
three  react  as  hydroxyl  groups,  and  two  as  CO  groups. 
Green's  Formula  (6) : 

CHOH    CH    CHOH 


>> 


CHOH    CH    CHb 

is  a  useful  generalization. 

Properties.  Cellulose  is  a  white,  amorphous,  firm,  elastic  substance 
of  specific  gravity  1.6  (7).  It  bums  quietly  with  a  luminous  flame  and 
is  a  poor  conductor  of  heat  and  electricity,  dielectric  constant  7.  Migrates 
to  anode  (8).  Specific  heat  0.319.  Heat  of  combustion  to  CO2  and  HjO 
4208.  calories. 

Viewed  under  polarized  light,  cellulose  flashes  up  in  different  colors, 
thus  being  distinguished  from  its  derivatives,  such  as  nitrates  which  are 
gray  under  polarized  light. 

Cellulose  fibers  absorb  liquids  very  readily,  the  air  from  the  cell 
canals  being  displaced.  Tht»  absorbtive  power  is  increased  by  proper 
preparation  of  the  fiber,  and  is  an  important  point  in  several  industries, 
problems  of  capillarity  and  osmosis  being  involved. 

Cellulose  is  hygroscopic,  the  different  kinds  containing  6-12  per 
cent  moisture  under  ordinary  conditions.  Removal  of  the  moisture 
is  effected  by  drying  at  100°  C,  and  dessication  over  cone,  sulphuric  acid. 
The  hygroacopicity  varies  widely  with  the  different  kinds  of  fiber,  the 
method  of  treatment  they  have  received,  and  the  atmospheric  humidity. 
This  subject  of  "  water  of  condition  "  is  of  extreme  importance  in  the  tex- 
tile industries,  to  which  a  full  discussion  of  it  more  properly  belongs. 
The  "  water  of  condition  "  of  cotton  at  20"  C  and  50  per  cent  relative 
humidity  is  6  to  7  per  cent;  it  reaches  21  per  cent  in  an  atmosphere 
saturated  with  moisture  (9). 

Another  important  aspect  of  Cellulose  Chemistry  with  respect  to 
the  textile  industries  is  the  fixation  of  coloring  matters.  The  phenomena 
are  not  c  mpletely  explained,  whether  mechanical  absorption  in  the  cell 
canals,  adsorption  compounds,  or  true  chemical  reactions.  Mordanting 
is  a  partly  physical  and  partly  chemical  phenomenon  (10). 

Cellulose  is  resistant  to  the  action  of  moderate  dry  heat,  but  is  attacked 
by  heating  in  water  under  high  pressures  (11).  By  heating  cellulose 
decomposition  begins  at  140°  C,  and  at  200°  this  proceeds  rapidly,  giving 
off  gases  (12).  Upon  distillation  the  greater  part  of  the  volatile  products 
are  driven  over  between  250  and  300°  C,  and  carbonization  is  completed 
at  about  380°  C.    The  products  are  approximately  as  follows  (13): 
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Charcoal 

PorCmt 

38.82 
10-35 
0.17 
4.16 
0.27 
.07 
1.39 
5.14 
4.18 
34.52 
0.94 

PnOnt 

COi 

CO 

CH. 

Oisanic  SubataDces  in  AceUte 

8-5 

100              1 

It  will  be  noted  that  no  methyl  alcohol  is  included  in  the  products. 
Cellulose  ia  destroyed  by  fermeatatioii,  probably  according  to  the 
following  reactions: 

CeHioOs +H80-*C6H  i306-»3CH4+3COa(  14) . 

In  this  way  marsh  gas  is  fonned  in  nature. 

Solvents.  Cellulose  is  insoluble  in  all  ordinary  solvents  and  no  true 
solution  can  be  made  from  which  it  may  be  precipitated  in  unchanged 
condition.  It  is  dissolved  by  heating  in  "a  concentrated  (40  per  cent) 
solution  of  zinc  chloride  (15) ;  in  a  cold  33^  per  cent  zinc  chloride  scdution 
in  hydrochloric  acid  (16);  in  a  solution  of  copper  hydroxide  in  ammo- 
nium hydrate  (2  per  cent  CuO,  10-15  per  cent  NHa)  (17);  and  in  certain 
other  ammoniacal  solutions  of  metallic  salts.  These  solutions  are  in  the 
nature  of  double  salt  formations. 

Reactions.  Cold,  dilute  acids  have  an  almost  inappreciable  action, 
a  slight  formation  of  adsorption  compounds  taking  place. 

Mineral  acids  of  10  to  40  per  cent  acidity  form  hydrocellulose. 
(CaH,o05),+.H20-^(CaHio05).(H30), 
a  friable,  white  powder  which  is  more  reactive  than  cellulose,  the  aggre- 
gate having  been  modified  by  hydrolytic  action  (18). 

Stronger  acids,  60  to  SO  per  cent,  tend  to  form  hydrates  of  cellulose 
(19). 

Concentrated  acids  form  esters  or  cellulose  acids. 

(C6H,oOi+.H2S04  =  C6nHio.Oi,,.(300.+rH20. 

Cellulose  sulphuric  acids  are  very  unstable  and  cannot  be  isolated  from 
solution  in  the  acid.  Prolonged  action,  followed  by  dilution  with  water 
and  boiling,  converts  the  cellulose  into  glucose  (20). 

Concentrated  nitric  acid  produces  cellulose  nitrates,  the  limit  of  reac-. 
tion  being: 

CeHioOe+SHNOs  =  C6H70a(N03)3+3H20. 
This  reaction,  of  great  technical  importance,  is  always  carried  on  in 
practice  with  a  nuxture  of  sulphuric  and  nitric  acids.     The  sulphuric  acid 
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takes  up  the  water  produced  ia  the  reaction,  and  also  tends  to  form  cel- 
lulose sulphuric  acids,  which  react  with  the  lutric  add  in  the  mixture,  form- 
ing cellulose  nitrates  and  regenerating  the  sulphuric  acid  (21). 
The  important  factors  are : 

(a)  Strength  of  the  acid. 

(b)  Temperature  of  the  acid. 

(c)  Time  of  nitration. 

(d)  Proportion  of  acid  to  cellulose. 

By  varying  these  conditions  products  of  widely  different  properties 
are  obtained. 

(a)  The  proportion  of  sulphuric  to  nitric  acid  is  of  minor  importance, 
the  essential  thing  being  that  there  is  an  excess  of  the  latter.  Propor- 
tions of  1  :  1  to  3  :  1  are  used.  The  efTect  of  the  acid  mixture  depends 
mainly  upon  the  total  acidity,  or  conversely  upon  the  percentage  of 
water,  which  varies  from  10  to  20  per  cent.  A  low  percentage  of  water 
causes  a  nitration  approaching  more  closely  to  the  limit  of  reaction.  A 
higher  water  content  gives  a  lower  percentage  of  nitrogen  in  the  product. 

(b)  Increasing  the  temperature  increases  the  rate  of  reaction.  Thus 
a  nitration  in  cold  acid  may  require  twenty-four  hours  to  be  complete, 
while  with  the  same  acid  mixture  at  a  tem[>erature  of  perhaps  40 
degrees,  the  reaction  would  be  complete  inade  of  an  hour.  As  the 
temperature  of  the  acid  bath  increases,  secondary  reactions  occur,  so  that 
the  properties  of  the  product  are  modified. 

(c)  As  indicated  above,  the  time  of  nitration  depends  very  largely 
upon  the  temperature.  In  practice  cellulose  is  usually  nitrated  for  about 
thirty  minutes,  but  in  certain  cold  processes  for  as  long  as  twenty-four 
hours. 

(d)  Thirty  to  50  parts  of  acid  to  one  of  cellulose  are  used,  and  this 
proportion  is  sometimes  increased.  It  is  important  to  use  an  excess  of 
acid. 

The  cellulose  used  is  purified  cotton  waste,  linters,  hull  fiber,  cotton 
yam,  or  tissue  paper. 

Three  difTerentforms  of  apparatus  are  used: 

1.  Iron  or  earthenware  pots,  into  which  the  acid  is  run  and  the  cellu- 
lose then  immersed.  At  the  completion  of  the  nitration  the  material  is 
dumped  into  centrifugal  machines,  and  the  excess  of  acid  removed. 

2.  Centrifugal  machines,  the  machines  being  started  in  motion  after 
nitration  is  complete. 

3.  In  the  Thomson  process  stoneware  pans,  the  acid  being  removed 
by  displacement  with  water. 

After  mtratii^  by  any  of  these  processes  the  product  is  thoroughly 
washed  in  water  and  usually  boiled  to  remove  unstable  by-producbi. 

When  first  made,  cellulose  nitrates  were  very  unstable  and  dangerous. 
This  was  overcome  by  proper  purification,  consisting  of  pulping,  as  intro- 
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duced  by  Abel,  aad  by  loag-continued  boiling,  preferably  io  slightly  add 
water.     Bleaching  with  hypochlorite  ia  sometimes  necessary. 

The  washed  product  19  dried  by  pressure  and  absorption  of  the  water 
by  bibulous  materials,  by  a  current  of  air,  or  by  displacement  of  the 
water  by  grain  alcohol.  The  yield  varies  with  the  percentage  of  nitrogen. 
Theoretical  yields  vary  from  160  to  210  parts.  In  practice  these  yields 
are  reduced  by  solution  in  the  acid,  secondary  reactions,  and  mechanical 
losses,  and  vary  between  130  and  175  parts. 

Treatment  of  cellulose  nitrates  with  sodium  sulphide  or  ammonium 
sulphide  solutions  removes  the  nitrate  group  and  regenerates  cellulose 
hydrate  (22). 

The  halogen  acids  form  hydrocellulose,  as  would  be  expected  from 
the  atove.  A  specific  reaction  is  caused  by  a  solution  of  hydrogen  bro- 
mide in  carbon  tetrachloride  which  acts  very  enei^etically,  forming  brom- 
methyl-furfurol  (23). 

Acetic  anhydride,  with  a  condensii^;  agent,  dissolves  cellulose  with 
formation  of  cellulose  acetates  (24). 

C.H,oO„+3(CH3CO)20  =  C.H702(02C.CH3)3-|-3CH3.COOH. 

Cellulose  formates  and  benzoates  are  similarly  prepared  (25). 

Mixed  esters,  such  as  aceto-sulphates,  aceto-nitrates,  etc.,  have  also 
been  made  and  investigated. 

Dilute  alkalies  form  small  quantities  of  indefinite  adsorption  ccHn^ 
pounds,  about  1  per  cent  alkali  being  absorbed. 

Solutions  of  caustic  alkalies  (10-25  per  cent  NaOH)  cause  a  structural 
change  in  the  fibers,  a  phenomenon  first  described  by  Mercer  and  of  con- 
siderable importance  in  the  textile  industries,  as  the  fiber  held  under  ten- 
sioa  assumes  a  lustrous  appearance.  The  mechanism  of  mercerization 
has  not  been  completely  explained.  It  appears  that  a  sodium  additive 
compound  of  cellulose,  probably  (CuHioOB.2NaOH)  ia  formed  and  is 
hydrolyzed  by  water  to  cellulose  hydrate  (26). 

Stronger  alkaline  solutions,  30  per  cent  or  more  NaOH,  dissolve 
cellulose  with  formation  of  so-called  acid  cellulose  (27). 

Fused   (concentrated)  caustic  alkalies  give  acetic  and  oxalic  acids. 

A  most  interesting  reaction  and  one  of  increasii^  technical  importance 
is  the  formation  of  cellulose  thiocarbonate.  Cellulose  treated  with  sodium 
hydrate  reacts  with  carbon  bisulphide,  the  product  dissolvii^  in  water. 

C6HioOB+NaOH-|-CS3=CS— O.CoHb04 

\  +H20 

SNa 

This  tbiocubonate  or  alkali-cellulose-xanthate  gives  very  'vdscous  acAvk- 
tions  which  decompose  on  standii^,  by  heatit^,  or  upon  treatment  with 
acid,  into  cellulose  hydrate,  NaOH,  and  carbon  bisulphide  (28). 
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Cellulose  is  quite  unaffected  by  reducing  substances. 

Cellulose  is  re^tant  to  oxidation,  but  long-continued  action  of  cer- 
tain oxidizii^  agents  produces  deep  modifications. 

Ozone,  bromine,  chlorine  and  chlor  acids  cause  oxidation.  Nitric 
acid  of  1.1  to  1.3  specific  gravity  at  80  to  100°  fonns  oxycellulose.  Chro- 
mic acid  forms  oxy-cellulose.  Potassium  permanganate  forms  oxy- 
cellulose, caramel,  oxidized  carbohydrates,  oxalic  acid,  carbon  dioxide, 
etc.  Only  30  to  40  per  cent  of  oxy-cellulose  has  been  obtained,  for  with 
more  drastic  treatment  to  secure  h^her  yields  the  remainder  of  the 
cellulose  is  oxidized  to  oxalic  acid  and  carbon  dioxide  (29). 

Derivatives.  From  the  foregoing  summary  of  cellulose  reactions  it 
will  be  seen  that  numerous  derivatives  are  obtained  which  are  briefly 
described  in  the  following: 

Cellulose  hydrates,  which  are  formed  by  mechanical  reduction  of  fibers 
in  water,  action  of  salt  solutions,  mercerization,  precipitation  from  solu- 
tions, regeneration  from  esters,  or  action  of  acids,  are  more  reactive 
than  cellulose.  They  take  up  more  direct  colors  and  are  more  reactive 
with  substantive  colors  such  as  benzopurpurin,  give  characteristic  colora- 
tioQ  with  iodine,  have  higher  copper  numbers,  and  yield  furfural  on  dis- 
tillation with  hydrochloric  acid  (30). 

Hydrocellulose  is  less  hydroscopic  than  cellulose,  very  slightly  affected 
by  alkalies,  gives  a  blue  violet  color  with  ZnClj:  I,  which  washes  out  with 
water,  does  not  fix  basic  colors,  and  gives  characteristic  reduction  coaf- 
ficient3(31). 

Oxy-cellulose  CiBH2aOifl  is  a  white  flocculent  substance  which  forms- 
gelatinous  hydrates  with  water  and  dissolves  in  dilute  alkali.  There 
are  several  modifications,  and  the  cellulose  complex  has  been  altered. 
Found  in  nature  in  Sowers,  woods,  straws,  etc.  (32). 

Other  derivatives  of  minor  importance,  are  hydral  cellulose,  acid 
cellulose,  and  cellulose  peroxide. 

A  nitric  ester  was  first  made  by  Braconnot  (33)  in  1833;  again  by 
Pelouze  (34)  in  1838,  and  developed  by  Schonbein  (35)  in  1846,  who  was 
the  first  to  use  a  mixture  of  sulphuric  and  nitric  acid,  and  is  generally 
credited  with  the  discovery  of  cellulose  nitrate.  The  literature  of 
these  derivatives  is  very  extensive.  There  has  recently  appeared  an  eKCel- 
lent  work  on  their  technical  use,  "  The  Nitrocellulose  Industry,"  by 
E.  C:  Worden.  Distinguished  researches  on  the  subject  have  been  those 
of  Vieille  (36),  Eder  (37),  Lunge  (38),  de  Mosenthal  (39),  WiU  (40), 
Take  and  Bell  (41),  Haeussermann  (42),  Berl  and  Klaye  (43),  and  Men- 
del^eft  (44). 

The  foUowii^  gives  a  summary  of  the  composition,  solubilities,  and 
other  characteristics  of  impori^nt  commercial  pyroxylins. 

As  ordinarily  prepared,  cellulose  nitrates  have  the  unaltered  appear- 
ance of  the  or^nal  fiber,  but  are  harsher  to  the  touch.  The  specific 
gravity  is  only  slightly  b^her  than  that  of  cellulose,  the  volume  rather 
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thao  the  density  being  iocreased  id  oitratisg.  They  ordinarily  float  in 
water,  on  account  of  the  presence  of  air  in  the  fibers.  They  are  leas 
hygroscopic  than  cellulose;  thus  a  pyroxylin  with  13  per  cent  of  nitrogen 
has  about  1.5  per  cent  water  of  condition,  and  a  pyroxylin  with  11  per 
cent  of  nitrogen,  about  3.5  per  cent. 

These  derivatives  bum  very  rapidly,  the  rate  of  combiistion  increas- 
ing with  the  percentage  of  nitrogen.  It  is  to  be  noted  that  nitration  ia  a 
progressive  phenomenon,  and  that  we  cannot  recognise  any  definite 
steps  in  the  reactions,  so  that  any  names  such  as  tri-nitrate,  hexa-nitrate, 
penta-nitrate,  etc.,  are  not  well  founded. 

The  maximum  theoretical  percentage  of  nitrogen  is  14.14  per  cent, 
but  this  has  never  been  reached  in  practice.  The  most  highly  nitrated 
products  contain  13.3  to  13.7  per  cent  of  nitrogen,  and  are  known  as 
guncottons.  Soluble  in  acetone  and  ethylacetate,  but  insoluble  in  etheiv 
alcohol,  nitroglycerine,  and  other  solvents  of  the  lower  nitrates.  Gun- 
cotton  is  ignited  by  shock,  differing  in  this  respect  also  from  other  cellu- 
lose nitrates. 

Pyroxylins,  as  used  for  smokeless  powders  and  gelatine  dynamites, 
contain  12.4  to  12.8  per  cent  nitrogen,  and  are  less  soluble  in  wood- 
alcohol,  amylacetate,  and  camphor-alcohol  than  lower  nitrates.  Pyro- 
cellulose  is  the  standard  pyroxylin  of  this  class,  containing  12.6  per 
cent  of  nitrogen. 

Soluble  pyroxylins,  called  variously  collodion  cotton,  soluble  cotton, 
and  varnish  cotton,  contain  close  to  12  per  cent  of  nitrogen,  and  dis- 
solve in  ether-alcohol,  amylacetate,  wood-alcohol,  and  other  solvents  to 
solutions  of  less  viscosity  than  any  other  pyroxylins. 

Celluloid  pyroxylins  contain  10,8  to  11.6  per  cent  of  nitrogen,  and 
are  soluble  in  all  these  solvents,  but  pve  solutions  of  greater  viscosity  than 
the  varnish  cottons.  It  may  be  noted  here  that  two  pyroxylins  with  the 
same  percentage  of  nitrogen  may  show  very  different  solubilities  and 
visco^ties,  due  to  secondary  reactions  in  the  nitration. 

Pyroxylins  containing  10  per  cent  of  nitrogen  and  soluble  in  grain 
,  alcohol  alone  may  also  be  made,  but  have  not  found  any  applications. 
Cellulose  nitrates  containing  less  than  10  per  cent  of  nitrogen  are  not 
solutje  in  organic  solvents.  A  hydrated  nitrate  of  cellulose  with  about 
3  per  cent  of  nitrogen  has  been  patented  by  Herstein  (45)  and  this  product 
is  soluble  in  solutions  of  alkalies  and  certain  phenols. 

A  cellulose  acetate  was  first  made  by  SchiitEenberger  in  1869  (46), 
and  again  by  Franchimont  in  1881  (47),  and  investigated  by  Cross  and 
Bevan.  A  catalytic  agent  is  necessary  to  cause  cellulose  to  react  with 
acetic  anhydride,  the  usual  procedure  being  to  treat  the  cotton  with 
acetic  anhydride  and  a  small  percentage  of  sulphuric  acid,  the  cellulose 
dissolving  in  the  mixture  and  the  acetate  being  precipitated  by  diiuUoa 
with  water.  Cellulose  acetate  thus  prepared  is  a  toi^h,  white,  pithy 
substance,  quite  resistant  to  alkali,  but  saponified  by  alcohohc  potash. 
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It  Ib  not  attacked  by  dilute  acids,  but  is  hydrolyzed  by  50  per  cent  sul- 
phuric acid  and  hot  concentrated  hydrochloric  acid.  Yellow-brown 
colorations  are  given  with  zinc  chloride-iodine  reagent.  Soluble  in 
chloroform,  glacial  acetic  acid,  epichlorhydrin,  nitrobenzol  and  acetylene 
tetrachloride.  Cellulose  acetates,  soluble  in  acetone  and  in  alcohol,  are 
also  made  (48).  Identified  by  saponifying,  acidifying,  and  distilling  off 
the  acetic  acid,  tbie  method  being  employed  for  analysis  (49).  The  for- 
mates, benzoatea,  and  other  organic  esters  resemble  the  acetates  in 
physical  character,  but  differ  in  solubilities. 

Viscose  is  the  name  given  to  the  thiocarbonate  product,  the  formation 
of  which  has  been  described  above.  When  regenerated,  it  is  a  hydrate 
of  celluloBe, 

Formaldehyde  cellulose,  sulpho-hydro  cellulose,  and  tetraphenyl  cellu- 
lose have  also  been  prepared,  but  do  not  possess  any  commercial  value. 
Analytical.     Cellulose  is  identified  by  developing  a  blue  color  with  a 
solution  of   iodine  in  potassium  iodide   in  admixture  with  zinc  chloride 
(50). 

The  quantitative  estimation  of  cellulose  has  been  described  above, 
and  also  the  identification  of  hydrate,  hydro,  and  oxy-cellulose,  and  other 
derivatives.  The  various  kinds  of  fiber  are  distiii^uisbed  by  microscopic 
examination  (51), 

Important  determinations  are :  1st,  Percentage  of  moisture,  determined 
by  drying  the  cellurose  at  90-100  °  C.  and  dessication  over  sulphuric  a<Hd 
(52).  2nd,  Percentage  of  ash  obtained  by  incineration  (53).  3rd,  Estima- 
tion of  fat,  wax,  and  resin  by  extraction  in  a  Soxhlet  apparatus  (64).  4th, 
The  "  copper  number  "  by  reduction  of  Fehling's  solution  (55).  5th, 
"Acid  number  "  or  the  consumption  of  sodium  hydrate  upon  boiling  (56). 
6th,  The  yield  of  furfural  upon  distillation  with  hydrochloric  acid  (57). 
7th,  Fixation  of  basic  coloring  matters  such  as  methylene  blue  (58). 

Cellulose  industries  are  classified  in  the  following  table  according  to 
their  relationship  to  the  characteristics  of  the  parent  substance. 

It  may  be  noted  f^ain  that  cellulose  is  a  structural  material,  and  it 
is  upon  consid^ations  of  form  and  physical  characteristics  that  these 
industries  mainly  depend. 

CLASSIFICATION  OF  INDUSTRIES 
Physical  Chakacteristics  of  the  Fiber 
Textiles       Mercerized  Fabrics,  Vegetable  Parehmeni       Paper 

Chanqe  in  Form  aiter  Solution 
Vulcanized  Fiber  Artificial  Leather 

Lamp  Filaments  Photographic  Films 

Artificial  Silk  Pyroxylin  Plastics 

Cellophane  Acetate  Plastics 

Pyroxylin  Solutions 
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Change  in  Chemical  Behaviob 
Exploaivea 

Decomposition  or  Cellulose  Complex 
Distillation  of  Wood.  Oxalic  Acid.  Alcohol. 

INDUSTRIES   DEPENDING    ON   THE   PHYSICAL   CHAR- 
ACTERISTICS  OF  THE   FIBERS 

Textiles.  These  comprise  one  of  the  moat  important  of  atl  indus- 
tries, but  as  they  are  described  elsewhere  in  this  volume,  in  Chapter 
XLII,  no  description  of  them  will  be  given  here.  The  industries  are 
mostly  based  on  mechanical  principles,  but  the  chemistry  is  important  in 
such  matters  as  the  water  of  condition,  bleaching,  dyeing,  etc. 

Mercerized  Fabrics.  This  branch  of  the  textile  industries  has  become 
of  increasing  importance  in  the  last  few  years.  In  practice,  cotton  is 
mercerized  generally  in  the  form  of  fabric,  and  also  as  yard.  In  the 
former,  the  cotton  cloth  is  passed  through  a  cold  bath  of  30  per  cent 
sodium  hydrate  and  afterwards  washed  with  hot  and  cold  water.  The 
cloth  is  kept  under  tension  by  being  drawn  along  through  a  seriea  of  rolls 
and  supported  on  a  frame  with  side  clamps  (59). 

P^ier.  Another  very  important  class  of  industries  is  the  preparation 
of  the  many  classes  of  paper,  but  this  also  falls  outside  of  our  subject,  as 
it  is  covered  in  Chapter  XLIV.  The  chemistry  of  this  industry  is  very 
diversified  and  of  great  importance. 

Vegetable  Parcbniffiit.  This  product  is  obtained  by  a  diort  immer- 
sion of  unsized  paper  in  75-84  per  cent  sulphuric  acid,  followed  by  imme- 
diate washing  in  water  and  drying.  A  layer  of  semi-transparent  gelatinous 
amyloid  or  cellulose  hydrate  is  thus  deposited  on  the  surface,  and  the  paper 
becomes  tough  and  resembles  in  appearance  natural  parchment.  In  the 
process  the  sulphuric  acid  is  contained  in  lead-lined  tanks,  and  the  paper 
is  unrolled  and  drawn  through  the  bath  and  then  between  rolls  of  acid- 
resisting  material  into  a  bath  of  wash-water.  The  sheet  is  dried  under 
tension.  Thick  sheets  are  made  by  pressing  together  layers  of  paper  which 
have  just  been  parchmentized. 

The  important  factors  are  the  condition  of  the  paper,  the  strength  of 
the  acid,  the  temperature  of  the  acid,  the  time  of  immersion,  and  the 
completeness  of  washing.  Under-  or  over-treatment  by  the  acid  must  be 
avoided  and  no  trace  of  acid  should  remain  in  the  parchment. 

It  is  used  for  packing  greasy  materials,  for  semipermeable  membranes, 
and  in  general  as  a  substitute  for  natural  parchment. 

A  similar  product  is  also  obtained  by  mechanical  treatment:  sulphite 
pulp  is  beaten  in  an  engine  into  a  slimy  mass,  and  formed  into  sheets  of 
parchment  paper.  When  made  in  tissues  this  comes  upon  the  market 
by  the  name  of  pergamyn.     A  similar  product  is  cellulith.     In  preparing 
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this  the  pulp  is  beaten  until  the  fibers  entirely  disappear.  It  is  then 
heated,  strained,  and  allowed  to  settle.  The  mass  which  settles  is  then 
thoroughly  dried,  forming  a  horny  mass  which  is  somewhat  similar  to 
vulcanized  fiber. 

Vulcanized  Fiber.  This  is  prepfu^  by  treating  unsized,  unloaded, 
rag  paper  in  a  warm  solution  of  zinc  chloride  in  water.  The  solution 
contains  65  to  70  per  cent  ZnClj  and  is  maintained  at  a  temperature 
close  to  40°  C.  A  roll  of  paper  is  unwound,  passed  over  heated  cylinders 
and  then  through  the  bath,  and  is  then  rolled  up  on  large  heated  cylinders 
untjl  the  desired  thickness  is  obtained.  The  surface  is  gelatinized  so  that 
the  paper  welds  together  on  the  receiving  drum  where  it  is  squeezed  by 
the  pressure  of  a  heavy  roll  above  it.  The  sheet  is  then  cut  oBE  the 
drum  and  is  washed  in  zinc  chloride  solutions  of  diminishing  concentra- 
tion, and  finally  in  pure  water  until  no  test,  or  a  very  faint  test  for 
chlondes  is  obtained.  This  washing  treatment  is  slow,  depending  on  the 
size  of  the  sheet;  i  inch  material  takes  three  or  four  weeks,  and  2  inches 
six  to  eight  months.  Zinc  chloride  is  recovered  from  the  stroller  wash 
waters  by  using  them  progressively.  This  matter  of  washing  is  of  the 
greatest  importance  on  account  of  the  danger  of  blistering,  which  is 
thought  to  be  caused  by  osmotic  pressure.  If  the  washing  is  not  com- 
plete, inferior  fiber  is  the  result. 

The  product  shrinks  on  drying  to  about  half  its  original  size  and  is 
remarkably  homogeneous.  It  comes  on  the  market  in  reddish  brown, 
gray,  or  black  colors,  which  are  obtained  by  using  differently  colored 
papers  containing  iron  oxide,  lamp  black,  or  other  colorii^  matter.  The 
product  is  very  hard,  of  a  homy  consistency  and  is  worked  by  sawing, 
turning,  etc.,  may  be  threaded  and  embossed,  but  is  not  properly  plastic 
to  heat. 

The  specific  gravity  varies  from  1.3  to  1.5;  the  tensile  strength  from 
8000  to  13,000  pounds  per  square  inch,  and  the  crushing  strength  from 
35,000  to  45,000  pounds  per  square  inch.  Fiber  has  a  dielectric  strength 
of  200  to  400  volts  per  mil.  It  is  oilproof  but  not  waterproof,  abeorbii^ 
20  to  50  per  cent  of  its  weight  of  water  upon  prolonged  immersion,  but 
dries  again  to  its  original  size;  it  is  not  soluble  in  any  organic  solvents 
and  is  very  resistant  to  chemical  action  except  the  hydrolytic  action  of 
mineral  acids  on  long  exposure. 

Fiber  finds  a  wide  variety  of  uses,  such  as  for  trunks,  bags,  handles 
of  cheap  cutlery,  receptacles,  such  as  waste  b^kets,  and  for  a  consider- 
able number  of  engineering  purposes,  notably  gears,  washers,  valv^ 
ete.  The  annual  producUon  in  the  United  States  is  over  15,000,000 
pounds. 

Lamp  Filaments.  When  the  possibility  of  incandescent  electric  Ughb* 
ing  was  first  realized  a  thorough  search  was  made  for  the  most  suitaUe 
material  for  making  filaments.  Lane-Fox  and  Swan,  in  England,  pro- 
duced a  carbon  filament  by  acting  upon  cotton  with   zinc  chloride,  and 
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this  practice  became  the  usual  method  of  producing  filaments  for  iucan- 
descent  lights. 

A  viscous  solution  of  cellulose  is  prepared  and  forced  through  capillary 
orifices  into  a  precipitating  bath.  The  iibi;rs  thus  produced  are  washed 
thoroughly  to  remove  alt  traces  of  zinc  chloride,  dried,  spun  into  filaments, 
and  carbonized  by  heating  between  layers  of  sawdust  to  exclude  air. 
Filaments  of  a  brown  translucent  appearance  r^emblii^  human  hair 
are  thus  produced. 

These  filaments  are  now  being  displaced  to  a  large  extent  by  ductile 
tungsten,  but  the  manufacture  is  still  of  very  large  proportions.  The 
process  is  carried  on  by  the  electric  companies  who  manufacture  the  lamps, 
and  an  idea  of  the  extent  of  the  industry  may  be  gained  frcon  the  fact 
that  one  factory  of  the  General  Electric  Company  produced  100,000 
lamps  per  day. 

Artificial  Silk.  This  class  of  materials  is  composed  of  cellulose 
filaments,  produced  by  several  processes,  and  resembling  the  luster  and 
qualities  of  natural  silk.  Silk  differs  from  other  natural  fibers  in  being 
a  continous  solid  thread,  and  many  unsuccessful  experiments  to  imitate 
it  had  been  made.  In  1884,  Chardonnet  (61)  produced  the  first  success- 
ful fiber,  and  founded  the  artificial  sUk  industry,  which  has  grown  rapidly 
and  has  become  to-day  very  important. 

There  are  three  successful  processes  in  use,  all  of  them  following 
the  procedure  of  preparing  a  solution  of  cellulose,  forcing  it  through 
a  minute  orifice,  and  precipitating  the  stream  of  solution,  thus  forming  a 
fiber.  The  processes  differ  by  the  method  of  obtaining  the  cellulose  solu- 
tion (a)  cellulose  nitrate,  {b)  cuprammoniiun  and  (c)  thiocarbonate. 

Cellulose  Nitrate  Silks.  These  were  the  first  artificial  silks  to  be 
made,  and  still  constitute  a  very  important  branch  of  the  industry.  The 
two  principal  modifications  of  this  process  are  those  of  Chardonnet  and 
Lehner.  In  both,  cotton  waste  or  hnters  is  nitrated  in  a  mixture  of  sul- 
phuric and  nitric  acid,  usually  in  centrift^al  machines  by  which  the  excess 
of  acid  is  removed  from  the  pyroxylin  produced.  Details  of  the  acid  bath, 
temperature,  and  time  of  nitration  are  given  in  the  patents.  The  product 
is  washed  thoroughly  in  water  and  dried  with  warm  air  or  grain  alcohol. 
The  pyroxylin  thus  prepared  is  dissolved  in  a  mbcture  of  ether  and 
alcohol  in  suitable  mixers,  a  20  per  cent  pyroxylin  solution  being  produced, 
and  carefully  filtered  to  remove  all  dirt,  or  other  solid  material.  The  clear 
solution  is  forced  by  hydraulic  pressure  through  orifices  about  0.09  mm. 
in  diameter  and  coagulated  with  warm  water  or  moist  air.  The  fibers  are 
washed  in  water,  denitrated  in  a  bath  of  alkaline  sulphide  solution, 
thoroughly  washed  in  tepid  water,  dried,  and  spun  into  thread,  the 
whole  process  being  carried  out  by  special  machines  of  intricate  design. 
Bleaching  is  necessary  to  obtain  the  proper  color.  The  filaments  thus 
produced  are  white  and  lustrous,  but  not  as  strong  as  natural  silk.  They 
contain  0.05-0.2  per  cent  of  nitrogen  and  10-12  per  cent  water  of  con- 
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dition.     The  breaiing  strain  is  greatly  diminished  by  wetting  with 
water. 

CuprammoniuiQ  Silks.  This  process  was  first  patented  by  Pelouze, 
and  has  been  developed  by  Fremery,  Urban,  Bronnert,  Linkmeyer,  and 
others,  the  product  being  calle'd  "  Lustra  Cellulose  "  or  "  Glanzstoff." 

The  cuprammonium  reagent  is  usually  prepared  by  exposing  thin 
sheet  copper  in  cylindrical  towers  to  the  combined  action  of  ammooia 
and  air.  The  tower  is  jacketed  and  cold  brine  circulated.  Concentrated 
ammonium  hydrate  trickles  down  over  the  copper,  and  cool  compressed- 
air  is  passed  up  through  the  mass.  Purified  cotton  is  dissolved  in  this 
reagent,  and  the  solution,  which  contains  about  8-10  per  cent  of  cellu- 
lose, 2-3  per  cent  of  copper  and  10-15  per  cent  NH3,  ia  purified  by  filtra- 
tion. A  prior  mercerization  of  the  cotton  promotes  solution  in  the 
cuprammonium.  It  is  forced  through  capillary  orifices  with  a  pressure 
of  about  50  pounds  per  square  Inch,  and  preciptated  in  a  bath  of  acid  or 
alkali.  The  fibers  are  now  thoroughly  washed  in  dilute  acid  and  water, 
and  dried  under  tension  at  moderate  temperatures. 

The  tensile  strength  seems  to  be  higher  than  that  of  the  pyroxylin  silks, 
and  the  water  of  condition  lower,  about  9  per  cent.  It  gives  no  reaction 
in  the  diphenylamine  test,  while  pjrroxyhn  silks  are  colored  deep  blue. 

This  process  has  overtaken  the  KTttxylin  silks  in  output,  but  has  now 
been  paaied  by  viscose  silks. 

Viscost  Silks.  This  process  has  been  developed  since  the  year  1907, 
and  depends  on  the  cellulose  tbiocarbonate  solution  discovered  by  Cross, 
Bevan  and  Beadle,  in  England,  in  1S92. 

The  raw  material  is  chemical  wood  pulp  which  must  be  as  pure  cellulose 
as  possible.  The  pulp  is  put  into  wire  baskets,  or  between  perforated 
plates,  and  immersed  in  sodium  hydrate  solution  in  iron  tanks  for  several 
hours.  The  excess  of  lye  is  removed  by  pressure  or  whizzing  until  the 
mass  weighs  about  three  times  the  original  pulp.  It  is  then  broken  up 
in  a  kneading-machine  and  allowed  to  stand  to  complete  the  reaction. 
The  pulp  is  now  put  into  a  mixing-machine,  and  about  30  per  cent  carbon 
bisulphide  added.  After  being  thoroughly  mixed,  soft  water  is  added 
with  or  without  the  addition  of  sodium  hydrate,  in  amounts  which  will 
give  the  desired  percentage  of  cellulose  and  of  sodium  hydrate.  The  ' 
yellow  solution  is  now  stored  in'  tanks  and  ^ed. 

The  solution  thus  made  is  formed  into  fibers  in  the  same  manner  as 
that  described  above,  the  precipitating  bath  consistii^  of  acid,  or,  in 
recent  developments,  alkalies.  The  fibers  are  then  thoroughly  washed, 
spun  into  threads,  bleached,  dyed,  etc. 

Viscose  silk  as  first  made  was  very  weak,  but  now  has  a  greater  tensile 
strength  than  either  the  cellulose  nitrate  or  cuprammonium  silk.  The 
water  of  condition  is  10-12  per  cent.  This  process  seems  to  yield  a  cheaper 
product  than  the  foregoing,  and  the  difficulties  which  have  hindered  its 
development  have  been  largely  overcome,  so  thai  to-day  the  viscose  pro- 
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cess  is  Bupplanting  the  older  Ones  and  seems  to  have  a  brighter 
future. 

Artificial  silks  are  produced  in  all  colors  and  designs  and  are  con- 
tinually finding  new  uses,  but  are  not  suitable  for  all  purposes  instead  of 
the  natural  silk.  There  are  about  thirty  factories  in  the  world,  principally 
in  England,  France,  Belgiiun,  and  Germany,  there  being  one  large  factory 
in  the  United  States.  The  total  output  of  artificial  silks  is  at  the  present 
time,  1914,  about  14,000,000  pounds  per  year  (62). 

CeUophane.  Transparent  sheets  are  produced  according  to  a  French 
process  by  flowing  a  solution  of  viscose  on  a  suitable  surface  and  precipita- 
ting the  cellulose  hydrate.  The  process  is  similar  to  the  manufacture 
of  viscose  silk  except  as  to  the  form  of  the  finishing  product.  Cellophane, 
either  colorless  or  delicately  colored,  and  with  policed  or  embossed 
surface,  is  used  principally  in  wrapping  confectionery. 

Pyrozylin  Solutions.  As  indicated  in  the  description  of  the  cellu- 
lose nitrates,  they  are  soluble  in  various  liquids,  of  which  the  chief  com- 
mercial solvents  are  wood-alcohol,  acetone,  amylacetate,  ethylacetate, 
ether-alcohol,  and  solutions  of  camphor  in  grain  alcohol.  Solutions  of 
various  grades  of  pyroxylins  of  maximum  soiubihty,  "  varnish  cotton," 
in  these  solvents  come  upon  the  market  for  various  purposes,  such  as 
(a)  collodion,  (fc)  lacquers,  (c)  bronzing  liquids,  (d)  enamels,  (e)-dope8  and 
cements.  The  solutions  are  prepared  by  dissolving  the  pyroxylin  in  the 
solvent  in  mixii^-machines  or  tumbling-barrels,  and  are  purified  by 
setthng  or  filtration. 

Dopes.  Dopes,  or  heavy  pyroxylin  solutions  are  used  principally 
for  finishing  leather  and  coating  airplane  fabrics,  pyroxylin  cement  for 
leather  is  used  in  belting,  etc.  These  consist  of  6  to  10  per  cent  pyroxy- 
Im  in  solvent  mixtures  which  may  contain  wood  alcohol,  amyl  acetate, 
acetone,  and  benzine. 

Phannacopceial  Collodion.  This  article,  which  comes  upon  the 
market  in  several  varieties  and  under  different  names  for  treatment  of 
cuts,  etc.,  is  a  3-5  per  cent  solution  of  pyroxylin  in  a  mixture  of  ether  and 
alcohol,  the  ordinary  proportions  being  three  parts  of  ether  to  one  of  gr^ 
alcohol.     The  pyroxylin  is  very  soluble,  made  by  nitrating  purified  cotton. 

Various  formulas  are  given  in  the  pharmacopceias  of  the  different  coun- 
tries for  making  elastic  collodion.  One  to  3  per  cent  of  castor  oil  is  added 
to  the  solution,  and  also  in  some  formulas  Canada  Balsam  or  turpentine. 
Other  ii^redients  are  sometimes  added  to  impart  the  desired  properties. 

Lacquers.  These  are  solutions  of  pyroxylin  and  resins,  and  are  used 
for  coating  metals,  wood,  etc.  They  are  classified  according  to  their 
method  of  apphcation,  as  dip,  spray,  or  brush  lacquers.  The  essential  dif- 
ference between  these  classes  ia  that  the  first-named  are  very  much  thinner, 
BO  that  the  article  to  be  coated  may  be  dipped  in  the  lacquer  and  the  excess 
drained  off  without  leaving  any  drip;  while  the  solvent  of  the  brush 
lacquers  must  be  less  volatile,  so  that  the  coat  may  flow  out  before  drying. 
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The  industry  depends  upon  the  proper  use  of  solveote,  and  of  these 
amylacetate  is  the  most  important,  because  it  is  Elow-drying  and  not 
hydroscopic-  The  use  of  this  solvent  was  patented  in  1882  by  J.  H. 
Stevens,  and  the  business  was  first  developed  by  Richard  Hale  and  the 
F.  Crane  Chemical  Company.  Besides  amylacetate  the  solvents  used  are 
wood-alcohol,  acetone,  fusel  oil,  and  diluents  such  as  benzine.  A  mix- 
ture of  solvents  is  used  which  will  yield  a  clear  film  on  drying. 

The  pyroxylin  used  is  of  maximum  solubility  and  of  low  viscosity,  con- 
taining about  12  per  cent  of  nitr(^n.  It  is  prepared  by  nitrating  purified 
cotton  waste,  yam,  or  other  pure  form  of  cellulose.  Celluloid  scrap 
is  also  used.  The  other  solid  ingredient  is  a  resin,  such  as  shellac, 
copal,  etc. 

Such  a  lacquer  deposits  an  exceedingly  thin  film  of  great  tenacity  and 
durability.  These  lacquers  are  used  for  coatii^  brass  goods,  silverware, 
wood-surfaces,  and  for  similar  purposes. 

BtoDxing  Liquids.  These  are  thin  solutions  of  about  3  per  cent  of 
pyroxylin  in  suitable  solvents,  usuedly  containing  a  small  percentage 
of  resin.  Bronze  powder,  usually  aluminum,  is  thoroughly  mixed  with 
a  bronzing  liquid,  and  applied  with  a  brush.  It  finds  a  wide  use  for 
gildii^  radiators  and  other  metal  articles.  Various  colors  are  made  to 
imitate  the  different  metallic  finishes. 

Enamels.  By  addii^  p^ments  and  other  coloring  matters  to  the 
lacquers  described  above,  pyroxylin  enamels  are  produced  in  every  color 
and  in  many  grades.  Beautiful,  hard,  durable  finishes  are  thus  obtained  on 
wood  and  metals,  and  the  use  of  these  solutions  is  steadily  increasing  (63). 

Artificial  Leather.  This  material,  which  is  made  in  many  grades 
imitating  all  kinds  of  natural  leather,  consists  of  a  fabric  with  a  tou^, 
flexible  coating  in  which  pyroxylin  is  usually  the  essential  ingredient. 
A  dope,  or  thick  solution  of  pyroxylin  in  proper  solvents,  is  applied  by 
means  of  a  spreadit^  device  to  the  surface  of  the  fabric  as  it  unwinds 
from  a  roll.  The  solvents  evaporate  and  the  surface  is  embossed  or 
otherwise  ornamented  by  being  passed  through  calendar  rolls  or  emboss* 
ing  presses.     The  dope  usually  contains  castor  oil  or  similar  substance. 

This  industry  has  become  a  very  important  one  both  in  foreign  coun- 
tries and  in  the  United  States,  and  very  handsome  products  are  obtained. 
About  50,000  yards  of  pyroxyUn  artificial  leather  are  made  per  day  in  this 
country.  Pyroxylin  solution  is  also  applied  to  real  leather  in  produc- 
ing enamel  and  patent  leather.  The  dope  contains  of  a  mixture  of 
pyroxylin,  castor  or  other  oil  in  wood-alcohol,  amylacetate,  fusel  oil, 
or  benzine  and  pigments  to  obtain  the  desired  color  effects.  The  solution 
containing  6-10  per  cent  of  pyroxylin  (64). 

Photographic  Films.  In  the  development  of  photography  a  flexible 
support  for  the  emulsion  had  long  been  desired,  and  was  first  produced 
by  H.  Goodwin  in  1887,  U.  S.  Patent  610861.  TTie  manufacture  of 
flexible  supports  of  photographic  films  was  introduced   by  the   Eastman 
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Kodak  Compaay,  and  has  reached  a  marvelous  development,  so  that 
to-day  pyroxylin  photi^raphic  and  moving-picture  films  form  an  enor- 
mous industry. 

The  pyroxylin  is  made  by  nitrating  purified  cotton  waste  or  other 
cotton  cellulose,  and  must  be  of  great  solubility,  the  criteria  being  umilar 
to  those  obtaining  for  varnish  cottons.  A  solution  is  made  of  pyroxylin 
and  camphor  in  a  mixture  of  wood-alcohol,  amylacetate,  and  other  solvents, 
and  this  is  poured  on  a  smooth  surface  and  allowed  to  evaporate,  forming 
a  film.  The  surface  used  is  either  flat  glass  tables  or  a  revolving  drum 
with  specially  prepared  surface.  When  dry  the  fiim  is  stripped  off,  slit 
into  the  desired  width,  and  cut  into  lengths. 

The  manufacture  of  the  film  is  attended  with  great  difficulties,  as  the 
product  must  be  entirely  transparent,  free  from  specks,  and  of  uniform 
thickness,  about  5/1000  of  on  inch.  For  movii^  fuctures  strips  If  inches 
wide  and  1000  feet  long  constitute  one  reel.  These  are  slotted  to  secure 
the  intermittent  motion  through  the  photographing  or  projecting  instru- 
ments, both  positive  and  negative  films  being  used.  For  ordinary  camera 
work,  fibns  of  various  ^ses  are  prepared.  It  is  estimated  that  the  duly 
production  of  photographic  fiim  in  the  world  amounts  to  150,000  to  200,000 
square  feet  (65). 

Cellulose  Nitrate  Plastics.  Plastic  materials  with  pyroxylin  as  a 
base  were  first  made  in  England,  by  A.  Parkes  in  1855  and  D,  Spill  in 
1868.  The  methods  were  crude,  and  the  full  rignificance  of  the  solvent 
power  of  camphor  was  not  realized.  The  industry  was  really  founded 
in  this  country  in  1869,  by  J.  W.  and  I.  S.  Hyatt,  who  investigated 
the  action  of  camphor  upon  cellulose  nitrates,  and  devised  splendid 
mechanical  methods  for  makipg  these  plastics,  to  which  they  gave  the 
name  celluloid. 

Pyroxylin  plastics,  variously  called  celluloid,  xylonite,  pyralin,  fiberloid, 
viscoloid,  and  other  names,  consist  of  a  mixture  or  solid  solution  of 
cellulose  nitrate  and  camphor,  there  being  formed  a  loose  union  of  the 
cellulose  with  the  ketone  group  of  the  camphor,  as  first  pointed  out  by 
R.  C  SchUpphatiB.  The  composition  is  25-40  parts  of  camphor  to  100 
parts  of  pyroxylin,  solution  being  obta'ned  by  the  use  of  a  liquid  solvent, 
such  as  alcohol. 

Cellulose  tissue  paper  or  purified  cotton  is  nitrated  in  such  a  manner 
that  the  product  contains  10.8-11.6  per  cent  of  nitrogen,  and  hence  of 
lower  iofiammability  than  any  other  commercial  nitrate,  is  readily  soluble 
in  camphor-alcohol,  and  gives  more  viscous  solution  than  varnish  cot- 
ton. After  thoroughly  washing,  to  insure  stability,  the  pyroxylin  is  dried 
and  mixed  with  camphor  and  alcohol  in  suitable  mixing-machines  or 
between  steel  rolls,  and  various  coloring  matters,  to  produce  the  deared 
effects,  are  incorporated.  The  pasty  mass  is  pressed  into  a  block  by 
hydraulic  pressure  under  heat.  It  is  then  cooled,  whereupon  the  material 
becomes  very  stiff,  and  is  planed  into  sheets  of  any  tnickness  from  5/1000 
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up  to  1  inch  or  more.  Mottled  efFecte,  to  imitate  tortoise-ehell,  etc.,  are 
produced  by  a  mixture  of  two  or  more  colors,  and  stratified-  materials 
imitating  ivory,  horn,  etc.,  by  placing  together  alternate  layers  of  different 
colored  materials.    Almost  every  natural  material  may  be  imitated. 

Celluloid  is  made  in  all  colors,  the  principal  classes  being  trans- 
parent, cream,  ebony,  ivory,  pearl,  amber,  and  shell.  It  is  used  for 
brushes,  combs,  and  other  toilet  articles,  hair  ornaments,  collars,  automo- 
bile windows,  and  for  other  purposes  too  numerous  to  mention.  There 
are  about  fifteen  factories  in  the  world  maklDg  this  class  of  materials,  situ- 
ated in  the  United  States,  England,  France,  Germany,  Austria,  and  Japan. 
The  total  production  throughout  the  world  is  200,000-250,000  pounds 
per  day. 

Pyroxylin  plastic  is  one  of  the  strongest  artificial  materials,  possessing 
a  tensile  strength  of  10-12,000  pounds  per  square  inch.  It  takes  a  beauti- 
ful finish  and  has  great  plasticity,  softening  upon  heatii^,  and  r^aining 
its  strength  and  appearance  upon  cooling.  It  is  molded  in  dies  to  any 
desired  form,  cut,  sawed,  turned  in  a  lathe,  etc.  As  now  prepared  it  is 
very  stable  against  the  action  of  heat,  but  is  readily  ignited  by  a  flame. 
It  is  very  inflammable,  but  not  explosive,  except  that  when  burned  in 
lai^  masses  in  an  enclosed  space  inflammable  vapors  are  given  off  which 
may  burst  into  flame  (66). 

Acetate  Industries.  While  pyroxylin  plastics  are  expensive,  cellu- 
lose acetate  is  much  more  so  on  account  of  the  necessary  use  of  the 
expensive  acetic  anhydride  and  the  great  losses  of  this  substance.  This 
fact,  and  inferiorities  to  pyroxylin  materials  in  strength  and  plasticity, 
have  greatly  hindered  the  industrial  development  of  cellulose  acetate, 
BO  that  it  is  still  an  almost  negli  ible  factor. 

Purified  cotton  or  other  form  of  cellulose  is  converted  into  the  acetate 
by  treatment  with  acetic  anhydride  and  sulphuric  acid  in  pots,  and  the 
product  thoroughly  washed  and  dried.  The  cellulose  acetate  is  dissolved 
in  chlorinated  solvents  in  mixing-machines,  the  manipulation  being  similar 
to  that  of  cellulwd.  Various  ingredients  to  secure  plasticity  are  added, 
but  no  one  substance  which  imparts  the  remarkable  properties  that  cam- 
phor does  to  cellulose  nitrate  has  been  found. 

Cellulose  acetate  plastics  thus  prepared  in  sheets  of  varying  thicknesses 
are  practically  non-inflammable,  melting  upon  the  application  of  flame, 
and  burning  very  slowly,  and  ceaung  to  bum  when  the  source  of  heating 
is  removed. 

Cellon  is  the  name  given  to  a  cellulose  acetate  plastic  in  Germany,  which 
is  made  to  some  extent  in  imitation  of  pyroxylin  plastics.  The  most 
successful  application  has  been  for  mo  ing-picture  films,  to  which  purpose 
it  is  adapted  on  account  of  its  non-inflammable  character.  Owing,  how- 
ever, to  the  weakness  of  the  film  as  compared  with  pyroxylin  film  and  other 
inferior  qualities,  together  with  its  high  cost,  its  use  has  been  abandoned 
in  the  United  States  and  is  limited  in  other  countries.     Cellulose  acetate 
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also  finds  considerable  application  in  insulating  fine  wire  and  also  for 
fabrics  used  in  balloons  and  aeroplanes  (67). 

INDUSTRIES   DEPENDING    ON    CHANGE   IN    CHEMICAL 
BEHAVIOR. 

Explosives.  The  modem  explosive  industries  axe  founded  od  the 
use  of  highly  nitrated  cellulose  such  as  gun-cotton,  gelatin-cotton,  and 
other  nitrates.  Aa  this  industry  is  described  in  Chapter  XL,  it  will  not 
be  considered  in  this  article. 

Industries  depending  upon  decomposition  of  cellulose. 

SistillAtion  Products.    In  the  discussion  of  reactions  in  Section  I, 
the  products  of  distillation  of  pure  cellulose  are  given.     It  may  now  be 
noted  that  in  distilling  wood  somewhat  different  products  are  obtained, 
on  account  of  the  presence  of  lignin,  as  shown  in  the  following  table: 
DISTILLATION  OF  WOODS     . 


^irs°- 

Hardwood. 

P.rC«t 

38 

10.1-10.3 

0.2 

3.8 

0.6 

O.fl 

0.2 

3.2-3.5 

8 

8-12 

22-26 

COi                               ' 

OrgaDJc  SubntoDces  in  AceUte 

6-8 

Hardwoods,  on  account  of  their  higher  content  of  l^;nin,  produce 
more  methyl  alcohol  and  acetic  acid  than  do  evergreens  and  are 
eonsequently  exclusively  used  for  this  purpose.  Large  steel  retorts 
are  used,  either  vertical  or  horizontal,  or  large  ovena  into  which  the  wood 
is  run  on  cars  charged  with  hardwood  cut  into  proper  lengths.  When 
distillation  commences,  water  ctunes  over  first,  then  acetic  acid,  wood- 
alcohol,  acetone,  tar  oils,  gas,  and  heavy  tar  oils.  The  heating  is  continued 
up  to  about  350°  C,  the  residue  consisting  of  wood-charcoal.  The  distillate 
is  separated  into  fractions  by  distillation  and  the  fractions  purified.  Ten 
gallons  of  wood-alcohol,  200  pounds  of  acetate  of  lime,  and  50  bushels  of 
charcoal  are  obtained  per  cord  of  wood. 

The  wood-products  industry  is  of  great  importance,  being  practically 
the  entire  source  of  these  materials,  and  is  very  largely  an  American  indus- 
try.    See  Chapter  XXIII  (68). 

Oxalic  Add.  This  is  made  by  heating  sawdust  or  wood-chips 
with  twice  its  weight  (^  a  mixture  of  caustic  soda  and  caustic  potash  at 

Dkjmz.^   ;,L.OOg[C 


CEIXUtOSE  INDUSTRIES  1067 

240  to  250'  C,  for  one  and  one-half  hours.  The  melt  is  dissolved  in  water 
and  the  sodium  oxalate  may  be  removed  by  crystallization;  or  calcium 
oxalate  is  precipitated  by  lime,  filtered  off,  and  the  oxalic  acid  set  free  by 
sulphuric  acid,  and  purified  by  recrystallization.  One  part  of  cellulose' 
yields  1.2  parts  of  oxalic  acid  (69). 

Ettiyl  Alcohol  from  Wood  Waste.    As  noted  above,  cellulose  may 

'  be  quantitatively  converted  into  glucose  by  treatment  with  sulphuric 
acid,  so  it  would  appear  to  be  a  simple  matter  to  ferment  the  glucose 
and  obtaia  ethyl  alcohol.  In  practice  the  process  is  attended  with  great 
difficulties,  so  that  little  prt^ress  has  been  made  until  recent  years.  In 
the  processes  developed  by  Classen  and  by  Tomlinson  and  Ewen  these 
difficulties  have  been  surmounted  to  a  certdn  extent  and  the  industry 
put  upon  a  commercial  basis,  where  it  is  now  beginning  to  compete  with 
alcohol  from  com  and  molasses.  Sawdust  is  treated  with  about  1  per 
'  cent  of  its  weight  of  gaseous  sulphurous  acid  in  rotating  cylinders. 
Steam  is  introduced,  bringing  the  pressure  up  to  about  100  pounds,  and 
the  mass  is  cooked  until  the  maximum  hydrolysis  is  effected.  The  gases 
are  released  and  the  material  extracted  with  water,  hydrolyzed,  fermented 
and  distilled.  It  is  stated  that  one  ton  of  sawdust  produces  20  gallons 
of  alcohol.  The  process  has  been  developed  in  this  country,  and  there 
are  to-day  two  plants  in  operation,  one  in  South  Carolina  and  the  other 

-  in  Louisiana,  the  total  product  beii^  5000  gallons  of  alcohol  per  day  (70). 

REFERENCES. 
Cross  and  Bevan,  "  Cellulose."    1895. 

Cross  and  Bevan,  "  Researches  on  Cellulose."  I.  1895-1900. 
Cross  and  Bevan,  "  Researches  on  Cellulose."  II.  1900-1905. 
Cross  and  Bevan,  "  Researches  on  CeUulose."  III.  1905-1910. 
C.  G.  Schwalbe,"  Die  Chemie  der  Cellulose." 

1.  Bull.  Rouen.    1883,  188-196. 

Anun.  Ohim.  Phys.    1881:  (3)  24;  337-384. 

2.  Czapek,  "  Bio-Chemie  der  Pflanzen."    1-545. 
ToUens,  "  Handbuch  der  Kohlenhydrate."    1-247, 

3.  Renker,  "  Die  Bestimmungsmethoden  der  Cellulose."    Berlin,  1910. 

4.  Hugo  MiUler,  "  Pflansenfaser." 

5.  Cross  and  Bevan,  "  Researches  on  Cellulose."    1905-1910. 

6.  Journal  Chem.  8oc.    1906;  SlI. 

7.  Z.  f.  ang.  Ch.  1907,  20;  1823. 

8.  Jonmal  Soc.  Chem.,  Ind.     1895,  449. 

9.  Scheurer,  Bull.  Mulhouae.     1900,  89. 
Bowman,  Z.  f.  ang.  Ch.     1905, 1988. 

10.  Zacharias'  "  Theorie  der  Farbevor^nge."     1908. 
U.  Scheurer,  Bull.  Mulhouse.     1888,361. 

12.  Ost  and  Weethoff,  Chem.  Zeitung.     1909,  197. 

13.  Klason,  Z.  f.ang.  Ch.     1909, 1205. 

BQttner  und  WiscUcenus,  Joum.  Prakt.  Chemie,    1909, 177. 


=y  Google 


)68  INDU8TRUL  CHEMISTRY 

14.  Czapek,  "  Bio-Chemie  der  Pflanien."     290 

15.  Cross  and  Sevan,  "  Cellulose."    8. 

16.  Hanausek,  Chem.  Zeitung.     1894,  441. 

17.  Schweizer,  Joum.  Prakt.  Chem.     1857,  109-344. 

18.  Girard,  Ann.  Chim.  Phya.     (5)  24,  10&-344. 

19.  Witz,  Bull.  Rouen.     1881,  342;  1882,  438. 
Guignet  Comp.  rendu.     1889,  1258. 

20.  Scheurer,  Bull.  Mulhouse.     1888,  354. 
Stem,  "  Thesis  for  D.  Sc.  Lond.  Univ.     1894. 

21.  Hake  and  Lewis,  Joum.  Soc.  Chem.  Ind.     1905,  374,  914. 

22.  Hadow,  Jahresbricht  der  Chemie.     1854,  626. 
Haussemiaun,  Chem.  Zeitung.     1905,  421. 

23.  Fenton  and  Gostling,  Joum.  Soc.  Chem.  Ind.    1901,  361. 

24.  Cross  and  Bevan,  "  Cellulose,"    36. 

.     "  Researches  on  Cellulose."     1895-1900,  40. 
Worden,  C^bohydrate  Esters. 

25.  Woodbridge,  Joum.  Amer.  Chem.  Soc.     1909,  1067. 

26.  Pamell,  "  Life  and  Labours  of  John  Mercer."    1886. 

27.  Bmncke  and  Wolfenstein,  Ber.    1899,  2501.     ' 

28.  Cross  and  Bevan,  "  Cellulose."    25. 

29.  Witz,  Bull.  Rouen,     1882,  447. 

30.  Schwalbe,  "  Die  Chemie  der  Cellulose."     160-211, 

31.  Schwalbe,  "  Die  Chemie  der  Cellulose."     211-221. 

32.  Schwalbe,  "  Die  Chemie  der  Cellulose."    221-560. 

33.  Braconnot,  Ann.  Chim,  Phys.     1833,  245. 

34.  Pelouie,  Ann.  Chim.  Phys.    1838,  38. 
36.  Schdnbein,  Phil.  Mag.    3  (31)  7. 

36.  Comp.  rendu.    1882, 132. 

37.  Ber.    1880,  178. 

38.  Joum.  Amer.  Chem.  Soc.    1901,  33. 

Z.  f.  ang.  Ch.  1899,  441-467,  1901,  483-513. 

39.  Joum.  Soc.  Chem.  Ind.    1907,  443. 

40.  "  Mitteilungen."    4,  ft-24,   ' 
Ber.   1901,  40L 

41.  Joum.  Soe.  Chem.  Ind.     1909,  461. 

42.  Chem.  Zeitung.     1905,  421. 

43.  Joum.  Soc.  Chem.  Ind.     1908,  937. 
Z.  f.  Schiess.     Spreng.     1907,  403. 

44.  Moniteur  Scicntifique.     1897,  510. 

45.  Joum.  Soe.  Chem.  Ind.     1910,  540. 

46.  Comp.  rendu.     1869,  814. 

47.  Comp.  rendu.     1881,  1053. 

48.  Walker,  Joum.  Franklin  Institute.     1907,  136. 

49.  Oat.  Z,  f.  ang.  Chem.     1906,  993. 
80.  Cross  and  Bevan,  "  Cellulose."    15. 
51,  Matthews,  "Textile  Fibers." 

62.  Schwalbe,  "  Die  Chemie  der  Cellulose."    610. 

63.  Kdnig,  "  Die  Untersuchung  laudwirtschaftlicher  und  .gewerblich   : 


vL.oogie 


CELLULOSE  INDUSTRIES  1069 

54.  Cohn,  Z.  f.  aog.  Chem.      190S,  254. 

55.  Schulz,  "  Zur  Kenntnis  der  Celluloee-arten  ",  Darmstadt.    1910. 
Z.  f.  ang.  Cbem.    1910,  924. 

56.  View^,  "  PapiereeituDg."    1909, 135. 

57.  Cross  and  Bevan,  "  Celluloee."    82. 

58.  SapoBchnikow  and  Minajeff,  "  Zeitsduf.  Farben  und    Teittile    Industrie." 
1904,  163. 

59.  Matthews,  "  Textile  Rbers." 

Httbner  and  Pope,  Joum.  Soc.  Chem.  Ind.    I903,  70,  1904,  401. 

60.  "  Papier  Zeitung,"  1905,  3183,  1908,  3330. 
Almy,  Met.  and  Chem.,  Oct.  IS,  1915. 

61.  SQvem,  "DieEunstlicheSeide,"  (Z.  f.  ang.  Chem.  1908;  1731) 

62.  KunstBtoffe.    1913,  276,  334,  477. 

63.  Worden,  "  Nitrocellulose  Industry,"  Chap.  IV  to  X. 

64.  Worden, "  Nitrocellulose  Industry,"  Chap.  XI. 
Kunstfitode.     1912,  101,  124,  183,  1913,  241. 

65.  Massclon,  Roberts  and  Cillard,  "  Celluloid."     Chap,  X. 
Worden,  "  Nitrocellulose  Industry."     Chap.  XVII. 

66.  Massclon,  Roberts  and  Cillard,  "  Celluloid."    1912. 
Axtell,  Joum.  Ind.  and  Eng.  Chem.    1913,  38. 

67.  Ost,  Z.  f.  ang.  Chem.  1906,  993. 
EichengrQn,  Z.  f.  ang.  Chem.  1908, 1729. 
Walker,  Joum.  Franklin  Institute,   1907. 131. 

68.  Teeple,  Joum.  Ind.  and  Eng.  Chem.    1913,  680. 

69.  Hedenstrfim,  Chem.  Zeitung.    1910,613;  1911,863. 

70.  Joum.  Soc.  Chem.  Ind.    1909,  1290. 
Joum.  Ind.  and  Eng.  Chem.    1913,  6S0. 


=y  Google 


CHAPTER  XLVI 

EXPLOSIVES 

O.  W.  WILLCOX 

Chemical  Direetor,  Siloerford  Plant,  £lna  Bxplataei  Co.,  Newton  HamQUm,  Ptrma, 

An  explosive  is  a  Bubatanee  or  mixture  of  substances  which  by  proper 
means  cao  be  made  to  decompose  with  great  violence  in  such  a  way  as 
to  produce  useful  results,  such  as  shattering  rock  and  other  obstacles,  or 
the  propulsion  of  projectilee.  A  large  number  of  substances  which  may 
be  classed  as  explosives  are  now  known  to  chemistry,  but  for  practical 
purposes  only  those  explosives  which  can  be  manufactured  cheaply  on  a 
lai^  scale,  and  which  possess  certain  desirable  properties,  are  of  com- 
mercial importance. 

With  few  exceptions  all  conunercial  explosives  are  in  one  way  or 
another  derivatives  of  nitric  acid,  being  either  simple  definite  compounds 
containing  the  radicals  NO3  or  NO3,  or  mixtures  of  an  oncanic  or  inoi^anic 
nitrate  with  other  substances  which  are  easily  oxidized.  The  most  impor- 
tant commercial  explosives  may  be  grouped  in  the  followii^  classes: 

1.  Black  powder  and  similar  mixtures. 

2.  Explosives  consisting  of  nitrocellulose  or  nitrostarch. 

3.  Explosives  consisting  in  whole  or  in  part  of  lutroglycerine,  dinitro- 
glycerine,  diglyoerine  nitrate  and  other  nitrated  derivatives  of  glycerine 
(usually  designated  as  dynamites). 

4.  Various  aromatic  nitro  compounds,  such  as  picric  acid  and  tri- 
nitrotoluol. 

5.  Fulminants,  primers,  or  detonators,  of  which  mercury  fulminate 
may  be  regarded  as  the  type. 

Explosives  are  put  to  widely  different  uses  and  no  one  explosive  has 
been  found  which  will  answer  all  purposes,  Dynamite  caimot  be  used  as 
a  propelling  agent  in  firearms,  and  smokeless  powder  is  not  used  as  a  sub- 
stitute for  dynamite  in  ordinary  blasting  operations.  Explosives  suitable 
for  military  purposes  must  conform  to  requirements  quite  different  from 
those  demanded  for  technical  purposes,  and  an  explosive  suitable  for  use 
in  a  stone  quarry  may  be  totally  unsuitable  for  use  in  a  coal  mine.  In 
consequence  of  these  varying  requirements  and  the  differii^  character  c^ 
the  raw  materials  and  end  products,  the  explosives  industry  is  divided 
between  factories  which  are  quite  unlike  in  design,  equipment,  tmd  methods 
of  operation.  . 
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The  effect  of  an  exploaion  is  produced  by  the  sudden  liberation  of  large 
quantities  of  gas  which  is  at  a  high  temperature  acquired  from  the  heat  of 
the  reaction.  When  confined  in  a  small  space  this  hot  gas  necessarily 
exerts  an  enormous  pressure  on  surrounding  objects. 

Black  Powder.  Black  powder,  or  ordinary  gunpowder,  was  the  only 
explosive  in  general  use  up  to  the  latter  half  of  the  nineteenth  century. 
It  is  said  to  have  been  discovered  in  the  thirteenth  century,  but  its 
origin  as  well  as  the  identity  of  its  inventor  is  involved  in  an  obscurity 
which  probably  can  never  be  cleared.  The  first  powder  mill  is  siud  to 
have  been  erected  at  Augsburg  in  1340,  and  from  that  time  to  this  black 
powder  has  retained,  with  very  slight  variations,  the  composition  given 
to  it  by  the  first  powder  makers.  Although  inferior  in  strength  to  many 
explosives  recently  discovered  it  is  still  being  manufactured  on  an  enor- 
mous scale. 

For  a  long  time  after  its  discovery  black  powder  was  used  exclusively 
for  military  piuposee.  Its  peaceful  application  to  the  mining  industry 
b^an  about  two  hundred  years  ago. 

CompoaiHon.  Typical  black  powder  is  an  intimate  mixture  of  potas- 
sium nitrate,  wood  charcoal,  and  sulphur.  It  is  generally  manufactured 
in  granular  form,  the  individual  granules  having  a  slight  coatit^  of  graphite. 
The  composition  of  black  powder  varies  slightly  in  different  countries. 
Guttmann  gives  the  following  table  for  the  powder  most  commonly  used: 


Germany 

Fr&nce 

England 

Hdlhad 

Italy 

Aiutria 

Switzerland. . . 
United  States. 


The  process  of  manufacture  consists  simply  of  mixing  thoroughly  the 
constituents,  and  of  forming  the  mass  into  grains  of  different  sizes,  as 
required  for  different  purposes. 

The  Ravt  Materials  of  Black  Powder.  The  potassium  nitrate  (salt- 
peter) used  in  manufacture  of  black  powder  is  either  "  natural  "  saltpeter 
or  the  so-called  "  conversion  "  saltpeter.  "  Natural  "  saltpeter  is  obtained 
by  subjecting  nitrogenous  organic  matter  to  decay  in  the  presence  of  wood 
ashes.  It  has  been  manufactured  in  this  manner  from  early  times  on  a 
large  scale  in  India.  "  Conversion  "  saltpeter  is  obtained  by  treating  a 
solution  of  potassium  chloride  (Stassfurt  salts)  with  the  solution  of  a  soluble 
nitrate,  such  as  sodium  nitrate  from  the  Chili  nitrate  fields. 
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Natural  saltpeter  ie  preferred  for  powijer  making,  since  the  conversion 
saltpeter  frequently  contains  traces  of  potassium  or  sodium  perchlorates, 
the  presence  of  which  makes  the  powder  leas  imiform  and  less  reliable. 
The  better  grades  of  sporting  and  military  black  powders  are  made  from 
the  natural  saltpeter. 

Charcoal  which  has  been  made  by  charring  peeled,  well-seasoned  9'iUow 
wood  is  preferred  for  black  powder  making,  although  many  other  kinds 
of  wood,  and  even  hanp,  flax,  and  straw  are  used.  For  certain  kinds  of 
powder  it  is  required  that  as  much  as  possible  of  the  volatile  matter  be 
driven  off.  For  other  kinds  the  wood  is  only  partly  carbonized,  when 
the  charcoal,  instead  of  being  black,  has  a  red  or  brown  appearance.  These 
brown  coals  are  used  for  making  sporting  powders  and  were  formerly  used 
exclusively  in  military  powders  for  large  caliber  guns. 

The  sulphur  used  in  black  powder  manufacture  is  ordinary  sulphur  as 
free  as  possible  from  impurities. 

Process  of  Manufacture.  The  technical  process  of  mixing  these  in- 
gredients involves  a  number  of  separate  operations  as  follows: 

1.  Pulverizing  the  raw  materials. 

2.  Mixing  the  raw  materials. 

3.  Compressii^. 

4.  Graining. 

5.  Drying. 

6.  Dusting  and  sorting. 

7.  Polishing. 

8.  Blending. 

The  raw  materials  are  first  pulverized  in  revolving  drums  containing 
bronze  balls.  For  this  operation  they  are  taken  in  pairs;  that  is  salt- 
peter and  sulphur;  saltpeter  and  charcoal;  charcoal  and  sulphur.  The 
different  pairs  are  then  mixed  in  proper  proportion  and  further  ground  in 
the  bail-mill.  In  this  condition  the  powder  is  known  as  "  meal,"  and  may 
be  used  without  further  treatment  for  making  fireworks  or  fuses.  It  is 
not,  however,  in  a  form  suitable  for  blasting  or  for  use  in  firearms. 

The  grinding  in  the  batl-mill  serves  merely  as  a  preliminary  mixing. 
To  secure  a  more  thorough  incorporation  of  the  raw  materials,  the  meal 
is  nejtt  ground  in  a  mill  provided  with  heavy  edge-runners.  This  is  a  type 
of  mill  extensively  used  in  many  industries,  and  consists  of  two  heavy, 
broad-edged  wheels,  connected  by  a  short  axle  which  is  caused  to  revolve 
horizontally  by  an  upri^t  shaft.  The  two  wheels  or  runners  travel 
around  a  circular  basin  which  contains  the  material  to  be  ground,  and  which 
is  subjected  to  a  combined  crushing  and  grinding  action.  This  operation 
lasts  about  four  hours.  Before  grinding  under  the  edge-runners  about 
10  per  cent  of  water  is  added  to  the  powder  to  reduce  the  danger  of  explo- 
sion by  friction.  In  spite  of  all  precautions  the  mass  frequently  explodes 
and  for  this  reason  no  person  is  allowed  in  the  grinding  room  while  the  run- 
ners are  in  motion,  the  mills  being  started  and  stopped  from  a  distance. 
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After  the  grinding  is  complete  the  mase  is  pressed  into  sheets,  and  the 
eheets  subjected  to  further  pressure  aud  consolidation  in  a  hydraulic 
pieas.  The  pressure  employed  in  these  hydraulic  presses  varies  from  100 
to  110  atmospheres,  the  powder  remaining  in  the  press  for  from  one-half 
to  two  hours.  Sporting  powders  are  pressed  so  as  to  obtain  a  specific 
gravity  of  1.7  or  1.8,  while  the  specific  gravity  of  blasting  powders  is  only 
about  1.5.  . 

The  cakes  are  next  broken  up  and  the  fragments  passed  through  sieves 
of  difTerent  mesh,  which  sort  the  material  into  grains  of  uniform  sizes, 
the  grains  ranging  from  0.3  to  l.S  millimeters  in  longest  dimensions.  The 
next  step  is  to  remove  the  greater  part  of  the  added  water  by  means  of  dry 
air  at  a  moderate  temperature.  When  the  moisture  has  been  reduced  so 
that  the  powder  contains  from  1.5  to  3  per  cent,  depending  on  the  grade,  it 
is  again  sifted  to  remove  dust,  which  is  returned  to  the  grinding  mill. 
The  powder  is  then  polished  by  rotating  in  wooden  drums.  This  serves 
to  rub  off  sharp  comer*.  After  a  further  sifting  to  remove  dust,  the  pow- 
der is  polished  by  shaking  in  the  drum  with  a  small  quantity  of  graphite. 
Different  grades  of  powder  may  be  blended,  as  required,  after  which  the 
finished  product  is  packed  for  the  market  in  air-tight  packages. 

Chemistry  of  Black  Powder  Explosions.  The  action  of  black  powder 
as  an  explosive  depends  on  the  fact  that  on  ignition  the  carbon  and  sulphur 
are  rapidly  burned  at  the  expense  of  the  oxygen  of  the  potassium  nitrate, 
whereby  large  volumes  of  gas  are  liberated. 

The  temperature  of  combustion  being  very  high,  the  gas  tends  to 
increase  enormously  in  volume;  and  if  the  space  in  which  the  combustion 
takes  place  is  limited  it  exerts  an  enormous  pressure  and  hence  is  able  to 
rend  obstructions,  or  propel  shot.  The  ideal  reaction  of  decomposition 
of  black  powder  is: 

2KN03+3C+S=K2S-J-N2+3C02. 

But  the  products  of  decomposition  vary  greatly  under  different  con- 
ditions. In  general,  black  powder  in  decomposing  gives  off  about  43 
per  cent  of  its  we^t  of  gaseous  products  and  57  per  cent  of  solid  products. 
Thus  more  then  one-half  of  the  products  of  decomposition  contribute  noth- 
ing directly  to  the  force  of  explosion.  This  is  one  of  the  reasons  why  black 
powder  is  one  of  the  least  effective  explosives  in  general  use. 

Mixtures  Sunilar  to  Black  Powder.  Black  powder  may  be  regarded  as 
the  type  of  explosives  which  are  essentially  mbctures  of  a  nitrate  with 
easily  oxidizable  substances.  Instead  of  potassium  nitrate,  the  cheaper 
sodium  nitrate  might  be  used  as  a  constituent  of  black  powder,  but  this 
is  not  done  on  account  of  the  greater  hygroscopicity  of  the  sodium  salt. 
The  non-hygroscopic  character  of  potassium  nitrate  assures  ordinary 
black  powder  a  permanent  place  in  the  industry,  as  this  property  is  indis- 
pensable for  many  purposes,  such  as  in  the  manufacture  of  primers,  fuses, 

D,uMZK;l;,V.OOglC 


1074  INDUSTRIAL  CHEMISTRY 

fireworks,  etc.,  but  where  this  is  not  essential,  substitution  of  other  nitrates 
may  be  made. 

At  the  present  time  immense  quantities  of  powders  containing  am- 
monium nitrate  as  base  or  as  a  prominent  constituent  are  being  made. 
Although  hygroscopic,  this  salt  has  many  properties  which  are  very  desir- 
able from  the  standpoint  of  the  user  of  explosives.  Its  low  molecular 
weight  gives  it  a  relatively  high  oxidizing  power  per  pound,  and  its  prod- 
ucts of  decomposition  being  all  gaseous,  explosives  containing  it  are 
consequently  more  powerful  than  those  containing  nitrates  of  metallic 
elements.  Besides  being  more  and  more  extensively  used  in  industrial 
explosives  it  has  been  employed  on  a  very  lai^  scale  in  the  recent  great 
war,  especially  in  the  form  of  a  powder  containing  ammonium  nitrate  as 
oxygen  caxrier  and  dinitronaphthalene  as  oxidizable  substance.  At  the 
present  time  the  demand  for  ammonium  nitrate  is  sufficient  to  absoii> 
all  the  surplus  nitric  acid  and  ammonia  the  country  can  produce. 

Ammonium  nitrate  has  even  been  used  to  produce  a  powerful  explosive 
known  as  ammonal.  It  consists  of  an  intimate  mixture  of  finely  pulver^ 
ized  metallic  aluminum  and  ammonium  nitrate,  which  ideally  decomposes 
according  to  the  reaction 

2Al+2NH4N03-Al208+2N2+2HaO+H20. 

This  reaction  develops  great  heat,  which  gives  a  correspondingly  hi^ 
pressure  to  the  gaseous  products.  Unlike  black  powder,  ammonal  cannot 
be  set  off  by  a  simple  ignition,  but  must  be  exploded  by  a  shock  from  the 
explosion  of  a  primer  charge  of  some  fulminant,  such  as  mercury  fuhninate. 

Powders  containing  potassium  chlorate  as  oxygen  carrier  are  more  pow- 
erful than  those  containing  potassium  or  sodium  nitrates,  but  as  chlorate 
powders  are  more  hable  to  be  set  off  by  friction  or  shock,  they  are  more 
uncertain  in  their  action  and  dangerous  to  handle.  However,  mixtures  of 
potassium  chlorate  with  oleaginous  substances,  such  as  nitro-toluols, 
ricinus  oil,  paraffin,  etc.,  have  been  found  satisfactory  in  use.  An  ex- 
plosive of  this  type,  known  as  eheddite  has  been  manufactured  by  the 
French  powder  monopoly  and  other  concerns.  Owing  to  the  fact  that 
chlorate  mixtures  ^ve  off  chlorine  compounds  on  decomposition,  they  are 
httle  suited  to  use  in  underground  work. 

The  objections  to  chk)rate  mixtures  on  the  score  of  sensitiveness  do 
not  seem  to  apply  to  the  same  extent  to  mixtures  with  ammonium  perchlo- 
rate  as  oxidizing  base,  and  when  this  substance  becomes  available  in 
lai^  quantity  at  a  fair  price,  it  will  undoubtedly  figure  largely  in  the 
explosives  industry. 

Nitrocellulose.  Nitrocellulose,  or  more  properly  speaking,  cellulose 
nitrate,  is  now  the  chief  material  used  in  the  manufacture  of  military  and 
sporting  powders  throughout  the  world.  In  conjunction  with  camfrfiu' 
and  other  substances  it  is  also  used  in  making  celluloid. 
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Nit3X>cdIuloee  is  not  a  nitto-compoimd,  as  chetniats  imderHtand  that 
term,  but  ia  &  true  nitrate  in  which  the  hydroxyl  groups  of  the  cellulose 
molecules  have  been  replaced  by  the  nitrate  radicle  (NO3).  The  inaccu- 
rate designation,  nitrocellulose,  which  was  given  to  the  substance  by  its 
early  investigators,  has,  however,  been  so  long  in  use  that  it  is  not  likely  to  be 
supplanted  by  the  more  correct  term.  Nitrocellulose  is  manufactured  by 
subjecting  cellulose  to  the  action  of  strong  nitric  acid  under  certain  definite 
conditions. 

Raw  Materials  of  Nttrocellvioae  Manufadure.  The  raw  materials  used 
in  making  nitrocellulose  are  cellulose  (in  the  form  of  wood  pulp,  tissue 
paper,  cotton  wool,  or  cotton  waste  from  spinning  mills)  and  sulphuric 
and  nitric  acids.  For  making  nitrocellulose  to  be  used  in  the  cheaper 
grades  of  celluloid  and  in  certain  cheap  commerci^  explosives  wood  pulp 
or  paper  may  be  used.  For  making  smokeless  powder  for  military  use, 
only  the  best  and  purest  forms  of  cellulose  can  be  employed,  such  as  cleaned 
and  bleached  cotton  wool  and  spinning  mill  waste.  The  so-called  delint 
cotton  is  mostly  employed.  A  satisfactory  smokeless  powder  for  im- 
mediate use  can  be  made  from  well-piirified  sulphite  paper  pulp,  to 
which  the  Teutonic  Allies  have  been  forced  to  resort  by  the  scarcity  of 
cotton. 

PreUminary  Treatment  of  the  Cellulose.  The  cotton  wool  or  waste 
must  first  be  deprived  of  impurities  such  as  oil,  fat,  or  dirt.  This  is  done 
by  boiling  with  dilute  alkali.  This  treatment  is  next  followed  by  hght 
bleaching  by  means  of  calcium  hypochlorite,  for  the  purpose  of  removing 
lignine  substances  that  form  unstable  nitrates  which  would  impair  the 
stability  of  the  product.  Too  vigorous  a  bleaching  is  to  be  avoided,  as 
otherwise  hydrocelluloae  or  oxycellulose  would  result,  and  give  rise  to 
unstable  nitrates  and  low  yields. 

Before  the  bleached  cotton  is  subjected  to  nitration  it  is  dried  so  as  to 
reduce  its  moisture  content  below  1  per  cent.  For  this  result  exposure  to  a 
temperature  of  105"  C.  is  usually  necessary. 

The  Process  of  Nitration.  Nitrocellulose  is  not  a  definite  compound 
of  invariable  composition  hke  calcium  nitrate.  The  cellulose  molecule 
can  be  made  to  take  up  about  14  per  cent  of  nitrogen,  but  below  this 
maximum,  products  of  any  degree  of  nitration  can  be  obtained.  Products 
of  similar  nitrogen  cofitent  prepared  under  closely  similar  conditions 
may  differ  widely  in  properties.  For  this  reason  practical  operations 
^ve  to  be  carried  on  with  great  attention  to  detail. 

The  process  of  manufacture  in  outline  consists  in  dipping  the  cotton 
into  a  mature  of  strong  nitric  and  sulphuric  acids,  allowing  to  stand 
for  a  short  time,  and  then  removing  the  acid  and  purifying  the  nitrocellu- 
lose. The  degree  of  nitration  and  the  properties  of  the  product  are 
dependent  on  the  temperature  of  nitration,  duration  of  the  action  of  the 
acids,  ratio  of  the  mass  of  cotton  to  the  mass  of  acids,  and  relative  propor- 
tioDS  of  sulphuric  acid,  nitric  acid,  and  water  in  the  acid  mixture.    A 
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variation  in  any  one  of  these  factors  affects  the  degree  of  nitration  and  the 
quality  of  the  product.  The  reaction  whereby  nitrocellulose  is  formed  from 
cellulose  and  nitric  acid  is: 

C24H4o02o  +  nHN03-C24H4o-n02o(N02). 

In  this  equation  n  represents  any  number  between  1  and  11.  The 
sulphuric  acid,  which  constitutes  three-fifths  of  the  acid  mixture,  takes  no 
direct  part  in  this  reaction. 

Pyro.  Nitrocellulose  of  from  12.50  to  12.70  per  cent  of  nitrogen  is 
called  pyrocellulose,  or  simply  pyro,  and  is  the  material  from  which  smoke- 
less powder  for  cannon  is  made.  A  property  of  pyro  is  that  it  is  Boluble  in 
a  mixture  of  ether  and  alcohol,  by  which  means  it  can  be  worked  into  a 
dough,  and  thus  formed  into  any  desired  shape.  Specifications  under 
which  smokeless  powders  for  cannon  are  made  call  for  pyro  with  12.60  per 
cent  plus  or  minus  0.1  per  cent  of  nitrc^en,  and  solubility  in  ether-alcohol 
of  99  per  cent.  To  produce  a  nitrocellulose  of  this  sort  it  is  necessary  to 
use  a  nitrating  mixture  with  a  total  acidity  of  about  85  per  cent,  and  about 
15  per  cent  water.  The  proportions  of  sulphuric  and  nitric  acids  in  the 
nitrating  acid  may  vary  within  rather  wide  limits,  but  the  best  manufac- 
turing practice  is  to  keep  the  proportion  of  nitric  acid  low.  A  typical  pyro 
mixed  acid  would  have  the  following  composition: 

PwCent. 

H2SO* 63.0 

HNO3 19.5 

N204 2.5 

H2O 15.0 

This  mixture  would  have  an  available  acidity  of  84.21  per  cent,  the 
nitrating  value  of  the  NaO*  being  half  its  equivalent  of  HNO3. 

Military  Gun  CoUon.  Another  sort  of  nitrocellulose  for  military  and 
sporting  powders  is  known  as  military  gun  cotton,  or  M.G.C.  Specifica- 
tions for  this  product  require  that  it  shall  have  from  13.00  to  13.30  per  cent 
of  nitrogen  and  a  soIubiUty  not  exceeding  13  per  cent  in  ether-alcohol. 
M.G.C.  is  used  chiefly  in  ammunition  for  small  arms  and  in  contact  mines. 
It  is  made  with  a  nitrating  acid  having  total  acidity  of  about  90  per  cent, 
a  typical  mixed  acid  having  the  composition: 

Percent. 

■    H2SO4 68.50 

HNO3 20.65 

N204 85 

H2O 10.00 

The  initial  temperature  of  nitrating  for  M.G.C.  is  25"  C.  plus  or  minus 
1°.    If  this  temperature  is  not  arranged  for,  the  Umita  oi  scdubiUty  may  bq 
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exceeded.  The  time  of  nitration  is  the  same  as  for  pyro.  For  working 
M.G.C.  into  the  desired  fonns,  acetone,  amyl  acetete  or  nitroglycerine 
may  be  used  as  solvents  to  confer  the  necessary  plasticity. 

The  strength  of  the  nitrating  acid  used  in  making  nitrocellulose  for 
smokeless  powder  will  vary  slightly  from  the  above-mentioned  mixtures 
according  to  climatic  conditions,  a  strooger  acid  being  required  in  cold 
than  is  required  in  warm  seasons. 

Methods  of  Nitrating  Celi^ose.  Many  different  methods  of  nitrating 
cellulose  have  been  proposed  and  used.  The  primitive  method  was  to 
employ  earthenware  or  iron  pots  of  small  capacity  as  nitratmg  vessels. 
Pot  nitration  is  generally  slow  and  expensive  Within  recent  time  the  most 
general  practice  was  to  conduct  the  nitration  in  an  iron  centrifuge  capable 
of  holding  a  charge  of  about  16  pounds  of  raw  cotton.  The  mixed  acid  of 
the  desired  strength,  previously  warmed  to  the  requisite  temperature,  is 
nm  into  the  bowl  of  the  centrifuge,  and  the  raw  cotton,  which  has  been 
dned  to  less  than  1  per  cent  of  moisture,  is  submerged  in  the  acid  by  means 
of  pitchforks.  The  bowl  of  the  centrifuge  is  then  covered  and  allowed  to 
stand  undisturbed  for  the  required  length  of  time,  the  fumes  given  off 
during  the  reaction  being  led  away  through  a  wide  duet.  At  the  end  of 
the  period  of  digestion  the  spent  acid  is  withdrawn  through  a  pipe  leading 
from  the  bottom  of  the  bowl,  and  as  much  as  possible  of  the  acid  still  adher- 
ing to  the  nitrocellulose  is  removed  by  rotating  the  bowl  of  the  centrifuge 
at  a  high  speed.  The  nitrocellulose  is  then  removed  from  the  bowl  with 
pitchforks  and  promptly  "  drowned  "  in  a  lai^  tank  containing  water, 
or  in  a  large  flume  through  which  running  water  washes  it  into  a  dump 
tank,  whence  it  is  removed  to  the  boiling  tube. 

The  initial  nitrating  temperature  for  pyro  is  30'  C.  plus  or  minus  2°, 
and  the  reaction  is  complete  in  ten  to  thirty  minutes,  depending  on  the 
type  of  nitrating  equipment  used.  After  the  raw  cotton  has  been  sub- 
merged in  the  acid  and  the  reaction  commences  the  temperature  will  rise 
8"  to  10°.  The  porportions  by  weight  of  raw  cotton  to  mixed  acid  in 
nitrating  for  pyro  is  1  to  40. 

The  DisplacemetU  Process  of  Nitration.  A  more  recent  process  of 
nitrating,  one  which  in  many  respects  is  more  advuitageous  than  nitrat- 
ing in  centrifuges,  is  the  displacement  process.  Fig.  364  is  a  schematic 
diagram  showing  in  principle  the  construction  of  an  apparatus  of  this  type. 
The  circular  stoneware  vessel  A,  having  a  conical  depression  at  the  bottom, 
from  which  leads  the  pipe  B,  is  provided  with  a  perforated  stone  false  bot- 
tom F,  on  which  the  cotton  to  be  nitrated  is  placed.  By  a  suitable  arrange- 
ment of  pipes,  mixed  acid  is  admitted  into  the  vessel  until  the  cotton  is 
covered  with  it.  The  cotton  is  kept  submerged  beneath  the  acid  by  the 
weight  of  the  movable  cover  D,  which  is  also  perforated.  Over  the  open- 
ing of  B  there  is  a  fine  sieve  to  catch  particles  which  pass  throtigh  the  per- 
forated bottom  of  the  vessel.  After  the  apparatus  has  been  tilled  with 
cotton  and  acid  and  the  movable  cover  is  in  position,  a  small  quantity  of 
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water  is  poured  over  the  Burface  for  the  purpoae  of  preventing  the  eacape 
of  fumes.  This  water  comes  in  contact  with  the  acid  only  at  the  edges 
and  in  the  perforations  of  D,  Under 
these  circumstances  the  acid  and  water 
I  ^  remain  in  sharply  separated  layers. 

The  vessel  and  it«  contents  are  non 
left  to  themselves  for  about  ao  hour, 
when  the  stop-cock  is  opened  and  the 
acid  allowed  to  flow  off' slowly  by  grav- 
ity, water  being  led  in  at  the  top  as 
fast  as  the  acid  flows  away  at  the  bot- 
tom, until  the  acid  has  been  completely 
displaced  from  the  apparatus.  No 
mixing  of  acid  and  water,  and  no  noteworthy  rise  in  temperature  occurs 
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After  the  preliminary  washing  in  the  same 


during  the  displacement, 
vessel,  the  nitrated  cotton 
is  removed  and  purified  as 
usual.  The  disphicement 
process  of  nitrating  requires 
more  time  than  Uie  centrif- 
ugal process,  but  it  has 
distinctive  advantages  in 
the  absence  of  fumes,  less 
labor  required,  and  greatly 
diminished  expense  for  re- 
pairs. The  displacement 
process  is  the  one  chiefly 
used  in  manufacturing  ni- 
trocellulose for  the  English 
government  and  by  the  U. 
S.  Army  Ordnance  Depart- 
ment. Its  advantages  are 
disputed  by  some  author- 
ities. 

Mechanical  Dipping  Pro- 
cess. The  enormous  demand 
created  by  the  great  war 
for  nitrocellulose  for  mili- 
tary purposes  has  stimu' 
lated  development  of  meth- 
ods of  nitration  having  in 
view  greater  output,  reduc- 
tion in  the  amount  of  hand  ^'"'  *™"' 
labor  required,  as  well  as  increased  comfort  to  the  operatives  throo^ 
better  control  of  the  acid  fumes  given  off  during  the  process. 
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One  such  device  is  illustrated  schematically  in  F^.  3C5.  Mixed  acid 
previously  brought  to  the  required  temperature  is  led  through  pipe  A 
into  the  mtrating  vessel  B.  The  operator,  Etanding  on  platform  C, 
introduces  the  dried  cotton  through  the  openii^  D;  the  agitator  E 
submerges  it  in  the  acid,  the  fumes  given  off  being  led  away  through 
the  duct  F.  After  the  lapse  of  the  proper  length  of  time  the  charge 
is  dumped  through  the  quick-opening  valve  G  into  the  receiver  H;  the 
spent  acid  drains  from  the  mass  through  the  sloping  perforated  diaphragm 
J  and  flows  away  through  K.  The  nitrocellulose  is  raked  through  the 
port  L  into  the  bottom  dischai^ing  centrifugal  M,  where  the  remaining 
spent  acid  is  removed  by  centrifi^al  force,  after  which  the  product  is 
dropped  into  the  flume,  which  carries  it  to  the  boiling  tubs.  In  other 
systems  the  vessel  H  is  dispensed  with,  the  charge  going  direct  to  the 
centrifugal.  With  an  installation  such  as  this  it  is  possible  to  nitrate  a 
charge  of  24  pounds  of  raw  cotton  every  ten  minutes  with  an  almost 
entire  absence  of  annoying  fumes. 

Nitrocellulose  for  use  in  making  celluloid  and  other  plastics  contains 
from  8  to  12  per  cent  of  nitn^n  and  its  manufacture  requires  other 
conditions  than  those  obtaining  in  the  manufacture  of  nitrocellulose  for 
explosives. 

Nitrocellulose  for  military  purposes,  being  manufactured  under  close 
official  supervision,  is  naturally  purified  with  greater  care  and  at  greater 
expense  than  nitrocellulose  for  industrial  use. 

Purifying  the  NitroceUuloae.  In  the  process  of  nitration  there  are 
formed  small  amounts  of  sulphuric  esters  of  cellulose,  and  free  acid  is  drawn 
by  capillary  action  into  the  canal  which  exists  in  the  central  portion  of 
the  cotton  fiber.  This  free  acid  must  be  quite  thoroughly  removed  and 
the  sulphuric  esters  saponified,  otherwise  the  nitrocelluloae  will  in  a  longer 
or  shorter  time  become  unstable  and  liable  to  spontaneous  decomposition, 
with  possible  disastrous  results  at  some  subsequent  period  of  use  of 
storage.  After  being  thrown  out  of  the  nitrating  vessel  into  the  drowning 
water,  the  nitrocellulose  is  conveyed  to  large  wooden  boiling  tubs,  where 
it  is  boiled  for  forty  hours,  with  four  changes  of  water.  This  removes 
practically  all  of  the  free  acid,  but  to  remove  all  traces  of  acid  and  to 
insure  the  complete  breaking  up  of  all  sulphuric  acid  compounds  it  is 
necessary  to  reduce  the  nitrocellulose  to  a  fine  state  of  division.  This  is 
accomplished  in  a  beater,  in  all  respects  similar  to  the  beating  or  pulping 
engine  commonly  used  in  the  paper  industry.  The  beating  process,  by 
breaking  up  the  cotton  fiber,  allows  water  to  have  access  to  all  parts  of 
the  interior  canal.  A  little  soda  is  added  in  sutBcient  amount  to  keep  the 
contents  of  the  beater  alkaline.  After  beating,  the  nitrocellutose  is  trans- 
ferred to  other  large  wooden  tubs  known  as  "  poachers,"  where  it  is  boiled 
and  mechanically  E^tated  for  a  period  of  twelve  hours,  with  six  chaises 
of  water,  and  then  given  ten  cold  washings  with  cold  water.  At  the  end  of 
this  treatment  "  pyro  "  should  stand  a  "  heat  test  "  of  not  less  than  thirty- 
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five  miDutee  at  65°  C;  M.G.C.  should  give  a  heat  test  of  ten  minutes 
at  70°  C.  A  heat  test  is  made  by  exposing  a  strip  of  K  I  starch  paper  in 
a  test  tube  containing  a  definite  amount  of  the  nitrocellulose  heated  to  the 
temperatures  named  above,  and  noting  the  time  required  to  produce  a 
discoloration  of  the  paper. 

After  purification  is  complete  the  nitrocellulose  is  freed  from  excess  of 
water  by  means  of  a  hydro-extractor.  Owing  to  the  ease  with  which 
it  may  be  ignited  by  a  chance  spark,  nitrocellulose  is  always  stored  and 
transported  in  a  moist  condition,  the  I.C.C  r^ulations  prescribing  a 
minimum  of  20  per  cent  water.  Nitrocellulose  with  not  more  than  15 
per  cent  of  water,  though  relatively  difficult  to  ignite,  can  be  detonated  with 
mercury  fuhninate  primer,  and  in  this  form  is  i^d  in  contact  mines. 

Regeneration  of  Add.  The  acid  which  is  separated  from  the  nitro- 
cellulose after  nitration  is  known  as  "  spent  acid  ";  it  is  naturally  weaker 
in  strength  than  the  original  nitrating  acid,  owing  to  fixation  of  NO3 
and  formation  of  water  in  the  reaction.  By  adding  to  it  additional  nitric 
acid  in  the  form  of  "  fortifying  acid,"  it  may  be  used  over  agam.  A  certain 
amount  of  both  sulphuric  and  nitric  aeids  is  necessarily  lost  in  the  drown- 
ing water.  In  practice  about  0,8  pound  of  sulphuric  acid  and  1.7  pounds 
of  nitric  acid  are  consumed  or  lost /or  each  pound  of  cotton  nitrated. 

Nitro-staicll.  Nitro-starch,  or  more  correctly  starch  nitrate,  is  manu- 
factured to  some  extent  for  use  in  blasting  explosives.  Cassava  starch 
is  the  most  suitable  for  this  purpose.  The  process  of  manufacture  differs 
somewhat  from  the  manufacture  of  nitrocellulose,  the  points  of  difference 
being  in  the  use  of  stronger  acid  and  appropriate  means  of  mixing  the  starch 
with  the  acid,  and  separating  the  product  therefrom.  The  advantage  of 
using  starch  over  cotton  is  its  comparative  cheapness,  although  the  dif- 
ficulty of  purifying  the  nitrated  product  has  prevented  it  from  being  used 
in  the  manufacture  of  smokeless  powders. 

Smokeless  Powder.  The  base  of  all  smokeless  powder  is  nitrocellu- 
lose. Powder  for  cannon  is  made  of  pyro,  and  of  M.G.C.  for  small  amiB. 
The  reason  for  this  choice  is  that  since  it  contains  less  nitrogen  as  NO3, 
pyro  is  less  erosive  on  the  bore  of  the  gun  than  M.G.C,  erosion  being 
a  serious  matter  in  limiting  the  Ufe  of  a  lai^  and  costly  weapon.  Also, 
by  reason  of  its  greater  solubility,  pyro  can  be  worked  into  a  more  satis- 
factory colloid  than  M.G.C. 

In  manufacturing  cannon  powder,  the  pyro,  as  it  comes  from  the 
hydro-extractors  at  the  close  of  the  purification  process,  is  weighed  out  in 
portions  or  charges  to  contain  40  pounds  dry  weight.  This  charge  is  placed 
in  a  hydraulic  press  and  alcdiot  of  92.3  per  cent  by  weight  forced  through  in 
order  to  di^lace  all  water  and  leave  14  pounds  of  alcohol  in  the  result- 
ing block.  The  block  is  then  broken  up,  and  the  screened  product  placed 
in  a  Day  or  Werner-Pfleiderer  mixer  and  incorporated  with  an  amount  of 
ether  equal  to  twice  the  weight  of  alcohol  in  the  pyro.  The  action  of  the 
ether-alcohol  mixture  produces  a  semi-solution  or  colloidal  mass.    After 
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mixing  with  ether  the  colloided  pyro  is  blocked  in  a  hydraulic  press,  and 
further  kneaded  and  mixed  by  being  forced  throi^h  a  straining  press, 
and  finally  reblocked.  These  manipulations  are  for  the  purpose  of  remov- 
ing uncoUoided  material  and  producing  a  colloid  of  smooth,  even  texture. 
The  blocked  pyro  is  then  run  through  a  "  graining  press,"  which  forms  it 
into  long  rods  having  one  or  more  axial  perforations;  these  rods  are  passed 
through  a  cutting  machine  to  produce  grains  of  proper  length.  The  dimen- 
sions of  the  grain  are  dependent  on  the  size  and  caliber  of  the  gun  in  which 
it  is  to  be  used;  and  hence  a  "  gram  "  of  powder  may  have  any  dimensions 
up  to  a  length  of  2  inches  and  a  diameter  of  j  of  an  inch. 

After  leaving  the  graining  press  the  powder  is  taken  to  bins,  in  which 
gentle  heat  is  applied  to  expel  as  much  as  possible  of  the  ether-alcohol 
(which  is  condensed  and  recovered).  After  leaving  the  "  recovery  bins  " 
the  powder  still  retains  a  large  proportion  of  solvent,  and  to  reduce 
this  to  the  proper  limits  the  powder  is  placed  in  an  "air  dry  house" 
and  subjected  to  dry  heat  at  55°  C,  for  several  weeks,  or  months,  as  condi- 
tions may  require.  In  order  to  save  time,  field  gun  powders  may  be 
"  water  dried,"  that  is,  soaked  in  warm  water  to  extract  the  excess  of  sol- 
vent, and  then  air-dried.  By  this  means  it  is  possible  to  produce  a  usable 
powder  in  three  weeks  from  the  date  of  nitration. 

In  making  powder  for  small  arms,  the  M.G.C.  is  colloided  with  acetone 
or  amyl  acetate,  with  addition  of  nitroglycerine  to  increase  the  strength. 
The  colloid  is  rolled  into  sheets,  cut  into  small  squares,  which  are  then 
graphited  in  a  tumbling  barrel,  and  dried. 

In  use  the  powder  is  suitably  packed  in  a  cartridge  or  case  and  ignited 
by  means  of  a  mercury  fulminate  primer,  which  acts  on  a  priming  charge 
of  ordinary  black  powder;  this  produces  a  flame  which  sets  off  the  powder 
charge. 

Smokeless  powder  derives  its  name  from  the  fact  that  in  comparison 
with  black  powder  it  gives  off  very  Uttle  smoke. 

Stabilizers.  Smokeless  powder,  even  when  made  from  nitrocellulose 
of  the  highest  purity,  is  apt  to  undergo  a  progressive  though  very  slow 
decomposition.  This  deterioration  consists  in  a  saponification  of  the 
cellulose  nitrate,  with  setting  free  of  N2O4,  which  acts  catalyticaliy  in 
producing  further  decomposition,  which  may  proceed  to  the  extent  of 
causing  spontaneous  combustion.  To  prevent  or  delay  this  occurrence 
about  .4  per  cent  of  diphenylamine  or  other  substance  capable  of  neutraliz- 
ing N2O4  is  incorporated  in  the  powder,  being  added  to  the  ether  used  for 
colloiding. 

Cordite.  At  the  beginning  of  the  recent  great  war  the  smokeless  powder 
preferred  by  the  British  military  eerviees  was  made  of  nitrocellulose 
worked  into  a  colloid  with  20  to  40  per  cent  of  nitroglycerine  and  a  small 
amount  of  acetone.  Smokeless  powder  with  nitroglycerine  base  is  more 
powerful  and  can  be  made  to  give  more  uniform  ballistic  results  than  the 
straight  nitrocellulose  powder.     However,  the  temperature  of  explosion  of 
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COTdite  ia  higher,  and  the  hotter  gasfs  hare  a  more  erosive  action  on  the 
bore  of  the  gun.  This  ia  aeiious  matter  under  present  conditions  of  warfare, 
and  hence  the  use  of  cordite  is  being  abandoned  to  a  large  extent.  All 
other  nations,  including  the  United  States,  use  straight  nitrocellulose 
powder. 

Picric  Acid.  Picric  acid,  or  trinitrophenol — CeHaCNOajSOH — belongs 
to  a  group  of  substances  technicaUy  known  as  "  high  explosives "  or 
exploeiTes  which  develop  their  explo^ve  effect  at  a  much  more  rapid 
rate  than  smokeless  or  black  powders,  and  hence  are  used  where  a 
shattering  effect  of  great  violence  is  required.  In  artillery  operations 
ranokeless  powder  is  used  to  fire  the  projectile  from  the  gun ;  for  certain 
military  purposes  the  projectile  is  a  hollow  steel  shell,  the  cavity  of 
which  contains  picric  acid  or  T.N.T.  (see  below).  When  the  shell  strikee 
the  mark  the  charge  of  picric  acid  is  set  off,  and  rending  the  shell  throws 
splinters  of  metal  about  the  neighborhood  as  well  as  demolishing  objects 
in  the  vicinity  by  the  force  of  the  explosion  itself.  Although  a  very 
powerful  explosive,  picric  acid  cannot  be  readily  set  off  by  simple  ignition, 
like  smokeless  or  black  powder,  but  must  be  detonated  by  means  of  a 
primer  of  mercury  fulminate  contained  in  the  shell. 

Picnc  acid  is  made  by  nitrating  phenol.  Specifications  for  picric 
acid  require  it  to  have  a  melting-point  of  at  least  120°  C,  which  makes  it 
necessary  to  use  high^rade  phenol  (m.p.  40°  C).  The  phenol  is  melted 
in  the  drum  in  which  it  is  received  at  the  factory  and  blown  into  an  iron 
sulphonating  kettle  where  it  is  sulphonated  with  93  per  cent  H2SO4  at  a 
temperature  of  about  100°  C,  the  heating  being  continued  imtil  no  free 
phenol  separates  when  diluted  with  water.  The  time  required  for  sul- 
phonation  is  about  ten  hours  and  the  temperature  must  not  be  allowed  to 
rise  above  105°.  When  sulphonation  is  complete,  the  product  is  diluted 
with  an  equal  quantity  of  water  and  pumped  into  a  stor^e  tank  lined  with 
acid-proof  brick,  which  is  provided  with  an  a^tator.  Enough  of  the 
sulphonate  is  run  into  the  nitrator  to  engage  the  lower  blades  of  the 
agitator,  whereupon  nitric  acid  (70  per  cent)  is  run  in  rapidly  to  bring  the 
temperature  to  70°  C,  after  which  nitric  acid  and  sulphonate  are  run  in 
together  at  a  rate  sufficient  to  bring  the  temperature  in  half  an  hour  to 
110",  this  temperature  being  maintained  for  5^  hours,  when  the  mixture 
is  allowed  to  cool  to  55°.  The  total  time  required  for  nitration  depends 
on  the  size  of  the  units  employed.  After  nitration  is  complete  the  spent 
acid,  which  contains  about  2  per  cent  HNO3,  is  drained  oS,  the  picric 
acid  washed  several  times  with  cold  water,  centrifuged  in  cloth-lined 
wringers  and  removed  to  dry  houses,  where  the  moisture  is  reduced  to 
the  limits  prescribed  by  the  Interstate  Commerce  Commission  for  the 
transportation  uf  this  substance. 

Picric  acid  has  not  come  into  use  as  an  industrial  explosive,  on  account 
<^  its  comparatively  high  cost. 

On  account  of  its  acid  character,  picric  acid  fonns  salts  with  nearly 
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all  metals,  and  all  of  ita  salts,  with  ihe  exception  of  ammonium  picrate,  are 
more  sensitive  to  shock  and  friction  than  the  acid  itself.  Contamination 
of  the  acid  with  ita  salts  is  therefore  to  be  avoided. 

Trinitrotoluol,  C7HB(H02)a,  or  T.N.T.  This  product,  known  com- 
mercially as  T.N.T.,  is  obtained  by  nitrating  toluol.  Trinitrotoluol,  like 
picric  acid,  is  classed  as  a  high  explosive  and  is  extensively  used  in  military 
operations  as  a  bm^ting  charge  for  large-caliber  shellB,  and  for  the  war 
heads  of  submarine  torpedoes.  It  is  also  used  along  with  nitroglycerine  in 
various  grades  of  dynamite. 

Although  somewhat  less  powerful  as  an  explosive  than  picric  acid, 
T.N.T.  is  a  much  more  satisfactory  substance  to  deal  with  on  account 
of  ita  low  melting-point  (80°  C),  which  allows  it  to  be  readily  melted  and 
poured,  and  on  account  of  its  comparative  insensitiveness  to  shock,  which 
makes  it  relatively  safe  to  handle.  Not  possessing  any  acid  properties  it 
forms  no  sensitive  salts,  as  is  the  case  with  picric  acid,  and  thus  it  possesses 
an  additional  factor  of  safety. 

Toluene  suitable  for  nitration  should  have  a  boiling-point  of  about 
110°  C,  not  banning  to  distill  under  108.5"  and  going  over  entirely  under 
111°.  Specifications  for  T.N. T.  usually  call  for  a  melting-point  of  around 
75.5°  and  nitn^n  content  of  not  less  than  18  per  cent.  "  Itefined  T.N.T.," 
with  m.p.  of  80°  is  sometimes  demanded,  and  may  be  made  by  recrystaUiz- 
ing  the  75°  grade  from  100  per  cent  HSO4,  or  by  simple  washing  with 
5%  NaaSOa  solution. 

In  the  manufacture  of  T.N.T.  there  is  a  choice  of  four  different  methods, 
vijB,: 

1-  Three  stage;  involving  the  preparation  of  mono-nitrotoluene 
(M.N.T.)  which  is  then  separately  nitrated  to  dinitrotoluene  (D.N.T.) 
which  by  a  third  operation  is  nitrated  to  T.N.T. 

2.  Two  stage;  producing  lirst  M.N.T.  and  then  T.N.T. 

3.  Two  stage;  producing  first  D.N.T.  and  then  T.N.T. 

4.  One  stage;  producing  T.N.T.  in  one  operation. 

The  choice  of  method  depends  on  circumstances  and  whether  the 
manufacturer  has  any  use  for  the  intermediate  products,  as  such,  for  other 
purposes.  Where  T.N.T.  is  the  sole  product  desired  methods  two  and  four 
are  principally  used,  method  two  seemingly  offering  the  most  advantage. 
In  making  T.N.T.  in  a  one-stage  nitration  4500  pounds  of  mixed  acid 
having  the   composition:  Per  Cent 

HaSOi 76.0 

HNO3 22.5 

NO2 0.6 

H2O 0.9- 

is  run  into  1200  pounds  to  toluol.  The  temperature  at  the  start  is  35°, 
being  slowly  raised  in  four  hours  to  110°,  where  it  is  held  until  a  melting- 
point  test  shows  that  satisfactory  nitration  is  attained. 
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The  yield  may  be  increased  and  the  melting-point  raised  by  cooling  to 
90°  aft«r  the  fifth  hour  of  heating  and  adding  fresh  mixed  acid  composed 
of  1000  pounds  each  of  oleum  and  the  above-mixed  acid. 

In  a  two-stage  process,  M.N.T.  is  obtained  by  nitrating  3350  pounds 
of  toluol  with  7700  pounds  of  a  mixed  acid  contaioing: 

Pet  Cent. 

H2SO4 55 

HNO3 31 

HzO 14 

The  temperature  is  kept  under  50"  until  all  the  acid  has  been  added,  when 
it  is  raised  to  70°  and  held  there  for  two  hours.  The  resulting  M.N.T.  is 
separated  from  the  acid,  and  nitrated  to  T.N.T.  with  a  mixed  acid  con- 
taining: 

Per  Cent. 

H2SO4 58.50 

HNO3 40.50 

H2O 1.00 

The  M.N.T.  is  first  dissolved  in  2i  times  its  weight  of  100  per  cent  H2S04 
and  run  into  the  mixed  acid,  the  temperature  not  being  allowed  to  exceed 
115°.     The  spent  acid  from  this  operation  is  used  in  making  M.N.T. 

The  adaptability  of  T.N.T.  for  use  as  a  component  of  blasting  explo- 
sives assures  it  a  permanent  place  in  the  industry,  especially  in  view  of 
the  steadilv  advancing  cost  of  nitroglycerine  and  the  ex[>ansion  of  the 
by-product  coke  industry,  which  is  making  available  larger  quantities  of 
toluol.  Explosion  of  T.N.T.  may  be  brought  about  by  means  of  a  primer 
of  mercury  fulminate. 

Other  Nitro-compounds  used  as  Explosives.  Dinitrobenzol  and  tri- 
nitrobenzol  have  been  used  to  some  extent  as  constituents  of  commercial 
explosives,  but  not  extensively  in  this  country.  The  nitration  products  of 
xylol  and  naphthalene  are  coming  into  considerable  prominence,  as  their 
use  affords  the  most  convenient  outlet  for  the  excess  production  of  these 
hydro-carbons.  "  Nysol,"  obtained  by  nitrating  a  solution  of  naphtha- 
lene in  xylol,  is  used  in  the  manufacture  of  low-freezing  dynamites  (see 
below). 

Titranitroaniline  (T.N.A.),  made  by  nitrating  aniline,  is  used  in  the 
manufacture  of  detonators  and  primers. 

Nitroglycerine  and  Dynamite.  Elxplosives  composed  wholly  or  in  part 
of  nitroglycerine  and  closely  related  substances  are  at  the  present  time 
the  most  important  of  industrial  explosives. 

Nitroglycerine  is  formed  from  nitric  acid  and  glycerine  in  accordance 
with  the  following  reaction. 

C3Hb(OH)3  +  3HN03  =  C3H6(N03)3+3H20. 

Nitroglycerine,  like  the  analogous  product  of  the  interaction  of  nitric 
acid  and  cellulose,  is  a  true  nitrate  and  not  a  nitro-compound.    The  term 
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"  nitn^ycerine  "  is  therefore  a  misnomer,  which,  however,  is  apparently 
too  well  intrenched  in  common  usage  to  make  way  for  the  more  api»t)- 
priate  name. 

Raw  Materials  of  NUroglyceriru  Manvfadure.  The  materials  used  in 
making  nitroglycerine  are  nitric  acid,  sulphuric  acid,  and  glycerine.  The 
reason  for  employing  sulphuric  acid  here,  as  in  the  case  of  nitrocellulose 
manufacture,  is  to  take  op  the  water  formed  in  the  reaction,  thereby 
keeping  the  nitric  acid  up  to  its  full  strength.  The  glycerine  employed  is 
the  ordinary  glycerine  of  commerce,  obtained  as  a  by-product  in  the 
saponification  of  fats.  It  has  a  specific  gravity  of  1.262,  corresponding 
to  99  per  cent  of  glycerine  and  I  per  cent  water. 

Process  of  Manufacture.  The  process  of  manufacture  consists  simply 
in  adding  the  glycerine  to  the  mixed  acids  (observing  suitable  precautions), 
separating  the  glycerine  nitrate  from  the  acid  mixture,  and  purifying  it. 
The  methods  used  in  practice  for  carrying  out  this  simple  reaction,  how- 
ever, are  very  diverse,  and  for  full-details  thereon  reference  must  be  had  to 
larger  treatises  such  as  Guttmann's  "  Manufacture  of  Explosives,"  and 
recent  patent  specifications. 

In  principle  the  arrangement  of  the  apparatus  for  mfiking  nitroglycerine 
may  be  seen  from  the  accompanying  diagram,  Fig.  366.  In  this  diag^'am 
a  is  the  nitrating  vessel  in  which  the  glycerine 
is  brought  into  contact  with  the  mixed  acids. 
It  is  provided  with  a  thermometer,  a  coil  for 
cooling  and  a  device  for  stirring  the  mixture. 
This  device  may  consist  of  either  a  mechanical 
stirrer,  or  an  inlet  for  compressed  air.  &  if 
tank  into  which  the  contents  of  the  nitrating 
vessel  are  discliarged  and  allowed  to  remain 
until  the  nitroglycerine  has  separated  from 
the  acids.  Being  of  a  lighter  specific  gravity 
than  the  mixed  acids,  the  nitroglycerine   col-  - 

lecta  at  the  top.  c  is  a  vessel  into  which  the  separated  nitroglycerine  is 
drawn  and  given  the  first  washing  to  remove  the  adhering  acids,  d  is  a, 
safety  tank  full  of  water  into  which  the  contents  of  d  or  b  may  be  dumped 
whenever  it  appears  to  the  workmen  in  charge  that  the  nitroglycerine 
contained  in  these  vessels  is  about  to  decompose  with  violence.  The 
probability  of  such  a  contingency  is  observed  by  a  sudden  rise  in  tem- 
perature and  the  appearance  of  dense  red  fumes.  When  the  nitrating 
mixture  gives  auch  indications  prompt  action  is  necessary  to  save  life 
and  property. 

According  to  the  equation  given  above  2.15  parts  of  nitric  acid  (95 
per  cent  strength)  is  sufficient  for  complete  nitration  of  the  glycerine.  As, 
however,  complete  nitration  is  not  attained  except  in  the  presence  of  an 
^cess  of  nitric  acid,  and  not  then  except  in  the  presence  of  much  sulphuric 
acid,  it  is  usual  to  employ  the  following  proportions:  glycerine,  1  part; 
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nitric  acid  2.8  to  3  parts,  and  sulphuric  acid  4.6  to  4.8  parts.  The  yield 
of  nitroglycerine  may  be  increased  by  adding  more  nitric  acid,  but  in  gen- 
eral the  theoretical  yield  is  never  reached.  According  to  the  relative  prices 
of  glycerine  and  nitric  acid  the  proportions  of  these  materials  may  be 
varied  to  conform  to  the  limits  of  economical  production. 

Fig.  366a  shows  the  nitrator,  and  Fig.  367  the  washing  vessels  of  a  small 
plant  for  nitrating  glycerine.    This  plant  will  use  for  one  charge  4000 


Fia.  366a. 

pounds  of  a  mixed  acid  consisting  of:  35.6  per  cent  of  nitric  acid;  62  per 
cent  sulphuric  acid;  2.5  per  cent  of  water;  into  which  i3  run  635  pounds  of 
glycerine,  the  temperature  during  this  operation  being  maintained  at 
about  66°  F.  The  run  should  be  completed  in  less  than  forty  minutes. 
Under  the  given  conditions,  these  materials  will  yield  1400  pounds  of 
nitroglycerine. 

The  nitroglycerine  after  separation  from  the  acid  is  first  washed  twice 
with  small  amounts  of  water,  using  compressed  air  for  the  mixing.  It  is 
then  washed  with  a  weak  solution  (not  exceeding  1  per  cent)  of  sodium 
carbonate,  this  salt  being  added  to  the  wash  a  little  at  a  time.  The  object 
of  using  the  sodium  carbonate  is  to  neutralize  the  acid  which  may  not 
have  been  removed  by  the  wash  water.    This  treatment  is  then  followed 
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by  a  thorough  washing  with  pure  water  at  a  temperature  below  90*  P. 
to  remove  the  alkali,  no  trace  of  which  should  remain.  The  point  at 
which  the  washing  may  be  regarded  as  complete  is  recognized  by  the 
potassium-iodide-starch  test,  as  described  under  nitrocellulose.  In  this 
t«8t  no  iodine  should  be  hbersted  within  twenty  minutes  at  a  tempera- 
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ture  of  170"  F,,  otherwise  the  washing  must  be  continued  imtil  a  satisfac- 
tory test  has  been  obtained. 

Dynamite.  Nitroglycerine  is  a  heavy  oily  liquid  and  in  this  form  has 
but  a  limited  applicability.  For  convenience  in  use  it  must  be  put  into  a 
form  wherein  it  may  be  e^y  handled.  This  is  done  by  causing  it  to  be 
absorbed  by  various  porous  bodies,  such  as  infusorial  earth,  or  kieaelguhr, 
which  can  be  made  to  absorb  three  times  its  weight  of  nitroglycerine. 
Such  a  mixture  of  nitroglycerine  and  kieselguhr  forms  an  earthy,  friable 
mass,  which  can  be  loaded  into  paraffined  paper  cartridges  and  has  been 
sold  under  the  name  of  75  per  cent  dynamite,  or  No.  1  gjant  powder. 
This  is  the  original  dynamite  as  manufactured  by  its  inventor,  Nobel. 

A  disadvantage  of  kieselguhr  dynamite,  which  isnow  obsolete,  is  that 
it  contains  25  per  cent  or  more  of  its  weight  of  inert  matter,  whereby  its 
strength  as  an  explosive  is  correspondingly  reduced.  On  this  account  the 
original  dynamite  has  been  improved  by  the  choice  of  other  absorbent 
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ogentB.  The  dynamite  now  mostly  used  consists  of  15  per  cent  of  wood 
pulp  {sometimes  j>artly  nitrated),  33  per  cent  of  nitroglycerine  and  55  per 
per  cent  of  sodium  nitrate  or  ammonium  nitrate.  The  wood  pulp  serves 
to  absorb  the  nitroglycerine,  but  this,  aa  in  the  caae  of  kieselguhr,  means 
the  introduction  of  an  inert  material  into  the  explosive.  The  wood  pulp, 
however,  unhke  the  kieselguhr,  contains  carbon  and  hydrogen,  which  can 
combine  explosively  with  oxygen  under  appropriate  conditions.  These 
conditions  are  supplied  by  the  presence  of  sodium  nitrate,  or,  better, 
ammonium  nitrate,  which  here  serves  the  same  purpose  of  oxygen  carrier 
as  does  potassium  nitrate  in  black  powder. 

Dynamites  are  generally  classified  according  to  the  amoimt  of  nitro- 
glycerine content.  Thus  a  50  per  cent  dynamite  contains  50  per  cent 
nitroglycerine. 

Oelatiae  Dynamite.  Nitroglycerine  has  the  property  of  dissolving 
nitrocellulose  to  a  limited  extent.  A  mixture  of  approximately  9  parts  of 
nitroglycerine  and  1  part  of  nitrocellulose  forms  a  clear,  jelly-like  mass 
containing  no  inert  matter,  which  constitutes  a  powerful  explosive.  The 
name  gelatine  dynamite  is  applied  to  this  product  on  account  of  its  jelly- 
like consistency,  and  not  because  it  contains  gelatine. 

Low-freezing  Dynamites.  An  undesirable  property  of  nitrc^ycerine, 
whether  alone  or  mixed  with  inert  substances,  is  that  it  solidifies  atcom- 
paratively  mild  temperatures.  When  so  frozen  it  is  less  sensitive  to  shock 
and  is  leas  apt  to  be  completely  exploded  when  set  off  in  a  blast.  For  this 
reason  frozen  dynamite  must  be  thawed  out  before  use.  Much  attention 
has  been  devoted  to  attempts  to  obviate  this  inconvenience  and  in  recent 
times  these  efforts  have  resulted  in  various  new  modifications  of  dynamite. 
The  most  direct  treatment  is  to  add  some  substance,  such  as  mononitro- 
benzene,  dinitrobenzene,  nysol,  etc.,  to  the  nitroglycerine  with  the  object 
of  reducing  its  freezing-point.  Satisfactory  results  have  also  been  obtained 
by  the  manufacture  of  other  nitration  products  of  glycerine.  Of  these 
may  be  mentioned  the  following: 

Dinitroglycerine.  This  is  made  by  adding  10  parts  of  glycerine  (specific 
gravity,  1.262),  with  cooling,  to  33  parts  of  nitric  acid  (specific  gravity, 
1.50).  The  dinitroglycerine  is  recovered  from  this  mixture  by  diluting 
with  water.  While  the  freezing-point  of  nitroglycerine  is  11°  C,  that  of 
dinitroglycerine  is  —57°  C.  In  possessing  such  a  low-freezing  point,  dini- 
tn^lycerine  has  a  distinct  advantage  over  trinitroglycerine,  although  it 
is  not  without  certain  other  disadvantages,  besides  being  somewhat  leaa 
powerful  as  an  explosive. 

Tetranitrodiglycerine.  When  glycerine  is  boiled  for  some  time  there 
is  formed  a  substance  known  as  diglycerine,  which  consists  of  two  mole- 
cules of  glycerine.  When  nitrated  the  resulting  tetranitrate  also  has  a 
low  freezing-point.  Nitration  of  a  mixture  of  glycerine  and  diglycerine 
gives  a  means  of  making  low-freezing  dynamites. 

Dinitromonochlorhydrin.    This  is  obtained  by  nitrating  monochtor- 
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hydrin,  C3H8C0H)2C1.  An  addition  (A  30  per  cent  of  dinitromono- 
chlorhydrin  to  nitroglycerine  makes  the  resulting  mixture  practically 
unfreezable.  On  account  of  the  presence  of  chlorine  in  this  Bubatancc 
explosives  containing  it  cannot  be  used  in  mines,  or  other  closed  spaces, 
as  it  makes  the  air  irrespirable. 

Another  substance  which  has  been  used  in  the  manufacture  of  low 
freezing  dynamites  is  dinitroacetin. 

Safety  Powders  or  Permiasibles.  The  necessity  of  adaj)ting  the'' 
composition  of  an  explosive  to  the  conditions  under  which  it  is  to  be  used 
is  exemplified  in  coal  mining,  where  there  is  the  ever  present  danger  of 
igniting  the  dreaded  "  fire  damp." 

An  explosive  mixture  of  air  and  methane  will  ignite  only  when  locally 
heated  above  a  certain  critical  temperature  for  a  sufficient  length  of  time, 
or  when  exposed  to  an  open  Same  of  sufficient  duration.  To  be  U8*d  with 
safety  In  a  gassy  coal  mine  a  blasting  explosive  roust  not  give  rise  to  either 
of  these  conditions,  and  the  problem  of  the  manufacture  of  pennisBible 
explosives  is  to  adjust  the  composition  of  the  powder  so  that  the  h^t 
of  explosion  shall  be  as  low  as  practicable  and  to  diminish  the  amount  of 
flame.  This  is  accomplished  in  various  ways,  as  by  the  addition  of  inert 
matter,  which  becomes  heated  in  the  explosion,  thus  absorbing  heat 
units  which  would  otherwise  serve  to  raise  the  temperature  above  the  safe 
limits.  Inorganic  salts  (such  as  magnesium  sulphate)  containing  water  of 
crystallization  come  under  this  category,  and  are  quite  effective  on  account 
of  the  amount  of  heat  absorbed  by  the  volatilization  of  the  water  of  crystal- 
lization. Another  means  to  the  same  end  is  to  employ  an  excess  of  wood 
pulp  in  the  powder;  the  limited  amount  of  available  oxygen  as  NO3  in  the 
powder  causes  the  production  of  CO  rather  than  CO2  from  the  carbon  of  the 
cellulose,  with  lessened  production  of  heat  in  the  reaction;  powders  con- 
taining 80  per  cent  of  ammonium  nitrate,  with  small  quuitities  of  rosin, 
wood  pulp,  and    nitrc^Iycerine  make  good   safety  explosives  for  coal 

The  liability  of  a  blasting  powder  to  ignite  fire  damp  or  cause  an 
explosion  of  coal  dust  is  ascertained  by  firing  a  standard  charge  of  the 
powder  in  a  tunnel  in  which  the  conditions  as  to  gas  or  dust  existing  in 
a  coat  mine  are  simulated.  Teste  of  this  character  are  carried  out  by  the 
Bureau  of  Mines  at  Pittsburg,  and  powders  meeting  the  requirements  are 
allowed  to  be  sold  as  "  permissible  explosives." 

"Railroad  or  Ditch  Powder."  For  loosening  masses  of  earth,  as  in 
railroad  excavation  or  farm  ditching,  a  low-grade  dynamite  is  extensively 
used  containing  about  10  per  cent  of  nitroglycerine,  absorbed  in  a  finely 
ground  mixture  of  coal,  sulphur,  sodium  nitrate,  rosin,  or  similar  materials. 
A  powder  of  this  character  has  a  comparatively  slow  rate  of  burning 
which  adapts  it  for  upheaving  soft  materials,  where  a  high^p-ade  dynamite 
would  merely  blow  out  a  small  crater — another  example  of  adapting  the 
composition  of  an  explosive  to  the  effect  desned. 
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Fiilminwnta,  Primers,  or  Detonators.  Explosives  may  be  divided  into 
two  general  classes  according  to  the  means  required  to  set  them  off,  or  bring 
about  their  decomposition  with  explosive  effect.  The  first  claes  includes 
those  which  are  set  off  by  simple  ignition.  To  this  class  belong  black  powder 
and  nitrocellulose.  When  a  hghted  match  is  applied  to  black  powder, 
the  part  first  heated  begins  to  bunt  with  great  rapidity,  the  combustion 
being  supported  by  the  materials  contained  in  the  explosive  itself,  i.e.,  there 
is  induced  a  chemical  action  between  the  potassium  nitrate  on  the  one 
hand  and  the  carbon  and  sulphur  on  the  other.  The  resulting  process  of 
combustion  is  rapidly  propagated  throughout  the  mass  and  there  is  sud- 
denly produced  a  large  volume  of  hot  gas  with  an  enormous  expansive  force. 
Comparatively  speaking,  however,  the  wave  of  combustion  in  black  powder 
travels  at  a  low  speed.  The  force  of  the  explosion,  therefore,  develops 
slowly  and  its  rate  of  development  is  easily  capable  of  measiu«ment. 

The  second  class  of  explosives  here  considered  are  those  whose  explo- 
sive effects  are  not  developed  by  mere  ignition.  Dynamite,  smokeless 
powder,  and  picric  acid,  for  example,  when  set  on  fire  under  certain  condi- 
tions merely  bum  without  necessarily  producing  an  explosive  effect.  If, 
however,  picric  acid  or  nitroglycerine  (and  under  certain  conditions,  nitro- 
cellulose also)  be  confined  in  a  small  space  and  struck  a  sharp  blow,  there 
is  set  up  an  explosive  wave  of  decomposition,  distinct  from  the  wave  of 
combustion,  the  difference  between  the  two  being  that  the  former  is  prop- 
agated with  practically  immeasurable  velocity.  In  order  to  bring  about 
the  maximum  effect  of  such  an  explosive,  it  is  necessary  to  induce  an  ex- 
plosive wave  in  its  mass,  and  this  in  practice  is  acUHnplished  by  the  use  of 
a  "  priming  charge,"  consisting  of  a  small  amount  of  some  explosive  wfaicb 
decomposes  with  extraordinary  velocity.  Such  primers  are  the  oalts  of 
fulminic  acid,  the  most  important  being  mercury  fulminate.  So  great  is 
the  rate  of  decomposition  of  this  substance  when  heated  or  struck  that  the 
expansion  of  the  evolved  gas  has  the  effect  of  a  blow  delivered  by  a  mass  - 
moving  at  a  velocity  infinitely  great.  The  shock  so  produced  f^ainst  the 
adjacent  mass  of  picric  acid  or  similar  body  is  translated  into  a  wave  of 
decomposition,  which  instantaneously  transforms  it  into  gaseous  products. 

Mercury  fulminate  can  be  made  to  set  off  black  powder  and  all  other 
explosive  mixtures.  It  is  used  in  the  form  of  caps  or  detonators  in  prac- 
tically every  instance  where  an  explosion  is  to  be  brought  about,  whether 
for  industrial,  sporting,  or  miUiary  purposes.  All  shells  used  in  modem 
warfare  carry  speciai  detonators  of  mercury  fulminate  for  setting  off  their 
bursting  charges.  In  igniting  charges  of  smokeless  powder  in  caimon, 
the  fulminate  primers  fit^t  acts  on  a  chai^  of  black  powder,  the  flame  of 
which  ignites  the  powder  grains.  In  blasting  operations  the.chai^  of 
dynamite,  for  instance,  may  be  ignited  by  a  fuse,  which  is  a  long  string 
made  of  cotton  impregnated  with  finely  ground  black  powder.  When  one 
end  of  the  fuse  is  ignited  by  a  match  the  fire  travels  slowly  down  the  string 
until  it  reaches  the  primer,  giving  the  operators  an  opportunity  to  with- 
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draw  to  a  place  of  safety.  A  more  convenient  way  of  firing  blasts,  however, 
is  to  detonate  tlie  primers  by  means  of  an  electrically  heated  wire.  In  this 
way  any  number  of  charges  may  be  fired  Bimultaneously. 

Mercury  fubuinate  is  made  by  dissolving  mercury  in  nitric  acid  in 
the  presence  of  alcohol.  Its  manufacture  and  handling  are  very  dangerous. 
A  good  substitute  for  mercury  fulminate  in  primers  is  a  mixture  of  potas- 
sium chlorate  with  powdered  glaas  and  antimony  tnsulphide  or  various 
metallic  thiosulphates.  Such  priming  mixtures  are  safer  to  handle  than 
the  fulminate  and  for  this  reason  are  growing  in  favor. 
Another  good  priming  charge  has  the  composition: 

Per  Cent. 

Chlorate  of  potassium 48 

Sulphide  of  antimony 30 

Powdered  sulphur 22 
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CHAPTER  XLVII 


ALLEN  ROGERS 

In  Charge  of  InduatruU  Chemietry  and  Tanning  Cowrse»,  Pralt  InsHliUe,  Brooklyn,  N.  Y. 

Pelts  of  animals  left  in  a  moiat  condition  soon  putrefy;  if  dried,  they 
become  hard  and  homy.  These  objectionable  conditions  are  overcome 
by  what  is  known  as  tanning,  a  process  which  renders  the  putrescible 
animal  matter  less  perishable  and  at  the  same  time  soft  and  flexible 
enough  to  answer  its  Intended  purpose.  In  view  of  the  great  variety 
of  leathers,  ranging  from  heavy  sole  leather  to  light  kid,  there  are  likewise 
wide  divergences  in  the  processes  of  tanning,  the  materials  used,  and  the 
methods  of  their  apphcation. 

Structure  of  the  Skin.  Although  the  skins  of  the  various  animals  seem 
at  first  glance  to  have  very  Uttle  in  common,  they  present,  on  closer 
examination,  much  similarity  of  structure.  The  differences  in  texture 
and  thickness,  on  the  other  hand,  make  their  practical  application  vary 
greatly.  The  skins  of  lizards,  alligators,  fish,  and  serpents  differ  from 
those  of  the  higher  animalB  in  that  the  epidermis  becomes  harder  and 
forms  scales. 

The  skin  is  not  merely  a  covering  for  the  fuiimal,  it  is  at  the  same 
time  the  seat  of  the  organs  of  sense  and  of  certain  important  secre- 
tions. It  consbts  of  two  principal  layers,  the  epidermis  (epitkelium, 
cuticle)  and  the  corium  (derma,  ciUia,  or  true  skin).  The  epidermis  is 
very  thin  as  compared  with  the  true  skin  which  it  covers,  and  is  entirely 
removed  preparatory  to  tanning;  it  nevertheless  possesses  important 
functions.  Its  inner  mucous  layer,  which  rests  upon  the  true  skin,  is 
soft  and  composed  of  living  nucleated  cells,  which  multiply  by  division 
and  form  cell-walla  of  keratin.  These  are  elongated  in  the  deeper  layers, 
and  gradually  become  flattened  as  they  approach  the  surface,  where  they 
dry  up,  and  form  the  homy  layer  that  is  being  constantly  worn  away, 
thrown  off  as  dead  scales  of  skin,  and  renewed  from  below  by  the  multi- 
plication of  the  cells. 

It  is  from  the  epithelial  layer  that  the  hair,  as  well  as  the  sweat  and 
fat  glands,  are  developed.  Each  hair  is  surrounded  by  a  sheath 
continuous  with  the  epidermis,  and  in  which  the  young  hair  usually 
grows  as  the  old  one  falls  out.  Near  the  openings  of  the  hair-sheath  upon 
the  surface  of  the  skin  the  ducts  of  the  sebaceous  or  fat  glands  pass  into 
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the  sheath  and  secrete  a  sort  of  oil  to  lubricate  the  hair.  The  base  of 
the  hair  is  a  bulb,  enclosing  the  hair  papilla,  which  is  a  projecting  knob 
of  the  true  skin  and  which,  by  means  of  the  blood-vessels  contained  in  it, 
supplies  nourishment  to  the  hair.  The  hair  bulb  is  composed  of  round 
soft  cells,  which  multiply  rapidly,  and,  pressing  upward  through  the  hair- 
gheath,  become  hardened,  thus  increasing  the  length  of  the  hair. 

The  process  of  development  of  the  sudoriferous  or  sweat  glands  is 
very  similar  to  that  of  the  hair.  They  consist  of  more  or  less  convoluted 
tubes  with  walls  formed  of  longitudinal  fibers  of  connective  tissue  from  the 
corium,  lined  with  a  single  layer  of  large  nucleated  cells,  which  secrete 
the  perspiration. 

Besides  the  hair,  and  hair-sheaths,  and  the  sebaceous  and  sudoriferous 
glands,  the  epidermis  layer  produces  other  structures  of  a  homy  character, 
including  horns,  claws,  and  nails,  which, -both  chemically  and  anatomically, 
are  analc^ous  to  exaggerated  hairs.  This  is  apparent  in  the  quills  of  the 
porcupine.  The  whole  of  the  epidermis,  together  with  the  hairs,  is 
separated  from  the  corium  by  an  exceedingly  fine  membrane  called  the 
hyaline  or  glassy  layer.  This  forms  the  very  thin  grain  surface  of  tanned 
leather,  which  is  of  a  structure  different  from  the  rest  of  the  corium. 

The  structure  of  the  corium  or  true  skin  is  quite  difEerent  from 
that  of  the  epidermis.  It  is  composed  principally  of  interlacing  bundles 
of  fibers  known  as  connetiive  tissue,  and  cemented  together  by  a  sub- 
stance more  soluble  than  the  fibers  themselves.  These  fiber  bundles 
are  loosely  interwoven  in  the  middle  portion  of  the  skin,  but  become 
compact  again  near  the  flesh.  The  outermost  layer,  just  beneath  the 
epidermis,  is  also  very  close  and  compact.  The  skin  is  united  to  the 
animal  by  a  network  of  connective  tissue  {-panniadua  adiposua),  which  is 
frequently  full  of  fat  cells  and  is  then  called  adipose  tissue.  This  portion, 
together  with  "some  actual  flesh,  is  removed  in  (he  process  of  fiesking. 

Ordinarily  the  corium  or  true  skin  is  the  only  portion  used  for  leather. 
To  obtain  it  in  a  suitable  condition  for  the  various  tanning  processes,  the 
hair  or  wool,  together  with  the  epithelium,  must  be  completely  removed 
without  damaging  the  skin  itself;  and  special  care  must  be  taken  that 
the  grain,  or  portion  next  the  epidermis,  does  not  suSer  injury  during  the 
treatment. 

Classificatioa  of  Pells.  The  pelts  of  animals  come  to  the  tanner  in 
three  conditions:  green  (fresh  from  the  animal),  salted  (where  salt  has 
been  rubbed  on  the  flesh  side),  or  dried  (usually  stretched  on  boards  in 
the  sun).  The  pelts  bo  received  are  divided  according  to  size  into 
three  general  classes,  namely:  hides,  kips,  and  skins.  Hides  comprise 
pelts  from  large  and  fully  grown  animals,  such  as  the  cow,  horse,  camel, 
and  walrus.  These  form  thick  heavy  leather,  used  for  shoe  soles,  machin- 
ery belting,  harness,  and  other  purposes  where  stilfness  and  strength, 
combined  with  wearing  qualities,  are  necessary.  They  are  also  cut  into 
splits  for  use  as  shoe  uppers,  bag,  case,  strap,  automobile,  carriage,  fur^ 
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niture,  and  upholstering  leathers.  Kips  are  the  skins  of  undersized 
animals  of  the  above  species.  Skiiw  are  obtained  from  small  animals, 
such  as  calves,  sheep,  and  goats.  Tiipa  and  skins  yield  a  lighter  leather 
than  hides,  which  is  suitable  for  a  great  variety  of  purposes,  such  as  uppers 
for  shoes,  pocketbooks,  book  bindings,  gloves,  and  fancy  leather.  Pelta 
vary  in  thickness  and  texture  in  different  parts,  being  thicker  on  the  neck 
and  butt  than  on  the  flank  and  belly.  The  same  species  varies  greatly 
according  to  the  climatic  conditions  under  which  they  are  raised,  and  to 
their  breeding  and  feed.  They  often  show  injuries  like  cuts,  brand-marks, 
gruB  holes,  and  sores  caused  by  the  bot-fly  or  warble.  Diseased  hides 
are  sometimes  found  and  are  a  source  of  great  danger  to  the  tanner  on 
account  of  the  cont^ous  nature  of  some  of  the  diseases,  especially  anthrax. 

Soaking.  Whether  the  skins  or  hides  are  green,  green-salt«d,  or  dried, 
they  must  first  be  soaked  in  water  to  remove  the  dirt  and  blood  in 
the  case  of  green  stock,  salt  in  the  salted,  and  hardness  in  the  case  of 
the  dried.  It  is  very  essential  that  the  pelts  should  be  free  from  all  fore^ 
matter  before  entering  the  limes  or  other  unhairing  solutions;  as  the  pres- 
ence of  salt  greatly  retards  the  plumping,  and  the  presence  of  albuminous 
matter  is  apt  to  set  up  an  undesirable  fermentation  in  the  aft«r  treatments. 
When  perfectly  soft  and  well  washed,  the  skins  or  hides  are  removed  from 
the  aoaka,  thrown  over  a  rounded  beam,  tails  and  ear-laps  trimmed,  and 
any  adhering  portions  of  flesh  removed. 

The  time  of  soaking  varies  from  one  or  two  days  to  several  days, 
depending  upon  the  thickness  of  the  hide  and  the  age  and  temperature 
of  the  soak.  Putrid  soaks,  formerly  used  to  quite  an  extent,  soften  much 
quicker  than  fresh  ones,  but  great  care  is  necessary  in  using  them  lest 
the  decomposition  attack  the  hide  fiber  itself.  In  the  case  of  heavy  hides 
that  soften  very  slowly,  it  is  advantageous  to  run  them  in  a  drum  for  a 
short  time  with  water  at  a  temperature  of  about  40°  F.,  the  tumbling 
movement  materially  aiding  in  the  softening  process.  The  addition 
of  small  amounts  of  alkali  or  acid  to  the  soak  water  materially  shortens 
the  time  of  soaking  and  prevents  the  excessive  loss  of  hide  substfuice. 
For  this  purpose  0.1  per  cent  of  caustic  soda  on  the  weight  of  the  water  is 
very  satisfactory.  Sodium  sulphide,  borax,  and  sodium  carbonate  may 
also  be  employed,  in  which  case  about  0.3  per  cent  should  be  taken.  Dur- 
ing the  past  few  years  formic  acid  has  come  into  use,  about  0. 1  per  cent  of 
the  weight  of  the  water  being  required.  When  properly  soaked,  the  stock 
should  be  free  from  hard  spots  and  in  a  soft  conditif>n. 

Water  for  Tannery  Purposes.  Water  is  used  in  the  tannery  for  soaking 
and  washing,  making  limes,  preparing  bates  or  puers,  leaching  barks, 
and  dissolving  extracts,  also  for  steam  boilers,  and  in  dyeing.  For  all  of 
these  purposes  the  water  shou!d  be  as  pure  as  possible.  The  tannery  must 
be  located  in  a  section  where  a  good  water  supply  is  available,  and  the 
water,  if  hard,  must  be  softened  by  chemical  means.  The  most  objec- 
tionable features  of  a  bad  water  supply  are  its  temporary  and  perm^ 
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Dent  hardness.  Both  may  be  removed  by  a  proper  softening  agent, 
such  as  sodium  carbonate.  The  treatment  should  be  carried  out  in 
tanks,  and  the  sludge  allowed  to  settle  before  use.  A  small  amount 
of  hardness  is  not  harmful,  however,  and  up  to  ten  parts  of  solids  per 
hundred  thousand  may  be  disregarded.  Water  possessing  temporary 
hardness  will  cause  the  foUowing  objectionable  conditions:  When  leaching, 
the  calcium  and  magnesium  carbonates  in  it  combine  with  the  tannin 
to  form  an  insoluble  substance  with  no  tanning  properties.  In  dissolving 
basic  dyes  with  this  kind  of  water  there  is  a  precipitation  of  the  color  base, 
which  renders  part  of  the  dye  useless.  Further,  as  this  precipitate  is 
deposited  on  the  skin,  it  causes  uneven  dyeing  and  gives  rise  to  spots  and 
streaks. 

Permanent  hartkiess  is  very  objectionable  in  water  for  boiler  pur- 
poses, but  otherwise  is  not  so  harmful  as  temporary  hardness.  The 
presence  of  calcium  and  magnesium  sulphates  is  usually  the  cause  of 
permanent  hardness,  and  these  salts  being  already  combined  with  a  strong 
acid  can  have  no  action  upon  the  tannic  acid  during  the  process  of  leaching. 
There  might  possibly  be  a  slight  tendency  to  lessen  the  solubility  of  the 
tannins,  however,  but  this  could  be  overcome  by  softening  water  of 
extreme  hardness.  One  danger  from  water  containing  calcium  and  mag> 
nesium  sulphates  arises  during  the  process  of  scouring  and  fat-hquoring, 
when  one  part  of  lime,  reckoned  as  carbonate,  destroys  twelve  parts  of 
soap,  producing  a  sticky  and  insoluble  lime  soap  which  adheres  to  the  fiber 
and  is  very  difficult  to  remove. 

Mud  under  any  circumstances  is  objectionable,  for  it  usually  con- 
tains organisms  that  encourage  the  putrefaction  of  hides  during  the 
soaking  process.  It  also  abnost  always  holds  iron,  which  either  pro- 
duces stains  or  gives  a  dark-colored  leather.  Sodium  sulphate  is 
probably  inoperative.  Sodium  chloride,  on  the  other  hand,  prevents 
plumping,  and  may  be  the  cause  of  thin  and  soft  leather,  and  in  large 
amounts  will  greatly  impede  the  proper  exhaustion  of  many  tanning 
materials. 

Fleshing.  After  being  soaked,  the  skins  are  usually  jUahed.  This 
operation  removes  any  fat  or  fiesh  left  on  the  pelt  by  the  butcher,  and 
conosts  in  working  the  hide  over  a  beam  and  using  a  sharp  knife.  In 
nearly  all  modem  tanneries,  however,  the  beam  has  been  replaced  by 
machines  (Fig.  369)  for  the  purpose. 

The  type  of  machine  employed  for  fleshing  skins  differa  somewhat 
from  that  used  for  hides,  although  the  operation  is  similar  in  each  case. 
The  essential  feature  of  the  machine  is  a  cylinder  with  spiral  blades 
arrai^ed  right  handed  on  one  side,  and  left  handed  on  the  other.  By 
means  of  this  kind  of  blade  the  fiesh  is  easily  removed  and  the  hide 
stretched  in  all  directions. 

Dei^titm.  By  the  term  depilation  is  meant  the  removing  of  the 
hau"  and  epidermis.    This  is  necessary  in  all  kinds  of  leather,  except  that 

D,uMz.;l;,V.OOglC 


1006  tNDUSTRIAL  CHEMISTRY 

used  for  furs.    The  soft  mucous  matter  of  the  epidemuB  is  affected,  and  the 
hair  loosened  without  materially  injuring  the  true  ekin. 

Sweating.  The  oldest  method  of  depilation  seems  to  have  been  by 
incipient  putrefaction,  or  "  sweating,"  as  it  was  called.  The  hides  were 
allowed  to  remain  in  piles  in  a  warm,  damp  room  until  the  mucous  matter 
connecting  the  epidermis  with  the  dermis  had  decomposed.  This  loosened 
the  hair  without  injuring  the  true  skin.    This  method,  however,  often 


Fig.  369. — Fieahiog  Machine. 

resulted  in  damaged  stock,  so  the  process  was  improved  upon  by  allow- 
ing the  hides  to  hang  in  a  closed,  damp  room  or  cellar  called  a  "  sweat 
pit."  Two  general  methods  are  employed  known  as  "  cold  sweat  "  and 
"warm  sweat." 

C<M  Siveai.  The  cold  sweat  method  is  very  largely  used  in  this 
country,  especiaJly  for  unhairing  dry  hides  for  the  manufacture  of  sole 
leather.  The  sweat  pit  is  a  structure  usually  built  above  ground  and 
protected  from  outside  atmospheric  influences  by  means  of  an  outer 
and  inner  wall  filled  in  between  with  tan  bark  or  other  material  to  prevent 
loss  of  heat  by  radiation.  The  temperature  of  these  pits  is  controlled  by 
means  of  steam  pipes  running  under  the  false  flooring  and  by  a  sprinkler 
system  to  provide  moisture  and  decrease  the  temperature  in  case  of  neces- 
sity. The  temperature  is  maintained  at  about  70°  F.  The  hides  are  hung 
on  hooks,  each  chamber  holding  a  single  pack.  The  sweating  lasts  usually 
four  or  five  days.  Near  the  end  of  the  operation  the  stock  is  carefuUy 
examined,  and  in  order  to  retard  putrefaction,  those  hides  showing  the 
first  signs  of  slipping  are  dropped  to  the  floor  where  it  is  cooler  than  hither 
in  the  pit.  At  the  conclusion  of  the  process  the  hides  are  thrown  into  lime 
liquors  for  a  short  time  to  remove  the  slimy  feel  and  to  slightly  plump  the 
stock.  The  value  of  this  process  depends  upon  the  fact  that  the  hides 
are  left  in  a  firm  condition  without  any  appreciable  loss  of  hide  substance, 
but  even  when  most  carefully  conducted,  there  is  great  danger  from 
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excessive  putrefaction  with  a  consequent  damage  to  the  grain.  Although 
this  process  has  its  disadvantages,  dangers,  and  shortcomings,  it  is  very 
widely  nsed  and  no  doubt  will  be  continued  for  some  time  to  come. 

Warm  Sweat.  The  warm  sweat  method  is  very  similar  to  the  cold 
sweat  proceea,  except  that  the  temperature  is  higher,  about  80°  F.,  and 
the  time  of  treatment  somewhat  shorter.  It  is  applied  more  especially 
to  sheepskins  and  is  known  as  "  staling."  This  process  has  not  been 
adapted  to  any  extent  in  this  country. 

Liming.  Lime  is  the  most  common  agent  for  unhairing,  although 
it  also  has  disadvantages.  In  preparing  the  lime  solution  a  quantity 
of  fresh  lime  (c^cium  oxide)  is  slaked  by  placing  in  a  shallow  tank,  similar  ,. 
to  that  used  by  builders,  and  adding  sufficient  water  to  thoroi^hly  moisten 
it.  At  the  end  of  one  or  two  hours  it  becomes  heated  and  falls  to  a 
powder.  Sufficient  water  is  added  to  form  a  thick  paste,  which  may  be 
kept  for  se^vtal  weeks  or  even  months  without  much  change.  When 
required  for  use  a  suitable  amount  is  dug  out,  stirred  with  water  to  remove 
rocks,  and  then  run  into  the  pits.  As  only  the  lime  in  solution  is  available 
for  unhairing,  the  addition  of  a  large  excess  is  unnecessary.  It  is  essen- 
tial simply  to  provide  a  surplus  of  soHd  lime  to  replace. that  taken  up  by 
the  hide.  It  is  impossible  to  set  any  fast  rule  as  to  the  proper  quantity 
of  lime,  but  a  safe  margin  is  10  pounds  for  each  100  pounds  of  hide. 

The  usual  method  of  liming  is  to  place  the  hides  one  at  a  time  in  the 
lime  solution,  taking  care  that  each  bide  is  well  immersed  before  entering  . 
the  next  one.  The  bides  are  taken  out  {hmdecC)  each  day,  bettered,  and 
the  liquor  well  plung^  up,  in  order  to  distribute  the  undissolved  lime 
throughout  the  pit.  They  are  then  thrown  back  (aef),  care  being  taken  to 
spread  them  out  fully.  In  some  yards  the  hides  are  joined  by  hooks 
(toggled)  and  reeled  from  one  pit  to  another,  or  to  the  same  pit.  Sometimes 
hides  are  suspended  in  the  liquor,  and  the  limes  are  kept  in  motion  by 
means  of  a  paddle,  or  by  blowing  in  air.  The  most  common  means,  how- 
ever, of  agitating  the  liquor  is  by  the  ordinary  paddle  box  run  at  intet^ 
vals  during  the  day. 

The  action  of  lime  on  the  hide  is  to  swell  up  and  soften  the  epidermis 
cells,  dissolve  the  mucous  layer,  and  loosen  the  hair  so  that  on  scraping 
with  a  blunt  knife,  both  the  epidermis  and  hair  are  easily  removed.  The 
action  on  the  true  skin  is  very  vigorous,  causing  the  hide  to  become 
plimip  and  swollen,  and,  at  the  same  time  dissolving  the  cementing 
material  of  the  fibers,  thus  causing  them  to  become  split  up  into  finer 
ibrils.  This  swelling  is  probably  due  to  hydrolysis  of  the  albuminous 
matter  and  to  the  formation  of  a  lime  soap.  Not  only  does  the  liming 
process  remove  the  hair  and  epidermis,  but  it  also  is  of  value  in  the  reflesh- 
ing  process,  as  it  gives  to  the  hide  a  greater  firmness,  very  desirable  when 
workii^  with  the  knife  or  on  the  machine.  The  time  of  Uming  varies  with 
the  season  of  the  year  and  with  the  kind  of  stock  treated;  it  may  run 
from  three  to  thirty  days.    The  age  of  the  lime  greatly  influences  the  time 
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of  treatment  as  well  as  the  character  of  the  finished  product.  Old  limes 
UDhair  much  quicker  than  fresh  ones.  It  is  often  customary  to  place  the 
hides  in  an  old  lime  for  several  days,  or  until  the  haii  and  epidennis  have 
Btarted  to  loosen,  then  change  them  to  a  fresh  lime,  which  produces  the 
desired  plumping  of  the  fibers.  Great  care,  however,  must  be  taken  that 
the  limea  do  not  become  too  old  especially  in  hot  weather,  for  this  condi- 
tion will  be  very  apt  to  produce  a  transparent  swelling  of  the  tissue  with 
destruction  to  the  fiber.    In  modem  practice  old  limes  are  very  Uttle  used. 

Arsenic  Sulphide.  When  the  Ted  svlphide  of  arsenic,  AssSs,  is  dis- 
solved in  hot  water  and  added  to  lime  it  increases  its  depilating  efficacy. 
It  is  especially  good  for  fine  leathers,  to  which  it  gives  the  necessary  stretch, 
softness,  and  cleameaa  of  grain,  without  the  loss  of  hide  substance  and  the 
loosening  effect  caused  by  ordinary  limii^.  The  amount  used  varies 
somewhat,  but  may  be  said  to  run  from  0.1  to  0.4  per  cent  of  realgar 
and  4  to  6  per  cent  of  time,  reckoned  on  the  weight  of  the  green  sldns. 

Sodium  Sulphide.  This  substance  when  employed  in  strong  solution, 
5  per  cent  or  over,  has  the  effect  of  rapidly  reducing  the  hair  and  epidermis 
to  a  sort  of  pulp,  which  may  be  easily  swept  off  with  a  broom  or  even 
washed  off  in  the  drum.  The  operation  is  usually  conducted  in  a  paddle 
and  takes  about  two  hours  for  the  complete  removal  of  the  hair  and 
epidermis.  The  action  on  the  bide  substance,  and  especially  upon  the 
cementii^  material,  is  very  slight,  although  the  grain  is  swollen  and 
temporarily  rendered  somewhat  tender.  As  this  strong  solution  destroys 
the  hau-  it  is  only  used  on  such  stock  as  goat  skins,  where  the  hair  is  of 
minor  importance.  On  the  other  hand,  when  used  in  weak  solutions, 
0.25  per  cent  or  less,  in  conjunction  with  lime,  the  hair  is  but  little  injured, 
the  hair  roots  and  dirt  being  rapidly  loosened  with  a  result  somewhat 
similar  to  that  produced  by  arsenic  sulphide.  Sodium  sulphide  in  strong 
solution  produces  a  false  grain.  This  very  undesirable  condition  may  be 
overcome  by  using  a  dilute  solution  and  running  for  a  longer  period,  or  by 
introducing  25  per  cent  of  caidum  chloride  on  the  weight  of  the  sulphide 
used. 

Arazym.  It  has  recently  been  discovered  by  Dr.  Otto  Rohm  that 
hides  and  skins  can  be  unhaired  and  bated  in  one  operation  by  means 
of  Iryptase  in  an  alkaline  solution.  If  this  proves  successful  from  a  prac- 
tical standpoint  it  will  tend  to  materially  change  the  old-time  beam-house 
methods.  By  this  process  the  soaked  and  fleshed  stock  is  placed  in 
a  0.1  per  cent  solution  of  caustic  soda  for  twenty-four  hours  to  allow  plump- 
ing and  opening  up  of  the  fiber  bundles.  The  caustic  soda  is  then  drawn 
off,  the  skins  washed  in  ruiming  water  for  a  short  time,  and  enough 
sodium  bicarbonate  introduced  to  make  a  0.1  per  cent  scriution.  The 
temperature  of  the  water  is  raised  to  90°  F.  and  suflicient  arazym  added 
to  give  a  0.1  per  cent  solution.  The  stock  is  run  in  this  solution  from 
twenty-four  to  forty-eight  hours  or  until  unhaired. 

Caicium  Svlpkydrate.    This  compound  is  a  very  powerful  depilatory. 
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but  is  little  used  on  account  of  its  unstable  character.  It  is  probably 
formed  to  some  extent  when  sodium  sulphide  and  arsenic  sulphide  are 
added  to  lime.  It  may  be  produced  by  passing  hydrogen  sulphide  into 
milk  of  lime  until  the  latter  becomes  saturated.  This  is  the  substance 
largdy  sold  as  a  patent  depilatory  for  removing  superQuous  growths  of 
hair. 

Pnhairing.  When  the  process  of  depilation  is  complete  the  skins 
or  bides  are  removed  from  the  pits  and  allowed  to  drain  for  half  an  hour 
or  more.  They  are  then  placed  on  the  beam  and  the  hair  removed  by 
means  of  a  blunt  knife.  In  recent  years  various  machines  have  been 
devised  to  remove  hair,  and  these  have  been  brought  to  such  perfection 
that  the  old  method  of  hand  work  has  been  almost  entirely  eliminated. 
The  unhairing  machine  (Fig.  370)  is  very  similar  to  the  fleshing  machine, 
but  is  provided  with  a  blunt 
knife  which  works  f^ainst  the 
gram  of  the  stock. 

Bating.  It  is  very  essential 
that  the  lime,  or  other  depilat- 
ing agent,8hould  be  completely 
removed  after  it  has  done  its 
work,  for  when  brought  into 
contact  with  tanning  materials, 
it  has  a  very  harmful  action. 
It  also  has  a  tendency  to 
weaken  the  fiber  and  produce 

a  harsh-feeling  product.    For  pio.  370.— Unhairing  Machine, 

most  leather  it  is  necessary 

not  only  that  the  lime  be  completely  removed,  but  that  the  skin  be 
brought  from  its  swollen  to  a  soft  and  open  condition.  To  accomplish 
this  with  the  heavier  classes  of  dressing  leather,  such  as  split  hides, 
kips,  colt,  and  calfskins,  the  stock  is  run  in  a  weak  fermenting  infusion 
of  pigeon  or  hen  manure'.  The  time  of  immersion  depends  upon  the 
strength  of  the  liquor  and  the  nature  of  the  pelts  under  treatment. 

Puering.  This  very  similar  process  is  applied  to  the  finer  and  lighter 
skins,  such  as  glove  and  glac^  kids  and  moroccos.  Dog  manure  is  sub- 
stituted for  that  of  birds.  As  the  mixture  is  used  warm  and  the  skins  are 
thin,  the  procesp  is  complete  in  a  few  hours.  Neither  bating  nor  puering 
is  very  effective  in  removing  lime,  but  seem  to  act  upon  the  hide  sub- 
stance by  means  of  bacterial  products,  causing  the  pelt  to  fall,  that  is, 
to  become  soft  and  Baccid.  Great  care  must  be  exercised  in  this  treat- 
ment, in  order  to  prevent  possible  decomposition  of  the  hide,  or  what  is 
known  as  "  running  of  the  grain,"  where  the  action  becomes  local  and 
the  grain  is  eaten  away  in  spots.  During  electrical  storms  the  action, 
it  is  claimed,  becomes  intensified  and  may  result  in  a  complete  decomposi- 
tion of  the  pack,  unless  the  skins  are  drawn  out  or  the  liquor  greatly  diluted. 
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When  the  skins  ase  removed  from  the  dung  infusion,  they  are  sightly 
alkaline  in  reaction  from  excess  of  Ume  and  ammonia.  This  condition 
must  be  removed  before  the  actual  tanning  process.  The  neutralization, 
accomplished  in  various  ways,  is  known  as  drenching  and  pickling. 

During  the  past  few  years  several  patented  bates  have  replaced  the 
older  methods  to  a  very  large  extent.  These  bates  are  of  a  chemical 
nature,  a  fermentative  nature,  or  both.  Of  these  preparations  the  onea 
now  being  used  are  the  following: 

Oropon.  This  material  is  composed  of  ammonium  chloride,  wood 
fiber,  and  dry  pancreas.  It  is  put  on  the  market  as  a  dry  powder  and  has 
this  advantage  that  no  previous  preparation  is  necessary.  The  quantity 
required  is  from  }  to  1  per  cent  of  the  weight  of  the  stock  at  a  tempersr 
ture  of  from  90  to  100°  F.  The  first  action,  the  neutralization  of  the 
lime  by  the  ammonium  chloride,  causes  the  stock  to  fall  at  once;  the 
enzymes  than  exert  a  solvent  action  upon  the  cementing  material  of  the 
hide  causing  it  to  become  open. 

Puerine.  This  coin  pound  must  be  fermented  befwe  use.  Once 
started,  however,  it  can  be  run  for  several  months,  there  being  necessary 
only  the  addition  of  fresh  material  for  that  exhausted. 

Chemical  Bates.  For  certain  claraes  of  leather  anmionium  butyrate, 
lactic  acid,  or  formic  acid  have  been  found  to  give  very  satisfactory  resulta. 
All  of  these  are  very  active  deliming  agents.  Ammonium  chloride  has  a 
solvent  action  upon  the  lime  and  is  used  in  many  of  the  patent  bates. 
Boric  acid  is  occasionally  employed,  because  it  has  power  not  only  to 
remove  the  depilating  agent,  but  also  to  hasten  the  tanna^,  giving  a  good 
color  and  smooth  grain.  Where  chemicals  alone  are  employed  the  results 
differ  from  those  obtained  with  bacterial  bates. 

Drenching.  Drenching  is  sometimes  used  as  a  substitute  for  batii^, 
but  usually  follows  the  bating  process.  It  not  only  serves  to  remove 
the  hme  completely,  but  tends  to  slightly  plump  the  skins.  The  drench 
liquor  is  prepared  by  allowing  an  infusion  of  bran  in  warm  water  to 
ferment  under  the  action  of  special  bacteria  which  develop  lactic  and 
acetic  acids.  When  a  bath  is  once  prepared  it  can  be  used  continuously 
by  drawing  off  part  of  the  liquor  and  adding  fresh  portions  of  bran  and 
water.  In  neutrafizing  by  this  method  the  skins  are  entered  and  the 
liquor  moved  occasionally  to  get  a  uniform  contact.  As  fermentation 
becomes  well  established  during  the  night,  the  gas  produced  makes  the 
skins  rise  to  the  top.  The  night  watchman  then  forces  them  under  again 
with  a  heavy  poie.  On  rising  a  second  time  they  are  free  from  lime 
and  in  a  soft,  open  condition.  This  open  condition  is  very  essential  in 
soft  leather  but  not  desirable  in  harness,  or  other  kinds  of  firm  and  heavy 
,  leather, 

Picbliog.  This  method  usually  consists  in  running  the  skins  is  a 
concentrated  salt  solution  containing  a  small  amount  of  sulphuric  acid. 
The  ratio  between  salt  and  acid  is  usually  8  pounds  of  salt  to  1  pound  of 
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acid.  The  solution  should  stand  1.060  8p.gr.  (8°  B^.,  12°  Tw.,  60°  6k.). 
In  some  tanneries  the  pickling  is  done  in  the  paddle,  and  fresh  acid  intro- 
duced after  each  pack  has  been  removed.  If  the  pickle  has  the  correct 
acid  strength,  15  cc.  of  normal  sodium  hydroxide  will  neutralize  100  cc. 
of  the  liquor,  using  phenolphthalein  as  an  indicator.  The  salt  should  be 
replenished  by  adding  a  sufficient  amount  to  keep  the  specific  gravity 
up  to  1.060.  The  usual  practice  in  this  country  is  to  pickle  in  the  drum, 
which  has  the  advantage  of  being  more  rapid  and  does  not  depend  upon 
chemical  control. 

The  Taoning  Operatton.  The  term  tanning  was  or^nally  applied 
to  the  treatment  of  hides  and  skins  with  some  vegetable  product  contain- 
ing tannic  acid.  With  the  introduction  of  chemical  methods  for  preserving 
the  hide  substance  the  old  term  has  been  retained,  bo  that  the  term 
tanniTig  may  mean  a  treatment  not  only  with  mineral  salts,  oils,  or 
aldehydes,  but  also  with  vegetable  substances  containing  tannic  acid.     ' 

Vegetable  Tannage.  For  the  actual  tanning  operation  the  liquor 
used  depends  entirely  upon  the  nature  of  the  skins  or  hides  and  upon 
the  kind  of  leather  to  be  turned  out.  There  are,  however,  three  general 
methods.  The  first  consists  in  suspending  the  stock  in  a  solution  of  the 
tanning  material;  the  second,  carried  out  in  a  paddle,  keeps  the  stock 
in  constant  motion  during  the  whole  or  part  of  the  operation;  the 
third  consists  in  tumbling  the  stock  in  a  drum  or  pin  mill  during  the  whole 
or  part  of  the  operation.  For  heavy  hides  the  time  of  treatment  is,  of 
course,  very  much  longer  than  for  light  skins. 

Harness  Leatlier.  The  bated  hides  coming  from  the  "  beam  house  " 
are  placed  in  an  acid  hquor  to  neutralize  the  lime.  This  is  done  in 
stick  pits  or  suspenders,  the  name  coming  from  the  fact  that  the  hides 
are  suspended  by  the  butts  from  sticks  placed  across  the  pit.  The  liquor 
in  the  first  pit  is  very  dilute  and  nearly  exhausted,  having  a  density  of 
about  8°  Bk.  From  day  to  day  Ihe  liquor,  consisting  of  a  mixture  of 
vegetable  tanning  materials,  is  changed,  so  that  a  gradual  increase  in 
its  strength  is  obtained.  After  the  hides  have  remained  in  the  suspenders 
from  fifteen  to  twenty  days  they  are  transferred  to  a  series  of  pits  called 
layers,  containing  a  stronger  liquor.  The  weakest  liquor  from  the  young- 
est  handler  pit  is  run  daily  to  the  suspenders,  a  new  and  stronger  liquor 
being  run  into  the  pit  holding  the  oldest  and  most  tanned  pack.  As 
this  pack  is  removed  the  next  in  age  takes  its  place,  while  the  youngest 
pack  enters  the  pit  containing  the  weakest  liquor.  In  this  manner  each 
pack  receives  a  change  of  liquor  of  graduated  strength,  passing  from  about 
20"  Bk.  to  one  of  30"  Bk.  In  the  layers  the  hides  are  completely  struck 
through  or  tanned,  which  usually  takes  from  thirty  to  fifty  days. 

On  removal  from  the  layers  the  stock  is  thoroughly  washed  to  free  it  , 
from  insoluble  matter,  set  out,  and  then  scoured  to  remove  the  "  bloom." 
TI  e  scouring  or  cleaning  process  is  accomplished  by  placing  the  hides  on 
the  movable  table  of  the  scouring  machine,  where  they  are  violently 
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scrubbed  with  a  coarse  brush  and  stone  sticker,  while  a  stream  of  water 
is  allowed  to  play  over  the  surface. 

In  order  to  secure  a  better  and  more  uniform  color  it  is  customary  to 
strip  or  remove  a  piut  of  the  surface  tannine  by  means  of  borax  or 
weak  alkali.  This  is  usually  carried  out  in  the  drum,  and  the  excess  of 
alkali  neutralized  with  oxalic,  sulphuric,  lactic,  or  formic  acids.  Tbe 
cleared  hides  Are  then  cleaned  by  thorough  washing  and  retanned  with 
sumac  or  other  light-colored  tanning  material.  Previous  to  the  retanning 
it  is  also  customary  in  most  shops  to  remove  a  small  skiv^  from  tbe 
fiesh-side  so  that  the  hides  will  have  a  imiform  thickness  and  appearance. 

The  object  of  this  operation  is  to  surround  the  fibers  with  fat  and 
oil,  which  serves  to  lubricate  them  and  render  the  leather  more  pliable, 
while  at  the  same  time  it  givra  to  the  stock  more  body  or  weight.  The 
most  common  process  consists  in  placing  the  sammied  (damp)  hides  in 
a  drum,  heated  to  about  140°  F.,  and  rumiing  in  the  melted  stuffing 
material  throi^h  the  trunnion.  Many  kinds  of  stuffing  greases  are  used. 
One  which  gives  very  satisfactory  results  consists  of  a  mixture  of  tallow 
and  cod  oil.  After  running  for  about  half  on  hour  the  hides  are  removed 
and  set  out  while  still  warm.  This  setting  out  is  accomplished  on  a 
machine  of  which  there  are  several  types.  In  the  setting  out  the  excess 
of  grease  is  removed  and  the  stock  given  a  mild  stretching.  Stuffing 
may  also  be  done  by  hand,  in  which  case  a  dubbing  of  cod  oil  and  tallow 
is  applied  to  the  flesh  and  the  hides  set  on  the  grain  on  a  table.  The  well- 
set  leather  is  now  rolled  on  tbe  flesh,  coated  with  cod  oil,  and  hung  up 
to  dry.  When  thoroughly  dry  the  leather  is  snuffed  on  the  grain  either 
by  hand  or  on  the  machine.  In  the  case  of  russet  leather  a  colored  Gnish 
is  applied  to  tbe  grain  and  the  stock  smooth  plated.  If  black  leather, 
the  stock  is  usually  colored  with  hematine  and  a  striker.  In  either  case 
a  top  finish  of  stearine  is  applied  and  the  leather  brushed  for  finish. 

Strap  Leather.  For  this  class  of  leather  the  same  process  is  used  as 
for  harness  up  to  tbe  point  where  the  stock  leaves  the  stick  pits.  At  this 
stage  the  hides  are  usually  spht  to  gauge  and  the  grain  only  placed  in  the 
layers.  By  this  splitting  operation  the  time  in  the  layers  becomes  much 
shortened.  From  the  layers  the  hides  are  washed  and  bleached  and 
retanned  with  sumac,  washed  again,  and  set  out  on  the  machine.  They 
are  next  hand  stuffed  wi,th  a  dubbing  of  tallow  and  cod  oil  and  tacked  out 
on  frames.  When  dry  the  leather  is  stripped,  given  a  gum  or  oil  finish 
on  the  flesh,  and  rolled.  It  is  then  hand  or  machine  snuffed,  and  given  a 
finish  of  dextrine  appUed  to  the  grain.  The  stock  is  now  smooth  plated 
and  coated  with  stearine.  After  standing  twenty-four  hours,  the  leather 
is  brushed  for  final  finish. 

Sole  Leatlier.  The  green-salted  hides  are  shaken  free  from  salt, 
trimmed,  and  cut  into  sides.  The  sides  are  thrown  into  water,  where  they 
are  allowed  to  remain  for  twenty-four  hours.  They  are  then  removed  from 
the  water,  placed  in  the  drum,  and  turned  for  one-half  hour.    If  not 
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sufficiently  soft  they  are  again  returned  to  the  still  aoak  for  another 
day. 

In  liming  this  grade  of  stock  the  hides  are  first  treated  with  a  mixture 
of  10  per  cent  hydrated  lime  and  2  per  cent  sodium  sulphide  and 
left  in  the  hquor  one  day.  On  the  second  day  they  are  transferred  to 
another  paddle  or  pit  containing  10  per  cent  of  lime  and  1  per  cent  of  sodium 
sulphide.  On  the  third  day  the  hides  are  transferred  to  straight  lime  liquor 
containing  10  per  cent  on  the  weight  of  stock.  On  the  fourth  and  fifth 
days  they  are  fdso  changed  to  straight  lime.  On  the  sixth  day  they  are 
thrown  into  the  warm  pool  for  half  an  hour,  after  which  they  are  ready 
for  unhairing. 

On  removal  from  the  wann  pool,  the  aides  are  placed  on  a  table,  spotted 
for  white  hair,  and  then  the  remainder  of  the  hair  removed  by  the  unhairing 
machine  or  over  the  beam. 

The  unhaired  stock  is  next  fleshed  on  the  machine  and  thrown  into 
a  wash  paddle  for  one-half  hour.  It  ia  subsequently  skudded  on  the 
beam,  placed  on  sticks,  and  put  into  a  cold  0.6  per  cent  solution  of 
lactic  acid  overnight. 

On  removal  from  the  cold  pool,  the  sides  are  placed  in  the  tail  rocker 
liquor,  which  consists  of  an  8°  Bk.  solution  of  hemlock  extract,  chestnut 
extract,  and  myrabolans,  or  other  combination,  with  an  acidity  of  about 
0.6  per  cent.  The  liquor  is  changed  from  day  to  day  until,  by  pressing 
fonrard,  it  increases  in  stm^h  to  about  12°  Bk.  This  should  take  about 
fourteen  days. 

The  stock  coming  from  the  head  nxker  is  placed  in  the  first  layer 
hquor,  where  it  is  further  tanned  in  a  mixture  of  tanning  extract,  standing 
at  about  20°  Bk.  The  hquors  are  pressed  forward  for  twenty  days,  the 
stock  coming  out  of  a  25°  Bk. 

The  second  layer  is  usually  made  up  of  straij^t  chestnut  extract  at 
30°  Bk.,  and  the  stock  remains  in  it  for  about  seventeen  days.  As  the 
sides  are  thrown  into  the  pit,  each  one  is  sprinkled  over  with  chestnut 
oak  bark  chips. 

The  third  layer  liquor  is  commonly  made  up  of  a  40°  Bk.  ordinary 
quebracho  extract,  and  the  stock  is  piled  down  in  it  for  thirty  days. 

As  the  hides  are  removed  from  the  last  layer,  they  are  thrown  into  a 
warm  quebracho  liquor  for  about  one  hoiu  and  then,  after  pressing,  are 
transferred  to  the  mill.  A  100°  Bk.  ordinary  quebracho  extract  at  130° 
F.  is  introduced  and  the  stock  extracted  in  it  for  one  hour.  From  the 
extract  mill  the  stock  is  thrown  into  a  tempering  pit  containing  clarified 
quebracho  extract  and  allowed  to  remain  for  four  or  five  days.  From  the 
tempering  pit  the  hides  are  placed  on  sticks  and  dipped  for  five  minutes 
in  a  warm  solution  of  sodium  carbonate,  followed  with  a  five-minutes' 
dip  in  warm  water,  than  in  a  solution  of  sulphuric  acid,  again  in  a 
second  solution  of  sulphuric  acid,  and  finally  in  warm  water.  From  the 
bleach  the  stock  is  again  pressed  and  is  ready  for  filling.    To  the  stock 
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in  the  drum  is  added  a  strong  solution  of  ^ucose  ^rup,  magnesium 
sulphate,  and  sole  leather  oil,  and  the  hides  are  run  in  this  compound  for 
one-half  hour. 

Sole  leather  should  be  dried  out  very  slowly  by  placing  it  in  a  cold, 
dark  loft.    After  two  days  the  temperature  may  be  raised  if  desired. 

The  dried  sides,  on  removal  from  the  loft,  are  dipped  in  a  warm.di1ute 
solution  of  gluco^  and  magnesium  sulphate  and  piled  down  overnight. 
The  wet  stock  is  given  a  liberal  coat  of  sole  leather  sponging  compound 
and  is  then  rolled  while  wet.  This  should  be  done  in  the  morning,  so  that 
the  stock  may  again  be  rolled  in  the  afternoon  when  dry.  Many  tanners 
do  nothing  more  after  rolling,  but  some  prefer  to  apply  a  coat  of  brushing 
compound,  and,  when  this  is  dry,  pass  the  stock  through  the  brushing 
machine. 

Belt  Leather.  For  belting  leather  the  same  process  is  followed  through 
the  liming  and  tanning  up  to  the  extract  mill.  This  class  of  leather,  how- 
ever, is  not  filled.  The  stock  coming  from  the  yard  is  cut  into  belting 
butts,  washed,  bleached,  retanned  with  sumac,  and  scoured.  It  is  then 
stuffed  in  the  hot  mill  with  a  mixture  of  tallow  and  cod  oil,  and,  after 
being  chilled,  is  set  out  by  h^nd  or  on  the  machine. 

From  the  settii^-out  machine  the  hides  are  placed  on  frames,  where 
they  are  given  as  much  of  a  stretch  as  possible  and  allowed  to  dry  in  a 
state  of  tension.  On  removal  from  the  frames  the  hides  are  given  a 
coat  of  wax,  shellac,  gelatine,  blood  albumen,  or  other  finishing  substance 
and,  after  rolling  on  the  jack,  are  ready  for  the  market. 

Id  the  tanning  of  heavy  leather  the  above  treatment  is  sometimes 
varied  by  cutting  the  hides  into  bends  and  beiiies;  or  into  btUta  and 
shoulders.  The  subsequent  treatment  is  somewhat  modified  for  the 
different  portions.  The  tanning  materials  used  for  heavy  leather  vary, 
consisting  either  of  one  or  several  tanning  products.  The  density  of  the 
liquor  employed  may  also  vary  within  rather  wide  limits. 

Vegetable-tanned  Calfskins.  In  preparing  calfskins  for  the  tanning 
process  they  should  be  well  beamed  and  bated  until  they  are  soft  and  open. 
The  washed  skins  are  then  suspended  on  sticks  and  allowed  to  hang  in 
the  tan  liquor  as  described  under  hides.  The  strength  of  the  liquor, 
however,  may  be  somewhat  changed,  although  8°  Bk.  is  very  satisfactory 
at  the  start.  The  strength  ia  increased  uniformly  for  six  days  when  the 
stock  should  be  completely  struck  through  or  tanned.  The  skins  are 
then  removed  from  the  suspenders,  washed,  and  horsed  up  to  drain. 
When  in  the  proper  sammied  condition  they  are  shaved  and  retanned  in 
sumac,  to  which  a  small  amount  of  sulphuric  acid,  oxalic  acid,  formic 
acid,  or  formaldehyde  is  added.  The  retaiming  may  be  carried  out  in  a 
drum,  but  the  paddle  is  preferable.  When  the  retanning  is  complete 
the  skins  are  again  washed,  treated  with  about  3  per  cent  of  soluble  oil, 
set  out,  and  hung  up  to  dry. 

Vegetable-tanned  Sheepskins.    Sheepskins  come  to  the  tanner  in 
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the  pickled  condition,  containing  Eulphuric  acid  and  salt.  Tbey  are 
usually  washed  free  from  the  pickle  with  a  strong  salt  solution  before  they 
enter  the  tan  liquor.  These  skins  may  be  tanned  in  pits  as  described 
for  calfskins,  except  that  it  is  necessary  to  have  a  certain  amount  of  salt 
in  the  solution.    The  tanning  may  also  be  carried  out  in  the  paddle. 

A  very  rapid  method  for  tanning  sheepskins  and  skivers  (split  sheep- 
skine)  consists  in  running  the  stock,  without  removing  the  pickle,  in  a 
drum  with  25  per  cent  of  solid  quebracho  extract,  or  its  equivalent  of 
other  tanning  material,  and  10  per  cent  of  salt.  The  time  necessary 
is  about  one  and  one-half  hours.  When  the  skins  are  taimed  they  are 
thoroughly  washed  and  hung  up  to  dry.  As  sheepskins  contain  a 
targe  amount  of  fat  they  should  be  degreased  before  the  coloring  and 
finishing  operations.  This  is  accomplished  by  dipping  in  naphtha.  If  it 
is  not  convenient  to  use  the  naphtha  treatment,  they  may  be  run  in  a 
drum  with  )  per  cent  of  soda  ash,  washed,  the  alkali  neutralized  with 
sulphuric  or  formic  acid,  and  the  skins  again  washed.  When  dry  the 
akina  are  buffed  on  the  emery  wheel,  retanned,  and  colored. 

Vegetable-turned  Goatskins.  At  the  present  time  practically  all  goat^ 
skins  are  taimed  by  the  two>bath  chrome  process.  For  certain  kinds 
of  fancy  morocco  leather,  however,  sumac  or  other  vegetable  tanning 
materials  are  employed.  The  bating  of  goatskins  is  more  difficult  than 
that  of  other  pelts,  and  a  more  active  substance  has  to  be  employed. 

Chrome  Tannage.  The  action  of  chromium  salts  upon  hide  substance 
was  first  studied  by  Knapp  in  1858,  but  his  investigations  led  him  to 
conclude  that  their  application  was  of  no  practical  value.  Although  other 
investigators  took  up  the  matter,  it  was  not  until  1884  that  any  really 
important  advance  was  made.  At  this  time  Augustus  Schilts  patented 
his  "  two-bath  procefs,"  while  the  skins  or  hides  are  treated  with  a 
solution  of  chromic  acid,  produced  by  the  action  of  hydrochloric  acid 
upon  sodium  or  potassium  dichromate,  and  afterward  with  a  solution 
of  sodium  thiosulphate  and  hydrochloric  acid.  The  hide  substance  takes 
up  the  chromic  acid,  which  is  subsequently  converted  to  the  basic  condi- 
tion by  means  of  the  "  hjrpo."  In  1893  Martin  Dennis  made  a  study 
of  the  action  of  chromium  salts  as  previously  investigated  by  Knapp,  and 
perfected  a  method  for  "  one-bath  tannage,"  on  which  he  was  granted 
numerous  patents. 

Two-bath  Chrome  Process.  While  the  details  involved  in  the  applicar 
tion  of  this  process  vary,  nevertheless  chrome  tanning  is  uniformly  carried 
out  either  in  a  paddle  or  drum.  Different  kinds  of  leather  require  differ- 
ent percentages  of  the  chemicals.  In  the  drum  tannage  6  per  cent  sodium 
or  potassium  dichromate  and  3  per  cent  of  hydrochloric  acid,  regulated  on 
the  weight  of  the  wet  skins,  are  dissolved  in  sufficient  water  for  the  proper 
handling  of  the  stock.  The  skins  or  hides  are  placed  in  the  drum  and  the 
chrome  solution  added,  the  drum  being  kept  in  motion.  The  hides  or 
skins  are  worked  in  the  solution  until  they  have  taken  on  a  uniform  yellow 
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coIfH-  completely  struck  through;  They  are  now  removed  from  the  drum 
and  freed  from  the  superfluous  liquor  either  by  horsing  up  overnight 
or  by  putting  out;  the  latter  operation  may  be  done  by  hand  or  on  the 
machine.  After  standing  for  twenty-four  hours  the  chromed  stock  is 
returned  to  the  drum  and  run  for  about  one  and  one-half  hours  with  a 
solution  of  12  per  cent  of  sodium  thiosuIpha,te  and  6  per  cent  of  hydro- 
chloric acid.  On  removal  from  the  drum  the  etock  should  have  a  blue- 
green  color  and  be  uniform  throughout.  If  thoroughly  tanned,  no  curling 
will  take  place  when  a  strip  ia  placed  in  boiling  water.  The  stock  is 
horsed  up  for  twenty-four  hours  to  allow  the  chrome  to  set,  is  neutraJized 
by  running  for  half  an  hour  in  a  §  per  cent  sodium  bicarbonate  solution, 
washed  to  running  water  for  half  an  hour,  horsed  up,  and  allowed  to  drain. 
The  reactions  taking  place  in  this  process  are  represented  in  the  fol- 
lowing equation : 

Na2Cr207-|-2HCl  =  2NaCH-2Cr03-|-H20. 

The  CrOa  produced  forms  a  compound  with  the  gelatine.  The  sodium 
thiosulphate  now  acts  as  a  reducing  agent  upon  the  chromic  oxide,  con* 
verting  it  from  the  acid  to  the  basic  condition,  the  reaction  taking  place  in 
two  stages: 

1.  2CrOa+6HCH-3Na2S203=3Na2SO4-|-3S-t-Cr2Cl6+3H20. 

2.  Cr2Cle-|-Na2SaOa+H26  =  Cr2(OH)aCU+S02+S-|-2NaCI. 

The  basic  chloride  of  chromium  held  by  the  fiber  is  probably  converted 
to  Cr2(OH)6  by  the  action  of  the  sodium  bicarbonate  used  in  washing. 

One-bath  Chrome  Process.  In  this  process  the  skins  or  hides,  after 
coming  froic  the  puer,  are  washed  with  running  water  and  run  in  a  pickle 
for  about  one  hour.  The  pickle  is  made  by  dissolving  8  pounds  of  salt  and 
2  pounds  of  sulphate  of  aluminium  in  a  small  amount  of  water,  adding 
1  pound  of  sulphuric  acid,  and  making  up  to  a  density  of  40  Bk.  The 
object  of  this  treatment  is  to  neutralize  any  remaining  alkalinity  of  the 
puer  or  lime,  and  to  ensure  the  stock's  being  in  an  acid  condition  before 
it  entera  the  tan. 

Many  methods  for  preparing  a  one-bath  chrome  liquor  are  in  vogue. 
A  very  good  liquor  may  be  made  by  dissolving  10  pounds  of  sodium  di- 
chromate  in  10  gallons  of  water,  adding  6  pounds  of  syrup  glucose  (40  B6.), 
and  then  very  slowly  introducing  10  pounds  of  concentrated  sulphuric 
acid.  A  wooden  vessel  may  be  used  for  making  up  this  liquor,  A  less 
violent  action,  however,  is  produced  by  adding  the  glucose  last,  but  in 
this  case  stoneware  or  other  acid-resisting  vessels  must  be  employed.  A 
liquor,  when  prepared  as  above  and  diluted  to  45  B^.,  wiU  pve  a  product 
of  such  strength  that  15  pounds  will  be  required  for  each  100  pounds  of 
pickled  skins  treated. 

In  using  this  method  the  necessary  amount  of  reduced  liquor  (15  per 
oent  of  above  hquor,  equivalent  to  4  per  cent  of  dichrome)  is  dissolved 
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in  a  sufficient  quantity  of  water  for  proper  handling  of  the  stock,  and  5 
per  cent  of  sodium  suiphfrte  added  to  the  solution.  The  pickled  skins  are 
placed  in  the  drum,  the  door  closed,  and  one-third  of  the  solution  intro- 
duced while  the  drum  is  in  motion.  At  the  end  of  fifteen  minutes  another 
third  is  added,  and  in  thirty  minutes  the  remainder.  One-half  hour  after 
the  last  portion  has  been  put  in,  J  per  cent  of  sodium  bicarbonate  in  solu- 
tion is  introdu<^,  and  the  stock  run  for  fifteen  minutes  longer.  The  hides 
or  skins  are  then  removed  from  the  dnun,  horsed  up  overnight,  neutralized 
with  i  per  cent  of  aodium  bicarbonate,  thoroughly  washed,  horsed  up 
'  again,  fuid  allowed  to  drain. 

Chrome  tannage  by  either  of  the.  processes  ^ven  above  may  also  be 
carried  out  in  the  paddle,  but  in  this  case  the  time  of  treatment  is  some- 
what longer.  The  advantage  of  the  paddle  tannage  is  that  a  smoother 
grain  is  obtained  with  less  danger  of  "  pipey  "  leather. 

Alom  Tannage.  This  process  is  employed  especially  for  white  kid, 
glove,  and  l^htrcolored  leather.  There  are  many  ways  of  applying  the 
alum,  and  the  following  description  simply  serves  to  illustrate  the  method. 
The  skins  are  lined,  bated,  and  pickled  in  the  usual  manner.  The  solution 
necessary  for  100  pounds  is  made  by  dissolving  10  pounds  of  sulphate  of 
aluminium  and  3  pounds  of  salt  in  10  gallons  of  water;  a  solution  of  I^ 
pounds  of.  soda  ash  is  then  dissolved  in  2  gallons  of  water  and  added  to  the 
aluminium  sulphate  very  slowly,  with  constant  stirring;  30  pounds  of 
flour  is  now  triturated  with  some  of  the  solution,  added  to  the  origmal 
solution,  and  finely  8  pounds  of  egg  yolk  introduced.  The  skins  are 
drummed  in  this  mixture  for  one  hour  and  hung  up  to  dry.  After  laying 
in.  the  crust  (dry  condition)  for  several  weeks,  they  are  softened  and  again 
drummed  with  the  above  mixture. 

OU  Tann^e.  The  oldest  tanning  method  of  which  we  have  any 
record  was  that  in  which  the  oil,  fat,  and  brains  of  animals  were  used  to 
preserve  the  pelts  in  a  soft  and  non-putrescible  condition.  The  present 
method  consists  in  kneading  the  goods  in  contact  with  certain  oils  and  soft 
fata.  As  the  fibers  slowly  dry,  the  fats  are  worked  in  between  them  by 
■  means  of  the  mechanical  treatment  which  the  goods  undergo  in  the 
stocks.  Each  fiber  is,  therefore,  separated  from  its  neighbor  in  a  non- 
adherent condition  and  at  the  same  time  is  surrounded  by  a  waterproofing 
material.  Not  only  are  the  fibers  surrounded  by  the  oil,  a  vigorous  oxida- 
tion also  occurs,  resulting  in  the  formation  of  aldehydes  and  other  insoluble 
oxidation  products.  The  aldehydes,  by  virtue  of  their  chemical  activity, 
unite  with  the  hide  fiber,  while  the  insoluble  products  coat  the  fibers  me- 
chanically. Oil  tannage  is  used  in  the  manufacture  of  chamois,  buff, 
and  buck  leathers. 

The  flesh  splits  from  sheepskins  are  used  in  the  manufacture  of  chamois 
leather.  The  skins  are  given  a  thorough  liming  (from  twelve  to  fifteen 
days),  drenched,  and  the  superfluous  liquor  removed  by  subjecting  to 
hydraulic  pressure.    They  are  now  drummed  for  half  an  hour  to  equalize 
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the  moisture,  then  traDsferred  to  the  stocks,  one  at  a  time,  where  cod  oil  is 
sprinkled  over  each  skin.  In  the  stocks  the  goods  are  worked  for  four 
hours,  removed  to  the  drying  loft,  and  dried  without  heat  until  they  assume 
an  opaque  condition.  They  arc  now  resprinkled  and  restocked  for  another 
four  hours,  this  time  being  dried  to  a  brown  color  at  100"  F.  The  stocking 
and  drying  are  repeated  several  times  with  an  increase  in  the  temperatiu% 
of  the  heater  up  to  about  160"  F.  On  coming  from  the  final  drying  the 
skins  are  packed  in  a  box,  covered  with  matting,  and  ^mntaneous  heating 
allowed  to  continue. 

When  the  oxidation  of  the  leather  is  complete  it  is  dipped  in  water' 
at  110°  F.  for  a  short  time  and  then  subjected  to  hydraulic  pressure. 
The  heavy  grease,  expressed  by  this  treatment,  is  collected  and  sold  for 
leather  dressing  under  the  name  of  degras.  The  skins  are  washed  with  a 
warm  sodium  carbonat«  solution,  and  the  wash  water  neutralized  with 
sulphuric  acid,  giving  what  is  known  as  sod  oil.  The  skins  are  next 
washed  with  hot  water,  nourished  with  cod  oil  and  soft  soap  for  one  hour, 
squeeze  rolled,  and  allowed  to  dry. 

Aldehyde  Tannage.  The  use  of  formaldehyde  as  a  tanning  material 
has  recently  been  brought  to  the  attention  of  the  tanner  by  the  patents 
of  Payne  and  Pullman,  but  as  yet  has  not  become  extensive.  The  leather 
obtained  by  this  process  resembles  buff  leather.  It  is  very  white,  how- 
ever, and  needs  no  bleaching.  The  future  of  this  method  remains  to  be 
seen. 

Finishing  of  Dressing  Leather.  After  the  leather  is  tanned  by  any 
of  the  methods  given  above  it  must  be  finished  in  such  a  manner  as  to 
meet  the  requirements  of  the  various  purposes  for  which  it  is  to  be  used. 
Only  a  few  of  the  most  important  operations  in  the  Snishii^  of  leather 
wUl  be  given. 

Vegetable  Tanned  Stock.  On  removal  from  the  drying  ixwm  the  skins 
are  dipped  in  water  at  a  temperature  of  110°  F.  and  placed  in  piles,  or 
horsed  up  for  some  hours  until  evenly  wet  through  or  sammied.  The 
goods  may  also  be  sammied  by  dipping  in  warm  water  axid  then  covering 
with  damp  sawdust. 

To  bring  the  leather  to  uniform  thickness,  it  is  shaved  while  damp 
either  by  hand  or  by  the  shaving  machine.  The  type  of  machine  is  shown 
in  Fig.  371.  It  is  fitted  with  a  spiral  knife-blade  of  steel,  half  of  which  is 
rig^t^handed  and  half  left-handed.  The  leather  is  placed  over  a  roller 
that  may  be  pressed  against  the  cutting  end  by  pressing  on  a  foot  treadle. 
The  knife-blades  revolve  at  a  very  high  rate  of  speed  and  are  constantly 
sharpened  by  means  of  an  emery  wheel. 

The  operation  of  splitting  has  replaced  shaving  to  quite  an  extent, 
especially  for  side  leather,  which  is  now  almost  uniformly  split  out  of  the 
limes.  In  this  process  the  leather  is  sliced  parallel  to  the  grain  siu^ace, 
so  that  the  split  portions  have  the  same  area  as  the  ori^nal  leather. 
Among  the  numerous  types  of  splitting  machines  the  "  band-knife " 


type  is  the  most  popular.  The  machine  (Fig.  372)  oonsiats  of  an  endlesa 
double-beveled  knife  which  passes  around  two  pulley  wheels,  one  of  which 
is  attached  to  power.     The  aammied  leather  is  pushed  toward  the  knife, 
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grain  upward,  by  two  feed  rollers,  the  grain  split  passing  over  the  knife 
and  the  flesh  split  under  it.  The  thickness  of  the  split  can  be  varied 
from  iV  inch  up  to  the  thickness  of  the  hide.  In  some  cases,  therefore 
it  is  possible  to  obtain  as  many  as  five  good  splits  from  one  hide. 


FiQ.  372. 

Colors  on  Vegetable-tanned  Leather.  The  well  scoured  and  cleaned 
goods  are  run  for  about  fifteen  minutes  in  a  solution  of  ^  ounce  formic 
acid  to  each  gallon  of  water.  The  excess  of  acid  being  removed,  J  per 
cent  of  tartar  emetic  in  solution  is  introduced,  and  the  drum  raa  for  fifteen 
minutes.  The  excess  of  tartar  emetic  is  removed.  From  J  to  2  per  cent  of 
basic  color  is  now  added  (also  a  small  amount  of  formic  acid,  should  the 
water  be  hard)  and  the  stock  run  for  fifteen  minutos.     The  plugs  are  next 
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drawn  and  the  skins  or  hides  given  a  thorough  washing.  To  render  the 
stock  pliable,  it  is  fat-liquored  with  either  soap  and  oil  or  with  soluble  oO, 
horsed  up  for  several  hours,  set  out,  and  tacked  up  to  dry. 

Black  on  Vegetable-tanned  Leather.  To  produce  this  color  an  am- 
moniacal  solution  of  hematin  is  prepared,  brushed  evenly  over  the  surface, 
and  followed  by  a  striker  of  black  iron  and  copper  sulphate.  Nigrosine 
and  other  coal-tar  blacks  are  also  used  for  the  sune  purpose. 

The  skins  or  hides  coming  from  the  boards  are  in  a  very  hard  condition 
and  must  be  softened  before  they  can  be  finished.  This  is  done  on 
the  staking  machine.  This  machine  works  the  leather  up  by  a  sort  of  a 
kneading  motion  and  at  the  same  time  exerts  upon  it  more  or  less  of  a 
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stretching  action.  After  staking,  the  goods  are  spread  on  the  table 
and  coated  with  a  mixture  of  flaxseed  mucilage  and  milk,  hung  up  to  dry, 
and  again  staked. 

The  skins  or  hides  after  restaking  and  seasoning  are  rolled  on  the 
rolling  jack.  On  this  machine  a  steel  roller  passes  over  a  bed  in  such  a 
manner  that  a  very  great  pressure  is  secured,  the  object  being  to  work 
out  the  wrinkles  and  give  a  better  appearance  to  the  finished  product. 
The  stock  after  rolling  is  sometimes  given  a  thin  coat  of  oil  and  is  ready 
for  the  market. 

To  give  leather  a  h^  finish  it  is  coated  with  e^  albumen,  blood 
albumen,  or  shellac,  and  then  finished  on  the  glazing  jack.  This  machine 
is  similar  to  the  rolling  jack,  except  that  a  glass  cylinder  is  used  in 
place  of  the  steel  roller,  the  glass  sliding  over  the  surface  of  the  leather 
instead  of  rolling  (Kg.  373). 

D,uMz.;l;,V.OOglC 


LEATHER  1111 

Colors  on  Chrome-taimed  Leather.  The  shaved  stock  is  retanned  in 
gambia  or  fiumac,  scoured,  and  then  dyed  as  under  the, method  for  vege- 
table tannage.  Recently,  however,  other  methods  have  come  into  use, 
whereby  the  process  of  retanning  is  eliminated.  It  has  been  found  that 
some  of  the  ^izahne  colors  give  very  satisfactory  results  when  applied 
in  the  proper  nLanner.  Direct  colors  are  also  being  used  with  some  suc- 
cess, and  especially  a  combination  of  acid  colors  with  the  basic  colors. 
The  finishing  of  this  leather  ia  then  carried  out  as  under  vegetable-tanned 
stock. 

Black  <m  Chrome  Leather.  The  stock,  after  being  shaved,  is  placed 
in  the  drum  and  enoi^  water  at  140"  F.  added  to  float  it.  While  the 
drum  is  in  motion  1  per  cent  of  hematin  crystals,  dissolved  in  water  at 
140°  F.  made  alkaline  with  ammonia,  is  introduced  through  the  trunnion 
and  run  for  fifteen  minutes.  Without  removing  the  hematin  a  solution 
of  1^  per  cent  of  chrome  leather  black  is  also  added  through  the  trunnion 
and  turned  for  fifteen  minutes  longer.  A  sulphonate  oil  fat  Uquor  is 
finally  introduced  and  the  stock  milled  for  another  half  hour.  The 
skins  may  then  be  set  out,  oiled  off,  and  himg  up  to  dry.  On  drying  they 
are  sammied  in  damp  sawdust,  staked,  tacked,  and  finished  as  desired. 

Patent  Leather.  This  kind  of  leather  ia  made  by  varnishing  ordinary 
leather.  The  usual  method  is  to  first  degrease  the  tanned  stock.  It 
is  then  given  a  daub  coat  of  boiled  linseed  oil  and  lampblack,  thinned  to 
the  proper  consistency  with  naphtha.  The  excess  of  the  coating  is 
removed  with  the  slicker  and  a  mixture  of  linseed  oil  ajid  pyroxlene 
applied.  The  hides  are  then  baked  and  sunned,  and  rubbed  down  with 
pumice  stone.  They  are  given  another  coat  of  the  linseed  oO  varnish 
with  or  without  pyroxylene,  baked,  sunned,  and  rubbed.  Coloring  mat- 
ter is  usually  added  to  the  vamishj  and  sometimes  several  coats  are 
apphed. 

Vegetable  Tanning  Materials.  In  those  days  when  our  tanners  had 
the  vii^n  forest  to  depend  upon,  hemlock  and  oak  bark  were  the  only 
vegetable  tanning  materials  in  use  in  this  country,  and  they  yet  remain 
the  source  of  greatest  supply  for  tannin. 

Hemlock  Bark.  The  yearly  cut  of  hemlock  bark  is  between  800,000 
and  900,000  tons,  and  of  oak  bark  from  300,000  to  400,000  tons.  The 
yield  of  hemlock  has  decreased  about  one-third  in  the  last  ten  years, 
whereas  the  yield  of  oak  bark  has  remained  nearly  stationary. 

Because  of  increased  production  of  leather  during  this  period  and 
because  of  the  decrease  in  the  peel  of  hemlock  bark,  it  has  become  neces- 
sary to  seek  other  sources  of  tannin. 

CkestntU  Extract.  The  first  development  to  meet  these  conditions 
was  the  making  of  chestnut-wood  extract,  which  has  now  reached  a  very 
important  stage,  from  450,000  to  500,000  barrels  being  produced  yearly. 
In  addition,  chestnut  wood  is  being  used  at  many  Southern  tanneries 
directly  in  the  leaches.    Tanners  have  found  the  Uquors  obtained  by 
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this  method  insufficient  in  stren^h  for  their  purposes,  so  some  of  them 
have  added  to  their  leach  houses  evaporating  plants  that  concentrate 
their  hquors  to  a  sufficient  strength  for  their  use, 

A  barrel  of  chestnut  extract  is  practically  equal  to  a  ton  or  a  cord  of 
either  oak  or  hemlock  bark,  and  although  the  yield  from  various  extract 
factories  differs,  generally  a  cord  of  wood  (128  cubic  feet)  yields  a  barrel 
of  25  per  cent  tannin  chestnut  extract. 

Quebracho  Extract.  Quebracho  extract  is  made  from  quebracho 
wood,  a  product  of  the  Rio  de  la  Plata  Valley  in  South  America.  This 
wood  contains  from  18  to  24  per  cent  tannin.  The  solid  quebracho 
extract  contains  about  65  per  cent  tannin  and  is  sold  on  this  basis.  The 
yield  of  extract  is  generally  1  ton  of  solid  extract  from  about  3J  tons  of 
the  wood.  One  ton  of  the  solid  extract  is  considered  equivalent  to  d 
tons  of  oak  or  hemlock  bark.  There  is  now  being  imported  about  60,000 
tons  of  this  solid  extract  or  its  equivalent  in  wood.  As  there  axe  two 
factories  manufacturing  liquid  quebracho  in  this  country,  the  equiva- 
lency of  this  quantity  of  quebracho  is  540,000  tons  of  oak  or  hemlock 
bark. 

The  tariff  on  this  product  was  formerly  }  cent  per  pound,  but  it  has 
been  raised  to  |  cent  per  pound  in  the  present  tariff  bill. 

Mangrove  Bark.  Mangrove  bark  and  mangrove  extract  are  also 
imported  in  quantity.  Mangrove  grows  on  the  low  shores  of  salt  waters 
everywhere  in  the  tropics.  Along  the  Gulf  of  Mexico,  mangrove  averages, 
when  properly  cured,  about  30  per  cent  tannin;  that  from  the  East  Coast 
of  Africa  about  40  per  cent  tannin.  E^t  Indian  and  Borneo  mai^iTOve 
bark  contains  30  to  40  per  cent.  This  product  enters  free  of  duty,  so 
that  no  accurate  data  are  obtainable  as  to  the  quantity  imported,  but  this, 
no  doubt,  is  more  than  20,000  tons  annually,  equivalent  to  more  than 
60,000  tons  of  oak  or  hemlock  bark. 

In  the  East  Indies  are  two  factories  making  solid  extract  from  this 
bark,  which  comes  upon  our  market  as  mangrove  cutch;  the  quantity 
being  broilght  in  is  not  la^te  now,  on  account  of  the  duty  of  J  cent  per 
pound,  which  the  present  tariff  has  placed  on  this  product.  If  formerly 
came  in  free. 

Myrabalana.  Myrabolans  are  the  fruit  of  an  Indiui  tree,  the  harvest 
ranging  from  30,000  to  45,000  tons  per  year.  The  United  States  is  tak- 
ing from  one-third  to  one-half  the  production.  Myrabolans  contain 
about  30  per  cent  tannic.  What  is  now  being  used  in  the  tanning  trade 
in  this  country  will  represent  at  least  45,000  tons  of  oak  or  hemlock  bark. 
It  b  in  the  duty-free  list, 

VaUmia.  Valonia,  tlie  cup  of  an  acorn,  obtained  in  Asia  Minor  and 
Greece,  is  being  imported  in  quantity.  It  contains  about  40  per  cent  tan- 
nin. The  harvest  is  from  50,000  to  60,000  tons  per  year.  What  is  being 
brought  into  this  country  is  equivalent  to  about  40,000  tons  of  bark 
annually.    It  is  not  subject  to  duty, 
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Divi-Divi,  Divi-divi  and  wattle  bark  are  other  tanning  materiale, 
but  they  do  not  come  into  this  country  in  any  quantity. 

PalmeUo  Extract.  Palmetto  extract  and  canaigre  are  not  produced 
in  sufficient  quantities  to  be  commercially  considered.  Sumac  and  gam- 
bier  are  imported  in  large  quantities,  but  do  not  reach  the  same  trade 
that  uses  our  native  barks  and  cannot  be  compared  with  them. 

From  the  estimates  ^ven  of  what  the  various  tanning  materials  in 
use  here  are  equivalent  to  in  bark,  it  is  seen  that  in  total  2,300,000  tons 
are  represented,  about  one-third  being  imported  materials.  At  a  fair 
valuation,  these  materials  cost  the  tanner  about  $23,000,000,  the  importa- 
tions being  about  47,000,000  per  year. 

Chemistry  ot  Tannin.  From  a  chemical  point  of  view,  tannine  are 
divided  into  pyrogallol  tannins,  such  as  from  chestnut  wood,  myrabol&ns 
and  valonia;  and  catechol  tannins,  such  as  from  quebracho,  hemlock, 
mangrove,  and  oak  bark.  But  from  the  tanner's  viewpoint,  the  color  and 
characteristics  of  the  leather  made  from  these  various  materiab  is  of  more 
importance. 

Arranging  these  materials  as  to  their  color,  that  is,  from  a  light  yellow 
to  a  dark  red,  we  have  sumac,  myrabolans,  valonia,  bleached  quebracho, 
oak  bark,  natural  quebracho,  chestnat,  West  Indian  mangrove,  hemlock, 
and  East  African  mangrove. 

A  tanner  using  oak  can  duphcate  the  oak  color  by  matching  with  a 
combination  of  chestnut  and  quebracho.  There  are  many  combinations 
that  can  be  arranged  from  these  materials  to  duplicate  the  oak,  hemlock, 
or  union  colors  so  loi^  established  as  standards  in  the  sole-leather  trade. 
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CHAPTER  XLVIH 

GLUE  AND  GELATINE 

JEROME   ALEXANDER 

Treatwrer  and  ChUf  Chemitt,  Nalional  Glue  and  Qelaline  Wori»,  attd  UaKmud  Own  and 
Mica  Co.,  Nev>  York  CUy 

Glue.  Glue  is  an  organic  subst&nce  of  varying  chemical  constitutioii 
obtaioed  upon  drying  the  solution  yielded  by  boiling  with  water  properly 
prepared  animal  matter  such  as  skins,  bones,  etc.  Stout  soups  which 
gelatinize  when  cold  represent  very  impure  glue  solutions.  Va.  commerce 
glue  appears  in  a  great  variety  of  forms,  in  rectangular  sheets  or  cakes 
(sheet  or  cake  glues),  in  wide  or  narrow  strips  (ribbon  and  noodle  glues), 
in  broken  flakes  (flake  or  chip  glues),  and  ground  or  granulated  in  all 
degrees  of  fineness  (ground  and  powdered  glues);  it  is  sometimes  colorless 
and  tran£^)arent,  sometimes  opaque,  and  it  occurs  in  all  shades  of  white, 
yellow  and  brown. 

Gelatine.  Gelatine  is  made  from  cert^n  kinds  of  bones  and  parts  of 
the  skin,  selected,  washed  and  treated  with  especial  care  so  that  the  resulting 
product  is  much  cleaner  and  purer  than  glue.  Being  extracted  at  a  lower 
temperature  or  with  relatively  little  exposure  to  heat,  less  of  the  fluid 
disint^ration  products  of  the  stock  are  formed,  and  the  jellying  power 
is  therefore  greater.  Broadly  speaking  then,  glue  is  impure  gelatine. 
In  fact  some  very  light  colored  high  test  glues  so  closely  resemble  gelatine, 
that  an  investigation  of  the  conditions  of  manufacture  or  the  presence 
of  certain  chemicals,  is  the  only  practical  way  to  differentiate  between 
them. 

The  derivations  of  the  terms  glue  (from  the  unused  Latin  verb  gluere, 
to  draw  tt^ether)  and  gelatine  (from  the  Latin  gelwe,  to  congeal,  a  word 
allied  to  the  English  chill,  gelid,  jelly),  at  once  call  to  mind  the  principal 
properties  of  these  substances,  for  glue  is  chiefly  used  as  an  adhesive, 
whereas  gelatine  is  valued  mainly  according  to  it«  stiffening  or  jellying 
properties.  Both  are  typical  colloids,  Graham  having  in  fact  formed  this 
term  from  the  Greek  iaiXXa= glue;  and  they  consequently  exhibit  the 
characteristic  properties  of  this  interesting  class  of  substances,  which, 
in  marked  contrast  to  crystalloids,  do  not  crystallize,  do  not  readily 
diffuse,  and  are  impermeable  to  each  other. 
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C<dl(^dal  Condition.  Instead  of  referrii^  to  colloids  as  a  "  class  of 
substances,"  it  would  perhaps  be  more  correct  to  speak,  as  Graham  does 
(Phil.  Trans.,  1861,  p.  183),  of  the  "  colloidal  condition  of  matter,"  for 
most  substances  may  exist  in  either  the  colloidal  or  the  crystalloidiJ 
state,  depending  upon  the  nature  of  the  solvent  (e.g.,  certain  soaps)  or 
upon  the  conditions  governing  their  formatjon  (e.g.,  gold,  silicic  acid). 
Tlie  ultimate  particles  of  colloids  are  much  smaller  than  what  we  would 
ordinarily  term  a  physical  subdivision,  but  rather  larger  than  chemical 
molecules;  consequently  their  reactions  stand  midway  between  the  physical 
and  the  chemical  changes  of  matter,  as  may  be  seen  by  considering  the 
properties  of  glue. 

Glue  absorbs  a  considerable  quantity  of  cold  water  and  swells  up, 
yielding  a  jelly  which,  upon  the  application  of  beat,  melts  to  a  viscous 
sticky  solution  that  gelatinizes  agiun  upon  cooling.  When  dried  at  medium 
temperatures,  glue  can  be  agiun  redissolved  and  redried  indefinitely; 
and  it  is  therefore  called  a  reversible  colloid  to  distingubh  it  from  other 
colloids  which,  when  once  dried,  are  insoluble  (i.e.,  silicic  acid).  When 
superdried  at  about  130°  C,  however,  both  glue  and  gelatine  become  insol- 
uble, their  constituent  particles  having  approached  too  close  to  be  agam 
separated  by  simple  soaking.' 

Glue  solutions  will  not  diffuse  through  colloidal  membranes  (i.e.,  parch- 
ment paper  and  bladder),  and  their  jelliA  are  impermeable  to  other 
colloids.  The  solutions  are  coagulated  by  alum,  formaldehyde  and 
tannin,  and  also  by  chromium  salts  upon  exposure  to  light.  But  these 
precipitates  cannot  be  considered  in  a  strict  sense  as  chemical  com- 
pounds, because  their  composition  varies  greatly  with  the  conditions 
of  their  formation.  They  are  nevertheless'  of  great  technical  importance, 
forming  the  basis  of  the  tanning  process,  for  the  glue  yielding  substances 
are  rendered  insoluble  in  like  manner. 

Qiemical  Constitution.  We  know  comparatively  little  of  the  chem- 
ical constitution  of  gelatine  and  still  less  of  the  more  impure  and  further 
hydrolyzed  glue.  The  essential  constituents  of  gelatine  are  carbon, 
hydrogen,  oxygen,  and  nitrogen  (other  elements  such  as  sulphur,  phos- 
phorus, etc.,  being  present  in  absorbed  impurities)  and  its  empirical 
formula  according  to  Schutzenbei^r  and  Bourgeois  is  CreHiaiNziOze; 
but  such  a  formula  does  not  give  any  information  of  value.  On  the 
other  hand  a  study  of  the  cleavage  products  of  gelatine  gives  some 
insight  into  its  extreme  complexity.  Skraup  and  von  Biehler  (Monaiak^te 
far  Chemie,  1909,  Vol.  XXX,  p.  476),  find  that  upon  hydrolyaia  with 
hydrochloric  acid,  gelatine  yields  the  following  substances  alt  of  which, 
from  the  previous  work  of  Fischer,  Levene  and  others,  have  been  shown 
to  be  contained  in  it. 

'  F.  Bofmeiater  conaideis  this  as  a  regeneration  of  collagen,  which  he  legarde  at 
the  anhydrid  of  gelatine  {Chem.  CerUralbi.,  1879,  p.  71). 
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The  "  precipitAted  bone  phosphate  "  a«  it  is  called,  is  largely  used  in  the 
manufacture  of  "  bone  china  ";  and  the  "  acid  phosphate  "  is  used  in 
baking  powders.  In  order  to  avoid  an  excess  of  lime,  which  would  repro- 
duce tricalcium  phosphate,  a  filtered  sample  of  the  liquor  is  from  time  to 
time  tested  with  molybdic  acid  solution,  and  the  addition  of  lime  stopped 
as  soon  as  the  failure  of  the  ammonium  phosphomolybdate  precipitate 
to  form,  indicates  that  no  more  free  phosphoric  acid  or  acid  phosphate 
is  in  solution.  If  an  excess  of  lime  be  accidentally  added,  the  error  can  be 
retrieved  by  the  addition  of  a  suitable  quantity  of  the  acid  liquor.  The 
precipitate  ia  pumped  or  forced  by  compressed  air  into  a  filter  press  and 
washed  free  from  calcium  chloride. 

The  soft  collagen  after  washing  out  the  residual  acid  (using  lime  water 
to  njutralize  if  necessary)  may  be  made  directly  into  glue,  but  it  usually 
is  dried  at  a  low  temperature,  yielding  commercial  ossein. 

Derdellea.  The  ossein  made  from  button  makers'  refuse  is  commer- 
cially known  as  "  dentelles  ";  it  is  frequently  called  "  spectacles  "  because 
of  the  fancied  resemblance  to  eye  glasses,  of  pieces  from  which  the  round 
buttons  have  been  cut. 

Prepared  Horn  Pith.  This  is  an  ossein  stock  made  from  the  comillons 
or  interior  supporting  bony  core  of  the  horns.  As  it  ia  the  only  part  of 
the  osseous  structure  that  does  not  come  in  contact  with  flesh,  horn  pith 
yields  a  singularly  pure  and  high-class  gelatine,  and  its  porous  structure 
renders  easy  its  treatment  and  subsequent  extraction. 

Fish  Stock.  The  heads,  bones  and  sidns  of  fish  yield  Uquid  glues 
which  are  not  considered  here.  The  awim-bladders  of  certain  species  of 
fish  constitute  what  is  known  as  isinglass. 

Manufacture.    The  manufActurjng  operations  at  the  glue  factory  are; 

1.  Preparing  the  stock; 

2.  Boiling  the  stock; 

3.  Treating  and  (4)  dryii^  the  resulting  glue  solution. 

Preparation.  While  the  laat  two  of  these  claases  of  operations 
are  substantially  the  same  for  all  stock,  there  are  several  methods 
of  preparation,  as  might  be  expected  from  the  great  variety  of  raw 
materials. 

Washing  and  Liming,  Hide,  sinew  and  ossein  stocks  after  a  brief 
preliminary  soaking  or  washing  in  pure  water  to  soften  them  and  remove 
dirt,  salt,  etc.,  are  placed  in  successive  baths  of  lime  water  of  gradually 
increasing  strength,  in  which  the  stock  swells  up  and  becomes  soft  or 
"  plump  "  so  that  it  readily  dissolves  in  the  boiling  kettle.  The  time 
required  for  liming  varies  with  the  stock  and  the  season,  always  proceeding 
more  rapidly  nn  warm  weather.'     Thick  dry  hide  pieces  may  take  as  long 

'  Hide  piecee  are  often  shredded  or  cut  small  to  expedite  the  liming  procesB,  and 
the  limes  are  sometimea  "  sharpeaed  "  with  soda. 
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worn-out  Turkish  rawhide  moccarans,  and  many  other  kinds  of  rawhide 
and  parchment  waste.  Tanned  akin  yields  no  glue,  although  patents 
have  been  taken  out  for  extracting  the  tanning  materials  and  making 
glue  from  the  skin  thus  made  soluble. 

"  Dry  stock "  may  have  been  either  uncured  or  salted  or  limed 
before  drying;  "  green  "  or  wet  stock  may  be  "  green  salted  "  or  "  green 
limed." 

Sinews.  These  come  into  the  market  fresh  or  green  salted  from  the 
slaughter  houses;  they  are  also  imported  in  dried  state  from  South 
America,  in  which  case  they  are  frequently  mixed  with  dried  bulls'  pizzles. 

Bone.  Quite  a  number  of  kinds  of  commercial  glue  etocks  are  pro- 
duced from  osseous  tissue.     The  chief  of  these  are  enumerated  below. 

Green  or  Packer  Bone.  This  consista  of  fresh  sweet  bone  containing 
the  marrow  or  bone  fat  and  frequently  adhering  tendons.  Such  stock 
usually  undergoes  an  immediate  preliminary  steaming  at  its  place  of  pro- 
duction, by  which  the  fat  is  separated  and  the  keeping  qualities  of  the 
bone  so  improved  that  it  will  stand  transportation  and  storage.  At  the 
packing  houses  large  quantities  of  fresh  bone  are  produced  in  the  canning 
departments.  The  long  shin  bones  are  sold  to  manufacturers  of  buttons, 
knife  handles,  etc.  (whose  refuse  is  later  used),  while  heads,  ribs,  feet, 
etc.,  go  direct  to  the  glue  factory.  The  hoofs  and  horns  are  usually  first 
removed,  for  contrary  to  popular  notion,  they  yield  no  glue  at  all.  From 
cattle  feet  neatsfoot  oil  is  rendered  at  a  low  temperature. 

Country  bone,  which  is  chiefly  butchers'  offal  and  junk  bone  consistii^  of 
old  dry  bone  from  any  source,  are  used  mostly  for  the  production  of  low 
grade  glues. 

Ossein,  This  is  also  called  acidulated  bone.  It  is  prepared  by  leach- 
ing crushed  bone  in  dilute  (about  8  per  cent)  HCl,  whereby  the  mineral 
constituents  are  dissolved,  leaving  a  soft  cartilaginous  substance  (collagen) 
which  preserves  the  original  shape  of  the  fragment  of  bone.  Before  this 
process  the  bones  are  usually  degreased  in  a  closed  steel  tank  with  a 
volatile  solvent  (benzine  or  carbon  tetrachloride)  which  is  afterward  dis- 
tilled off  from  the  grease  and  recovered.  In  the  acidulation  the  main 
reactions  are: 

Ca3(POi)z+4HCl  =  2CaCla+CaH4(P04)2  (acid  phosphate), 

Ca3(P04)2+6HCl  =  3CaCl2+2H3P04, 

Ca3(P04)2+4H3P04  =  3CaH4(P04)2. 
From  the  acid  solution  the  phosphoric  acid  is  precipitated  by  the  careful 
addition  of  milk  of  lime: 

CaH*  (P04)2+CaO  =  Ca2H2(P04)2 +H2O, 
2H3(P04)2+2CaO  =  Ca2H2(P04)2-|-H20.i 

'  Id  both  the  solution  and  precipJlatioD  of  the  boDe  |>bo^batc  olfacr  secondsry 
reactioDB  go  on  at  the  some  tinoe. 
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Glycine : .  .o-amino-acetic  acid GH,(NHt)'COOH 

Lysine H-<-diamino-«iproic  acid CH,-NHi(CH,),CH(NH,)-COOH 

Alanine a-amino-propioaic  acid CHt-CH(NH,)'COOH 

FhenylalaniDe .  .^'henyi-a-amino-propioDicacid..  .C,H,-CHiCH(NHi)COOH 

Leucine a-aminono-iso-caproic  acid CH,(CHi).CH{NH.)-COOH 

Aspartic  acid. .  .amino-Buccinic  acid CO0HCH,CH(NH,)COOH 

Glutamic  acid,  .a-amino-glutaric acid C00H-CHi-CH(CH(NH,)-CO0H 

Bistidine ^-imino-azolo-o-amino-propionicacid    N — C-CHi'CU(NHi)-COOH 


NH 

ArgimDe o-atnino-  S-guanino-n-'valeric  add. . . 

NH  :C(NH,)-NH(CH,),-CH{NH,)-COOH 
Froiine o-pyrroIidiDe-carboxylic  acid HiC — CHt 

H,C    CCOOH 
\/ 
NH 
Oxyproline. , .  ,^iy-o-pytrolidine-carboiylicacid..HjC — CH'OH 

H,C    CCOOH 

NH 

Some  of  these  substances  may  result  from  the  decomposition  of  more 
complex  constituents;  in  any  event  it  is  not  yet  known  just  bow  they  are 
combined. 

Raw  Materials.  Commercial  glue  stock  may  be  divided  into  four 
classes: 

1.  Skin  or  hide. 

2.  Bone. 

3.  Sinew. 

4.  Fish  stock. 

Hide  Stock.  Most  hide  stock  is  produced  by  tanners,  and  as  leather 
is  more  valuable  than  glue,  only  waste  pieces  of  hide  reach  the  glue-maker. 
The  principal  kinds  of  such  stock  are:  "  pieces,"  or  heavy  trimmings  from 
dried,  salted  or  limed  skins  (yield  18  to  50 per  cent  of  glue);  "fleshings," 
representing  the  scrapings  from  the  flesh  side  (yield  3  to  40  per  cent  of 
glue);  "skiving,"  which  are  parings  from  the  hair  or  grain  side  of  the 
skin  or  hide.  Very  frequently  the  yield  of  grease  from  fleshings  exceeds 
both  in  percentage  and  value  that  of  the  glue  especially  in  the  case  of 
"machine  fleshings,"  which  are  usually  thinner  than  those  taken  off  by 
hand. 

Calf,  cattle,  goat,  sheep,  deer,  pig  and  horse  skins  are'valued  about 
in  the  order  given. 

A  great  variety  of  other  kinds  of  hide  waste  also  finds  its  way  into  the 
glue  pot,  as  for  example:  rabbit  akin  or  coney  stock,  a  refuse  produced  by 
batters  who  pluck  off  the  fur  for  the  manufacture  of  felt  hats;  loom  pickers, 
representing  discarded   fragments  of  rawhide  from  textile  machmery; 
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OS  BIX  months  to  lime,  whereas  fleshings  or  thin  skivings  from  hides  limed 
at  the  tannery  are  frequently  all  ready  to  boil;  coney  stock,  beii^  very 
finely  shredded,  is  usually  boiled  without  liming.  Practical  experience 
is  needed  in  this  process,  for  an  underlimed  stock  requires  more  time  and 
heat  to  dissolve  (thus  injuriously  affecting  the  quality  of  the  glue),  while 
overlimed  stock  is  largely  wasted  in  the  washing  process,  which  we  will 
next  consider. 

The  limed  stock  is  taken  from  the  lime  pits  {usually  wooden  vats  sunk 
in  the  ground)  and  thrown  into  a  washing  machine,  where  it  is  thoroughly 
agitated  in  a  continuous  stream  of  water  until  practically  all  of  the  lime  is 
washed  out,  which  may  be  determined  by  cutting  open  a  piece  of  stock 
and  testing  the  interior  with  litmus  or  phenolphthalein.  The  slight 
remaining  alkaHnity  is  neutralized  by  soaking  in  very  weak  acid.  For 
very  clear  glues  HCl  is  used,  the  resulting  calcium  chloride  being  very 
soluble;  HzSO*  gives  a  precipitate  of  CaS04  which  renders  the  glue  more 
or  less  opaque.  At  this  point  sulphurous  acid  is  often  used  to  bleach  and 
further  plump  the  stock;  alum  is  also  used  to  bleach  the  stock  and  harden 
the  jelly.  After  thorough  draining  the  stock  is  transferred  to  the  boiling 
tank  or  kettle. 

The  "cone  washer"  is  the  one  most  in  vogue  in  this  country;  the 
heavy  wooden  cone  kneads,  presses  and  turns  the  stock,  effectively 
loosening  the  lime  which  is  carried  away  by  a  stream  of  water  enterii^ 
from  a  perforated  standpipe  at  the  center  and  flowing  through  perforated 
iron  plates  at  the  sides  or  bottom  of  the  tub. 

Fresh  Bone  is  sometimes  boiled  without  even  a  preliminary  washing; 
but  if  washed  and  degreased  (so-called  benzine  process)  it'yields  a  much 
clearer  glue.  Bones  may  be  made  into  glue  by  the  "  sulphurous  acid 
process  "  patented  by  Grillo  and  Schroeder,  according  to  which  bones 
are  disintegrated  by  moist  sulphurous  acid  gas  or  liquid  SO2  according  to 
the  equation : 

Ca3(PO4)2+SOa+Hz0=Ca2H2CPO4)2+CaSO3. 

Bones  thus  treated  readily  dissolve  in  the  kettle;  any  acidity  is  neu- 
tralized with  milk  of  lime,  and  the  resulting  "  mud  "  after  the  calcium 
sulphite  is  oxidized  by  exposure  to  the  air  or  by  oxidizing  agents,  forms 
a  valuable  fertiliser. 

The  BoUiTig  Process.  In  the  extraction  (or  cooking)  of  glue  the 
prepared  stock  is  subjected  to  the  solvent  action  of  hot  water  by  which 
the  collagen  undergoes  a  change  into  glue.  Hofmeister  regards  this  process 
as  a  hydrolysis  proceeding  in  two  stages  according  to  the  equations: 

C102H151N131O36; 

GdBtiDe 

Ci02HisiN3iO30  +  2H20  =  C85H85N,7O22+C47H7oNh0i»; 
OBlctiDS  +  Wata  -  Semiflutin         -1-  HemlcoUin 
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but  in  dealing  with  substances  of  such  variable  compodtion,  empirical 
formulEB  of  this  kind  have  no  great  significance.  Indeed  the  whole  boiling 
process  seems  rather  to  be  the  gradual  breaking  down  of  colloid  complexes 
with  accompanying  changes  in  the  amount  of  absorbed  water,  and  to 
consist  of  physical  as  well  as  chemical  changes. 

The  higher  the  temperature,  and  the  longer  the  stock  is  exposed  to  it, 
the  more  rapidly  these  degenerative  changes  proceed  and  the  lower  the 
test  of  the  glue.  Hence  it  is  desirable  to  extract  the  stock  as  quickly 
and  at  as  low  a  temperature  as  possible.  Here  agam  the  differences 
in  stock  necessitate  the  use  of  different  types  of  kettles,  or  cookers, 
which  may  be  grouped  into  two  classes:  1.  Open  tanks;  2.  Pressure 
tanks. 

Open  Tank.  The  open  tank  usually  consists  of  a  rectai^ular  or  round 
wooden  tub  having  a  closed  steam  coil  over  which  a  perforated  false  bottona 
of  wood  or  iron  is  placed  so  as  to  leave  a  circulating  space  between  the  two. 
Upon  the  false  bottom  is  spread  a  layer  of  excelsior  to  serve  as  a  rough 
strainer,  and  on  top  of  this  the  stock  is  thrown  to  within  %  foot  or  so  of 
the  top.  Sufficient  clear  water  is  then  added  to  cover  the  stock,  and  steam 
turned  into  the  coil;  when  the  desired  temperature  is  reached,  the  steam 
b  cut  down  to  the  mioimum  needed  to  maintain  it  until  a  sufficiently 
concentrated  "  soup  "  or  glue  solution  is  obtained,  which  may  be  deter- 
mined by  chilling  a  sample  in  a  small  cup.  After  skimming  oS  the  fioatii^ 
grease,  this  solution,  the  "  first  run  "  as  it  is  called,  is  drawn  ofE  for  further 
treatment,  the  stock  again  covered  with  water  and  a  second  run  made  in 
like  manner,  the  same  process  continuing  as  long  as  any  glue  is  left  in  the 
stock.  The  last  ruD  or  washwater  is  extracted  at  boiling  heat  and  is 
usually  so  weak  that  it  must  be  added  to  another  kettle,  or  be  mixed  with 
a  stronger  preceding  run  or  else  be  evaporated- 
Hide,  sinew  or  ossein  stocks  are  the  ones  usually  boiled  in  the  open 
kettle,  and  as  they  are  greatly  softened  by  their  preliminary  liming,  they 
disssolve  at  comparatively  low  temperatures.  As  a  rule  three  or  four 
runs  suffice  to  exhaust  the  stock,  the  residue  of  which  (glue  manure  or 
tankage)  is  then  dried  for  use  as  fertilizer.  The  tank^e  may  cont^n 
much  fat  or  insoluble  lime  salts  of  fatty  acids,  in  which  event  it  is  first 
boiled  with  HaSO^  to  liberate  the  grease. 

Temperature.  The  temperature  of  boiling  must  in  any  event  be  aixive 
that  favorable  to  bacterial  growth,  and  usually  b^ns  at  about  70"  C. 
(158°  F.),  gradually  increasing  with  each  successive  "run."  The  time 
required  for  boiling  a  "  run  "  varies  from  one  or  two  to  six  or  ei^t  hours, 
depending  upon  the  softness  of  the  stock  and  the  temperature  used. 
Several  new  types  of  open  tanks  have  been  patented  in  which  the  water 
is  caused  to  circulate  through  the  stock  by  mechamcal  means  (rotary 
pumps,  etc.),  the  object  being  to  hasten  solution;  but  with  the  ordinary 
tanks  the  stock  is  not  disturbed,  or,  at  most,  occasiouaily  stirred  with  a 
long  pole  to  open  it  up. 
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Pressure  Tank.  The  pressure  tank  process  of  boiling  glue  is  lai^ly 
used  with  untreated  bones.  The  tanks  consist  of  vertical  steel  or  iron 
cylinders  capable  of  withstanding  several  atmospheres  pressure,  having 
convex  ends  and  large  manholes  at  the  top  for  filling  and  at  the  bottom 
for  discharging  the  steamed  bone. 

The  bones  may  be  boiled  with  water  under  pressure  (10-20  lb8.)i  the 
water  may  be  allowed  to  trickle  in  from  above  while  steam  enters  below- 
(English  process)  or  the  condensation  of  the  steam  may  supply  the  neces- 
sary water  (French  process).  The  successive  runs  of  glue  obtained  are 
more  concentrated  than  by  the  open  tank  method,  but  as  a  rule  do  not 
have  as  strong  a  jelly;  they  are' drawn  off  from  time  to  time  through  a 
perforated  false  bottom.  With  fresh  bones  a  laigc  quantity  of  bone  grease 
is  incidentally  produced. 

Treatijig  the  Liquors.  With  ordinary  glues,  the  liquors,  concentrated 
in  a  vacuum  evaporator  if  necessary,  and  preserved  with  antiseptics  if 
desired,  are  run  directly  into  galvanized  iron  pans  or  "  coolers  "  where 
they  set  to  a  jelly,  a  process  which  frequently  has  to  be  assisted  by  artificial 
refrigeration  if  the  boilings  are  weak  or  the  weather  warm.  White  or 
opaque  glues  are  made  by  stirrii^  in  the  desired  quantity  of  oxide 
of  zinc  or  other  whitening  material,  before  pouring  the  liquor  into  the 
pans. 

Clarification.  Although  ossein  and  calf  stocks  generally  yield  very 
clear  liquors,  in  order  to  secure  the  extremely  clear  jellies  required  for 
some  glues  and  food  gelatines,  both  chemical  and  mechanical  treatment 
of  the  liquors  are  resorted  to.  The  chemical  methods  consist  in  forming 
within  the  liquor  a  flocculent  precipitate  which  tends  to  absorb  and  carry 
down  with  it  the  turbidity-producing  particles.  Alum,  phosphoric  acid 
or  sulphurous  acid  followed  by  milk  of  lime,  and  blood  or  efS  albumen 
are  among  the  substances  thus  used.  After  the  addition  of  albumen, 
to  produce  coagulation  the  liquor  must  be  heated,  which  has  an  injurious 
effect  on  its  jellying  strength.  The  treated  solution  is  filtered  through  a 
filter  press  or  a  pulp  or  bone  char  filter,  and  then  run  into  the  pans. 

Drying.  The  "  coolers  "  or  moulds  are  dipped  for  an  instant  into 
hot  water  to  loosen  the  jelly  blocks,  which,  by  means  of  sharpened 
stretched  wires  operated  by  hand  or  arranged  in  special  glue  cutters, 
are  ^iced  into  sheets  of  any  desired  size  and  thickness.  These  jelly 
sheets  are  spread  upon  galvanized  or  linen  nets,  and  high  piles  of  the 
nets  (called  "stacks")  are  mounted  upon  wheeled  trucks  and  are  run  into 
a  dry  room  against  a  current  of  warm  wr  which  aft#r  pasang  over  a  large 
steam  coil,  enters  the  further  end  actuated  by  a  circulating  fan.  Blower 
or  pressure  fans,  and  suction  or  exhaust  fans  are  both  used.  See  Fig. 
368. 

As  the  drying  proceeds  tuid  the  glue  "  skins  over,"  it  can  be  pushed 
nearer  and  nearer  to  the  hot  coil  in  front  of  which  it  gets  its  final 
"baking";  the  stack  is  then  withdrawn  through  a  »de  door  and  the 
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finished  dry  gtue  taken  from  the  nets  to  be  broken,  ground,  and  packed 
into  barrels,  ba^  or  packets. 

Drying  frequently  causes  the  manufacturer  much  concern,  for  weak 
jellies  are  apt  to  soften  and  stick  to  the  nets  or  even  run  entirely  through 
to  the  floor;  and  besides  the  fresh  jelly  is  open  to  the  inroads  of  bacteria 
whose  action  may  result  in  black  or  offensive  smelling  glue. 


a   -- 


iii 


^^ 


Qrousd  Fl&D  of  Dry  Room. 


e  alley. 

Fig.  36S. 


Grading.  None  of  the  so-called  chemical  tests  for  glue  have  any 
practical  s^nificance,  but  by  experience  it  has  been  learned  that  glues 
made  from  certain  stock  and  possessing -certain  physical  characteristics 
give  good  results  when  used  for  certain  purposes.  The  most  important 
physical  characteristics  are  the  viscosity  and  the  jelly  strength  of  a  solution 
of  the  glue,  and  in  order  to  have  some  means  of  expressing  these  numeri- 
cally arbitrary  standards  have  been  selected  which  cover  the  wide  range 
of  commercial  glues  and  gelatines.  The  following  table  gives  the  viscosity 
and  jelly  strength  of  such  standards,  determined  on  solutions  of  25  grams 
of  glue  in  100  c.c.  of  water.' 

The  standard  viscosities  were  determined  with  a  standardized 
pipette  which  permits  the  efflux  of  45  c.c.  of  water  80°  C,  in  exactly  15 
seconds 

To  determine  standard  jelly  strength  the  "  shot "  test  was  found 
unreliable,  and  a  special  instrument  was  devised.  It  consists  of  a  brass 
cylindrical  vessel  supported  like  a  gas  tank  by  four  vertical  rods,  against 
which  it  slides  with  almost  frictionless  roller  bearings.  This  brass  cup 
is  allowed  to  rest  on  a  truncated  cone  of  jelly  of  definite  sise,  composi- 
tion, and  temperature;  and  shot  are  gradually  poured  into  the  cup  until 


'SwJ.Soc  Chm.,  Vol.  XXV.  p.  158  (1906). 
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a  deSnite  compression  of  the  jelly  is  observed.  Beneath  the  cup  are  two 
veiijcal  adjustable  brass  uprights  3.5  cm.  high,  connected  with  an  electric 
bell  circuit ;  so  that  when  the  cup  reaches  their  level,  it  completes  the  circuit 
and  the  bell  rings. 
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The  weight  of  the  brass  cup  plus  the  weight  of  the  added  shot  ^ves 
a  figure  which  expresses  the  jelly  strength. 

The  jellies  are  cast  in  brass  cups  6  cm.  high,  5.5  cm.  in  diameter  at  the 
open  top,  and  5  cm.  at  the  bottom,  which  is  closed  with  a  tight-fitting 
external  friction  cap.  The  jellies  are  removed  by  dipping  the  cups  for 
an  instant  in  hot  water,  taking  care  that  no  material  loss  results.  The 
liberated  truncated  cones  should  be  4.5  cm.  high,  the  cups  beii^  filled  only 
to  that  level.  They  are  placed  in  a  thermostat  until  they  reach  the  required 
temperature,  10*  C.^ 

Thm  blown  glasses  about  8-8.5  cm.  high  and  5.5  cm.  in  diameter  are 
convenient  for  tests.  25  grams  of  each  glue  to  be  tested  is  broken  into 
small  pieces  and  soaked  in  100  c.c.  of  water  until  softened ;  and  at  the  same 
time  a  number  of  standard  glues,  above  referred  to,  are  treated  in  like 
manner.  AU  the  glasses  are  at  the  same  time  placed  in  a  water-bath, 
heated  to  80"  C,  and  stirred  until  a  perfect  solution  is  obtained.  More 
or  less  than  25  grams  per  100  c.c.  can  he  used  as  long  as  the  standards  and 
unknown  glues  are  all  treated  alike.  The  reaction  is  determmed  with 
litmus  paper.  In  cases  where  the  degree  of  acidity  or  alkalinity  is  draired, 
a  separate  titration  is  made. 

Vlscodty  or  Running  Test  Keeping  the  temperature  uniform,  the 
viscosity  is  determined  by  running  the  hot  solution  from  a  pii>ette,  noting 

'  The  sttutdard  jelly  tester  and  pipette  are  to  be  had  of  Eimer  &  Amend,  New 


York. 
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the  time  of  efflux  by  a  stop-watch.  The  relative  viscoaitiea  are  thus 
fixed  in  seconds.  After  each  determination,  the  pipette  is  washed  with 
hot  water,  and  care  must  be  taken  that  no  partially  evaporated  glue  or 
slime  clogs  the  outlet.  While  running,  the  pipette  may  be  kept  in  a 
specially  constructed  thermostat.  More  complicated  viscosimeters,  as 
Engler's  or  the  Rideal-Siotte  instrument,  may,  of  course,  be  used. 

The  odor  of  the  hot  solution  is  then  noted  and  the  glue  rated  as  sweet 
or  "  oS."  Decomposition  is  readily  detected,  although  it  is  often  masked 
by  phenol  or  ethereai  oils.  Besides,  the  smell  gives  some  indication  of 
the  stock  from  which  the  glue  was  made. 

Grease.  The  glue  solution  is  painted  on  a  piece  of  white  paper  with 
a  little  aniline  or  dry  color,  and  spots  of  "  eyes  "  appear  roughly  propor- 
'  tionate  to  the  amount  of  grease  present. 

Foam.  This  is  determined  by  agitatmg  the  solution  with  a  rod  or 
mechanical  agitator.  An  egg-beater  serves  very  well.  Like  grease,  foam 
is  estimated  on  a  comparative  basis. 

Comparative  Set  The  glues  are  taken  from  the  bath,  allowed  to  cool, 
and  the  comparative  set  or  s^eed  with  which  the  jellies  harden  ia 
noticed. 

Jelly  Strength  ot  "Test"  When  the  jellies  have  reached  the  room 
temperature,  the  jelly  strength  or  "  test  "  is  determined.  For  speed  and 
perhaps  also  accuracy,  we  prefer  the  "  finger  test,"  and  grade  the  jellies 
comparatively  by  pressure  with  the  finger  tips,  the  unknown  glues  natu- 
rally grouping  themselves  as  stronger  or  weaker  in  jelly  than  the  several 
standards.  Notwithstanding  the  personal  equation,  expert  operators 
obtain  much  more  uniform  results  in  this  way  than  are  i^ven  by  the 
various  mechanical  devices. 

Melting-point  The  melting-point  of  the  jelly  as  described  by  R. 
Kissling  (Ckem.  Zeitung,  1901,  25,  264)  is  also  of  considerable  value,  for 
generally  speakii^,  it  is  proportionate  to  the  jelly  strength.  It  may  be 
determined  by  the  simple  apparatus  described  by  N.  Chercbeffsky  {Chem. 
Zeitung,  1901,  25,  413). 

Strictly  speaking,  a  glue  jelly  has  no  absolute  melting-point,  for  it 
softens  up  gradually  and  shows  no  sharp  line  of  demarcation  between 
solid  and  liquid.  Perhaps  the  best  way  is  to  put  the  test  glasses  back 
into  the  water-bath,  and  gradually  raise  the  temperature,  noting  compara- 
tively how  the  jellies  melt. 

Absorption  Test  Schattmann  {Dingler'a  Polyt.  Joum.,  1845,  p.  115) 
proposed  as  a  means  of  valuation,  to  determine  the  percentage  of  water 
a  glue  will  absorb  under  fixed  conditions.  The  water  absorption  is  usually 
in  proportion  to  the  jelly  strength,  which  is  the  more  reliable  figure. 

Binding  or  Adhesive  Strength.  For  this  there  is  no  one  test  that 
can  have  a  general  application;  the  glue  must  be  tried  under  actual 
working  conditions.  It  stands  to  reason  that  if  a  glue  is  to  be  used  to 
hold  clay  to  paper,  it  is  of  small  interest  what  its  binding  strength  ia  on 
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mahc^any,  maple  or  porcelain  blocks.  Veryoften,  in  fact,  a  glue  that  will 
size  paper  pterfectly  will  not  make  a  joint. 

Keeping  Properties.  The  glasses  are  then  allowed  to  stand  uncovered 
at  room  temperature  for  several  days  to  observe  relative  keeping  quali- 
ties of  the  jellies.  If  the  keeping  property  under  special  conditions  is 
desired,  these  conditions  are  simulated. 

As  before  su^ested,  these  test  figures  must  be  read  in  the  light  of 
experience,  and  no  one  of  them  is  sufficient  to  determine  the  value  of  a 
glue.  The  only  test  that  can  be  accepted  as  conclusive  is  a  practical 
trial  of  the  glue  under  actual  working  conditions,  which  vary  in  each  case. 

Use.  Glue  is  used  for  a  multitude  of  purposes.  Each  line  of  work 
has  its  special  requirements,  and  years  of  experience  are  necessity  to  pick 
out  the  right  glue  for  the  work.  Trouble  may  be  caused  by  a  glue  that 
is  too  strong  as  well  as  by  one  that  is  too  weak.  Although  in  usi^  ^ue 
the  most  important  thing  is  the  selection  of  the  right  glue  for  the  work, 
much  depends  upon  its  proper  preparation  and  application.  If  anything 
that  is  glued  up  comes  apart,  the  immediate  verdict  is  "  bad  glue,"  which 
is  oft«n  unjustifiable,  for  poor  judgment  or  unskillful  workmanship  may 
be  responsible. 

In  preparing  glue  for  use  the  following  points  should  be  observed: 

1.  Use  definite  weights  of  glue  and  water.  Glue  is  sold  by  the  pound 
and  should  be  used  by  the  pound.  2.  Soak  the  glue  in  cold  water  until 
it  has  thoroughly  softened.  Ground  glue  softens  more  quickly  than 
sheet  or  flake  glue,  and  is  therefore  preferable,  other  things  being  equal. 
3.  Melt  in  a  water  or  st«am  bath,  and  keep  at  as  low  a  temperature  as 
is  consistent  with  the  work.  Prolonged  heating  injures  glue,  so  that  it 
is  advbable  to  heat  up  successive  small  lots  of  the  soaked-up  material, 
rather  I  'lan  have  a  large  lot  remain  heated  for  a  long  time.  4.  Make  good 
evaporation  from  the  glue-pot  by  the  addition  of  water  if  necessary. 
5.  Use  clean  utenidls.  6.  Fit  the  strength  of  the  solution  to  the  work — 
don't  use  the  glue  too  thick  or  too  thin.  7.  If  surfaces  are  to  be  joined, 
have  them  dry  and  warm,  if  possible,  and  apply  pressure  until  the  glue 
has  sufficiently  "  set." 

Glues  for  particular  purposes  should  be  chosen  as  follows: 

Wood  Joints.  Most  preferable  are  hide  glues  from  grade  70  up.  Lower 
test  hide  glues  may  ^ve  trouble.  While  some  bone  glues  answer  admir- 
ably, in  general  they  should  be  avoided.  The  pieces  to  be  joined  should 
be  thoroughly  fitted,  dry,  and  of  seasoned  wood. 

Veneers.  Most  advantageous  is  a  bone  and  hide,  or  bone  and  sinew 
mixture,  testing  between  grades  50  and  70.  Higher  test  glues  are  apt 
to  set  too  quickly.  Pure  hide  or  sinew  glue  is  better,  but  more  expensive, 
while,  for  cheap  lai^  surface  work,  bone  glue  may  be  used.  If  worked 
on  a  veneering  machine,  freedom  from  foam  is  essential. 

Szing.  As  most  sizing  is  done  with  special  machinery,  each  case  must 
be  considered  individually.    Generally  a  free-flowing  glue,  free  from  foam, 
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is  required.  If  used  to  surface  paper,  grease  is  undesirable,  as  is  any 
marked  acidity  or  alkalinity  which  might  turn  the  shade  of  the  colors 
with  which  the  size  is  mixed. 

Pqter  Boxes.  For  "  setting  up,"  quick-setting  hide  glues,  grades 
70  to  90  are  best.  For  "  covering,"  lower  test  is  necessary  to  prevent 
the  glue  settii^  too  quickly;  bone  glues,  testing  grades  40  to  60,  are  most 
desirable.  Of  course,  to  the  relatively  h^her  test  glues  more  water  can 
be  added;  consequently  they  go  further,  and  it  is  only  a  matter  of 
proportion  between  strength  and  cost  to  determine  the  value. 

Leather  Goods  and  Belting.  Here  the  main  points  are  flexibility, 
tenacity,  and  resistance  to  moisture.  Nothing  under  grade  100  should 
be  used,  and  higher  test  goods  are  to  be  recommended,  because  they  are 
less  sensible  to  moisture,  and  interpose  less  mass  between  the  surfaces 
joined.  Fish  glue,  once  largely  used,  is  in  disfavor,  being  too  hygroscopic. 
Most  leather-belt  manufacturers  make  their  own  special  "cement," 
using  high-grade  glue  or  gelatine  as  a  base,  and  mixing  it  with  glycerin 
and  other  ingredients. 

Bookbinding.  For  rounding  and  backing,  hide  glues  t^Ung  between 
grades  80  and  100  serve  very  well.  If  brittle  low  test  or  bone  glues  are 
used,  the  books  are  ^t  to  crack  down  the  back.  Where  simple  pasting 
work  is  to  be  done,  any  sweet  low-grade  glue  will  anwer. 

In  all  cases  especial  machinery  demands  glue  suited  to  its  particular 
requirements. 

Gelatine.  Only  high-testing  sweet  glues  made  from  selected  clean 
stock  under  sanitary  conditions,  and  free  from  objectionable  chemicals, 
should  be  sold  as  gelatine  to  be  used  for  food  purposes.  Gelatine  b  a  very 
valuable  addition  to  the  dietary,  as  the  use  of  calf 's-foot  jelly  for  invalids 
would  indicate,  for  it  facilitates  digestion  and  conserves  the  body's  nitrogen. 
Being  a  typical  reversible  colloid,  it  is  used  in  small  quantity  in  marsh- 
mallow  confectionery,  to  prevent  the  crystallization  of  the  sugar;  and  in 
ice  cream,  besides  preventing  grainy  crystallisation,  it  inhibits  the  curding 
of  the  casein  (an  irreversible  colloid)  thus  enhancing  the  digestibility 
of  both  the  casein  and  milk  fat.  It  has  in  fact  been  recommended  as  an 
addition  to  infants'  milk.^ 
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E.  L.  TAGUE 
JasMtont  Prcfeuor  of  Chemxttry,  Kanata  Agnadtural  C<Mege,-  Manhattan,  Kama* 

Cabein  belongs  to  that  great  family  of  nitrogenous  organic  compounds 
called  proteins.  It  is  a  very  complex  colloidal  substance  found  in  the 
milk  of  mammals  and  in  the  juices  and  seeds  of  certain  leguminous  plants. 
In  the  modified  form  of  cheese,  casein  from  the  milk  of  cows  and  goats 
has  been  used  as  a  food  from  the  earliest  times,  but  its  chemical  compo- 
sition and  manifold  uses  in  the  technical  worid  were  not  known  till  receni 
years. 

Casein  exists  in  milk  in  the  form  of  a  colloidal  suspension  or  emulsion 
not  in  the  free  state  but  in  combination  with  calcium.  Hammarsten, 
who  first  investigated  this  substance,  called  it  calcium  caseinogen&te. 
He  used  the  name  caseinogen  for  the  protein  complex  as  it  existed  naturally 
in  milk  and  casein  for  the  precipitated  or  coagulated  substance.  English 
chemists,  however,  adopt  a  somewhat  different  nomenclature.  The  sub- 
stance precipitated  from  milk  by  the  action  of  rennet  is  called  casein, 
w^ich  is  equivalent  to  the  American  paracasein,  while  that  precipitated 
by  acids  is  called  caseinc^n,  which  is  identical  with  the  American  casein. 

Investigations  by  means  of  the  ultramicroscope  have  shown  that  the 
fat  globule  of  milk  is  surrounded  by  a  membrane  filled  with  innumerable 
particles  of  calcium  caseinogenate  in  suspension.  These  together  with 
calcium  phosphate  emulsifies  the  fat  globule. 

The  casein  molecule  consists  of  six  elements:  Carbon,  52.f6  per  cent; 
hydr(^n,  7.04  per  cent;  nitrogen,  15.6  per  cent;  oxygen,  22.78  per  cent 
sulphur,  0.8  per  cent;  phosphorus,  0.82  per  cent.  The  above  per  centd 
must  be  considered  as  averages.  Hammarsten  gives  the  following  formula 
for  casein,  viz. :  Ci7aHz74N44SP065-  The  inner  grouping  of  these  elements 
is  still  unknown. 

Chemistry.  Casein  can  be  precipitated  from  milk  or  other  solutions 
by  the  addition  of  very  dilute  acids  in  slight  excess.  This  is  the  only 
method  of  obtaining  it  in  the  free  state.  There  are  certain  other  precipi- 
tants,  but  in  this  case  the  casein  is  obtained  in  a  modified  form,  either 
in  combination  with  the  precipitant  or  as  the  original  calcium  caseino- 
genate.  Solutions  of  the  salts  of  the  heavy  metals  precipitate  the  corre- 
sponding salt  of  casein  with  that  metal.  Saturation  with  neutral  salts 
or  alcohol  gives  a  precipitate  of  calcium  caseinogenate,  while  aniline  dyfr- 
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stuffs  or  alkaloids  form  complex  compounds.  These  precipitants  are  not 
used  except  in  cases  where  that  particular  compound  ia  desired  as  the  end 
product.  Certain  ensymes  precipitate  casein  from  mQk,  but  the  product 
is  still  further  modified,  often  with  a  partial  cleavage  of  the  protein  mole- 
cule. 

The  addition  of  dilute  acids  decomposes  the  calcium  caseinogenat« 
with  the  formation  of  the  calcium  salt  of  the  acid  and  the  precipitation  of 
ftee  casein.  There  is  considerable  evidence,  however,  that  the  casein  salt 
of  the  acid  is  first  formed  and  then  this  is  broken  down  into  free  casein 
by  the  water  present.  The  addition  of  enzymes  is  more  complicated. 
Rennet  precipitates  cheese,  which  is  not  free  casein,  but  the  calcium  salt 
of  a  cleavage  product  of  the  casein  molecule  called  paracasein.  This 
enzyme  is  obtained  chiefly  from  the  gastric  mucosa  of  calves.  According 
to  some  authorities  it  will  not  act  except  in  the  presence  of  soluble  lime 
salts,  which  ordinarily  occur  in  sufficient  quantities  in  mUk.  Hammar- 
sten  considered  that  the  action  of  rennet  takes  place  in  two  stages:  First, 
the  enzyme  splits  the  casein  molecule  into  two  parts  soluble  casein  and 
whey  protein;  then  the  calcium  from  the  calcium  salts  in  solution  unites 
with  the  soluble  casein  and  forms  an  insoluble  curd  of  calcium  paracase- 
ate,  while  the  whey  protein  goes  info  solution. 

Van  Slyke  and  Bosworth,  however,  claim  that  rennet  sphts  caseiD 
into  two  molecules  of  paracasein,  which  unite  with  the  odcium  present 
and  form  a  precipitate  of  calcium  paracaseate.  The  same  authors  claim 
also  that  the  presence  of  soluble  lime  salts  is  not  essential  to  the  action  of 
rennet,  but  that  the  whole  phenomena  of  coagulation  hinges  on  the  fact 
that  the  alkali  salts  of  paracasein  are  soluble  in  water  while  the  alkali 
earth  salts  are  not. 

Casein  is  readily  soluble  in  dilute  aqueous  solutions  of  the  caustic 
alkalies,  the  normal  and  acid  carbonates  of  the  alkalies  and  alkaline 
earths,  and  in  moderately  strong  acids.  It  is  very  easily  broken  down  into 
simpler  compounds  (hydrolysis)  if  the  above  solvents  are  used  in  excess. 
The  most  recent  determination  of  the  molecular  weight  of  casein  {Van 
Slyke  and  Bosworth)  places  it  at  8888±  while  that  of  paracasein  is4444±. 
It  is  practically  insoluble  in  alcohol,  ether  or  water.  It  is  at  least  a  tetra- 
basic  acid,  and  like  nearly  all  other  compounds  which  contain  the  amino 
group,  it  can  act  also  as  a  base.  The  salts  with  the  alkali  bases  can  be 
obtained  as  dry  powders  by  the  evaporation  of  their  solutions.  The 
following  salts  of  casein  with  bases  have  been  prepared;  Ca,  Na,  K, 
NH4,  Cu,  Mg,  and  Hg.  All  soluble  salts  of  casein  can  be  rendered  insol- 
uble by  treatment  with  formaldehyde,  with  soluble  chromates  and  sub- 
sequent exposure  to  light,  or  with  hexamethylenetetramine.  In  the 
dry  or  moist  condition  it  is  very  susceptible  to  high  temperatures.  Its 
solutions  are  not  coagulable  by  heat,  are  levorotatory  to  polarized  Ught 
and  those  of  the  alkalies  can  be  boiled  without  alteration.  When  solutions 
of  casein  with  the  alkaline  earths  are  heated  above  40°  C.  a  precipitate  is 
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fonoed.  This  phenomena  is  not  one  of  coagulation  in  the  strictest  sense, 
but  is  due  to  the  formation  of  an  insoluble  salt  of  the  h&ae.  The  Uquid 
at  the  Bame  time  becomes  more  alkaline. 

Occurrence.  Casein  exists  in  cow's  milk  to  the  extent  of  about  3J 
per  cent  and  forms  80  per  cent  of  the  entire  protein  content.  Commercial 
casein  is  prepared  almost  exclusively  from  cow's  milk.  In  Europe  goat's 
milk  is  used  to  a  considerable  extent  and  in  India  the  milk  of  the 
buffalo. 

The  casein  industry  as  such  originated  in  the  United  States  and  within 
the  last  twenty-five  years  has  reached  enormous  proportions.  The  domes- 
tic supply  is  not  equal  to  the  demand  and  large  quantities  are  imported  from 
Europe  and  South  America. 

Preparation  of  Technical  Casein.  One  of  the  piincipal  requirements 
of  technical  casein  is  freedom  from  fats.  To  this  end  sweet  milk  is  put- 
through  a  centrifugal  cream  separator  and  then  4  to  6  per  cent  of  caustic 
alkali  in  solution  tor  better,  10  per  cent  of  sodium  bicarbonate)  is  added. 
The  amount  of  alkali  is  based  on  the  casein  content  of  the  milk.  The 
solution  is  shghtly  warmed,  and  put  through  the  separator  several  times 
again.  This  procedure  removes  practically  all  the  fats.  The  milk  is  run 
into  a  vat  and  dilute  sulphuric  or  hydrodiloric  acid  is  added  by  degrees 
and  the  mixture  constantly  stirred.  Small  portions  are  taken  out  from 
time  to  time  and  tested  until  precipitation  is  complete.  After  precipitation 
the  curd  b  allowed  to  settle  and  the  supernatant  Uquid  siphoned  off.  The 
curd  is  stirred  up  with  cold  water,  allowed  to  settle  again  and  the  water 
siphoned  off  as  before.  This  is  repeated  until  the  effluent  water  is  peiv 
fectly  clear,  and  neutral. 

The  curd  is  then  placed  on  cheesecloth  filters,  or  on  a  sloping  table 
and  allowed  to  drain.  Next  it  is  put  into  strong  cloths  and  pressed  in  an 
ordinary  cheese  press  until  no  more  water  comes  away.  The  curd  must 
then  be  dried,  and  in  order  to  facilitate  this  process  it  is  necessary  to  break 
it  up  into  veiy  small  pieces.  This  is  done  by  a  curd  mill  in  which  the  curd 
passes  between  toothed  rollers.  Since  casein  is  very  susceptible  to  heat 
it  must  be  dried  at  a  very  low  temperature.  This  is  accomplished  in  sev- 
eral ways.  One  of  the  best  methods  is  by  means  of  the  vacuum  dryer, 
which  consists  of  a  steam-jacketed  outside  cylinder  and  a  concentric  revolv-- 
ing  inside  drum,  heated  by  live  or  exhaust  steam.  To  the  inside  drum 
stirring  blades  are  attached.  The  casein  is  dried  between  the  inside  drum 
and  the  outside  cylinder,  and  is  kept  in  constant  motion  by  the  stirring 
blades.  After  charging  the  apparatus,  the  manhole  is  closed  and  a  high 
vacuum  produced  by  means  of  an  air  pump,  the  vapors  passing  into  a 


Another  vacuum  dryer  consists  of  a  steel  vacuum  chamber  with 
rubber  shod  doors.  The  requisite  temperature  is  obtained  by  means 
of  a  coil  of  pipe  filled  with  hot  water  or  steam  and  placed  around  the  inside 
chamber.    The  well-pressed  casern  is  placed  on  trays  made  by  stretching 
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cheesecloth  over  wooden  frames.  These  traye  fit  into  grooves  on  the  inside 
of  the  vacuum  chamber. 

In  some  factories  the  fine  curd  is  dried  by  feedii^  it  into  a  revolving 
steel  drum  which  is  enclosed  in  another  stationary  one.  The  space 
between  the  two  drums  is  filled  with  hot  water.  The  entire  apparatus 
is  set  on  an  incline  eo  that  the  curd  which  is  fed  in  at  the  upper  end  will 
pass  through  the  drum  as  it  revolves,  and  finally  emei^  in  a  well-dried 
condition  at  the  other  end.  Aft«r  being  placed  in  sacks  or  barrels  the  dried 
casein  is  ready  for  shipment. 

Well-dried  casein  will  keep  indefinitely  if  properly  piotected  from 
moisture.  Since  some  of  the  bacteria  from  the  milk  must  inevitably  find 
their  way  into  the  casein,  or  outside  bacteria  contaminate  it,  the  least 
amount  of  mobture  will  start  decomposition.  Some  manufacturers  sprinkle 
a  few  centimetera  of  alcohol  into  each  container,  if  a  tight  one.  The  alcohol 
vaporizes  gradually  and  inhibits  the  growth  of  bacteria.  Ordinarily 
casein  is  a  perfectly  white  ashless,  hygroscopic  powder,'but  under  certain 
conditions  it  can  be  made  in  the  form  of  glassy  transparent  grains. 

Casein  from  Butteimilk.  Of  late  years  numerous  attempts  have 
been  made  to  utihze  the  casein  from  buttermilk.  It  has  been  found, 
however,  that  the  souring  of  the  milk  and  the  decomposing  action  of  the 
bacteria  change  this  casein  very  materially.  Hydrolysis  occurs  to  a  cer- 
tain extent,  considerable  ammonia  is  given  oif  and  concurrent  oxidation 
takes  place.  The  casein  residue  becc^ies  less  soluble,  yellow  in  color  and 
loses  considerable  of  its  adhesive  character.  This  renders  it  unfit  for  the 
more  important  technical  uses.  In  addition  it  is  almost  impossible  to 
remove  the  last  traces  of  butter-fat  from  it  which  fact  alone  prevents  its 
use  in  processes  where  the  other  defects  are  not  so  objectionable. 

To  obtain  casein  from  this  source,  the  buttermilk  is  heated,  the  coagu- 
lated curd  filtered  off  and  then  treated  in  exactly  the  same  manner  as 
sweet  milk  casein.  Owing  to  the  finely  divided  character  of  this  cas^ 
considerable  difficulty  is  experienced  in  separating  it  from  the  whey. 
It  is  also  liable  to  spoil  before  drying  is  complete. 

Examination  and  Analysis  of  Technical  Casein.  In  addition  to  the 
content  of  pure  casein,  the  physical  pipperties  of  the  product  such  as  fine- 
ness of  powder,  solubility,  color  and  condition  (sweet  or  sour)  are  of  con- 
siderable importance.  An  aVerage  analj'sis  of  a  good  grade  of  technical 
casein  is  as  follows:  Water,  9.23  per  cent;  casein,  85.50  per  cent;  fat, 
0.85  per  cent;  ash,  4.07  per  cent;  nitrogen,  13.6  to  14.0  per  cent. 

Moisture  is  determined  by  weighing  out  5  grams  of  casein  into  a  nickel 
dish  and  heating  it  in  an  oven  at  100  to  105°  C.  to  constant  wei^t. 
One  to  two  hours'  heating  should  be  sufficient. 

Nitrogen  is  determined  by  the  KjeldaM  method.  One-half  gram 
of  ca^in  is  digested  with  25  cc.  concentrated  sulphuric  acid  and  5  grams 
of  anhydrous  potassium  sulphate.  A  drop  of  mercury  is  added  as  a  cata- 
lyzer.   The  ammonia  is  distilled  into  25  cc.  half-normal  sulphuric  acid 
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and  the  excess  acid  titrated  back  with  half-normal  sodium  hydroxide. 
Cbi^o  red  is  used  as  indicator. 

Casein  is  computed  by  multiplying  the  percenter  of  nitrogen  by  the 
factor  6.38. 

Ash  is  determined  by  burning  2  grams  of  finely  ground  caeein  in  a  plati- 
num dish.  The  residue  is  dissolved  in  water  and  a  small  amount  of  a 
solution  of  ammonium  nitrate  added.  It  is  then  evaporated  to  dryness 
and  heated  to  low  rodness,  cooled  in  a  desiccator  and  weighed. 

Free  acid  is  determined  by  shaking  10  grams  of  casein  with  100  cc. 
of  distilled,  water.  It  is  allowed  to  stand  for  several  minutes  and  then 
Sltered;  50  cc.  of  the  filtrate  are  titrated  with  deci-normal  sodium  hydrox- 
ide, using  phenolpbthalein  as  indicator. 

Solubility  is  determined  by  weighing  10  grams  of  air-dried  casein  into 
a  beaker,  and  pouring  over  it  50  cc.  of  water  containii^  2  cc.  33  per  cent 
ammonia.  It  is  heated  to  60°  C.  and  allowed  to  stand  one  hour  with  fre- 
quent stirring.     Pure  casein  should  completely  dissolve. 

Technical  Applications  of  Casein.  The  colloidal  character  of  casein 
renders  it  especially  useful  as  an  adhesive.  The  true  solutions  of  casein 
are  not  colloidal,  and  consequently  are  neither  adhesive  nor  viscous.  To 
attain  this  end  the  amount  of  alkali  used  must  not  be  quite  sufficient  to 
dissolve  the  casein,  t.e.,  to  make  a  true  solution.  In  this  case  the  casein 
is  not  all  dissociated,  but  the  entire  mass  is  rendered  extremely  colloidal. 
The  adhesive  qualities  can  be  imparted  to  casein  solutions  by  the  addition 
of  tannin,  or  some  alkali  tannate,  e.g.,  calcium  tannate.  The  use  of 
tannin,  however,  is  not  satisfactory,  because  of  the  discoloration  produced 
in  the  solution  by  the  action  of  the  tannin  on  the  iron  salte,  which  are 
always  present  to  a  very  small  amount,  either  in  the  casein  or  in  the  water 
used. 

Preparation  and  Application.  Dried  casein  is  soaked  in  an  equal  weight 
of  w&ter  for  two  hours.  The  casein  swells  up  but  does  not  dissolve.  At 
the  end  of  that  time  14  per  cent  of  borax  in  a  hot  saturated  solution  is 
added  and  the  mixture  stirred  continuously  till  solution  is  complete. 
A  thick  mucilagcnous  dough  results  which  can  be  thinned  down  to  any 
desired  consistency  with  hot  water.  Sodium  bicarbonate,  sodium  tung- 
state,  ammonia  or.  the  caustic  alkalies  can  be  used  in  place  of  borax. 
Sodium  silicate  and  lime  are  beat  when  a  cement  for  porcelain,  metals  or 
stoneware  is  desired.  Calcined  magnesia  produces  a  quick-hardening 
cement.  The  adhesive  properties  can  be  increased  by  the  addition  of  a 
little  sodium  arsenate,  and  a  small  amount  of  camphor  will  efFectufdly 
prevent  the  ravages  of  insects. 

These  glues  are  put  on  the  market  in  two  forais,  first  in  a  dissolved 
condition  ready  for  use,  second,  as  a  dry  powder  in  which  the  requisite 
amount  of  casein  and  alkali  are  ready  mixed.  In  the  latter  case  it  is  only 
necessary  to  add  hot  water  to  the  powder,  stir  till  dissolved  and  then  thin 
down  to  the  desired  consistency  with  hot  water.     In  the  wood-working 
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and  cardboard  industries  the  casein  gluea  are  superior  to  the  ordinary 
adhesives.  They  are  inodorous  and  gradually  harden  and  become  insol- 
uble. Bottle  labels  and  the  like  when  moistened  with  formaldehyde, 
dried  and  coated  with  casein  will  efiFectually  resist  moisture.  If  a  putty 
is  desired  it  is  only  necessary  to  add  powdered  lime  and  knead  until  a 
thick  dough  is  secured.  This  hardens  very  quickly  and  serves  all  the 
purposes  of  putty. 

Casein  in  the  Paper  Industry.  The  paper  industry  ofTers  an  ever- 
widening  field  for  the  use  of  casein.  The  utility  of  paper  itself  and  all 
substances  inade  from  it,  or  wood  pulp,  owe  their  increased  utility  to  some 
of  the  peculiar  qualities  imparted  to  them  through  the  medium  of  casein 
solutions.  Cardboard,  paper  flasks,  buckets,  bags,  and  wrapping  paper 
can  be  made  waterproof  by  impregnating  them  with  casein  solution  and 
subsequently  exposing  them  to  formaldehyde  vapors.  Paper  bottles  can 
be  made  sterile  and  impervious  to  moisture,  milk,  oils  and  other  liquids 
by  the  same  process.  Wallpaper  can  be  made  antiseptic.  Paper  slates 
and  drawing  paper  can  be  made  erasable  by  coating  them  with  casein 
solution  to  which  finely  divided  magnesia  or  lime  has  been  added.  The 
sizing  or  enameling  of  paper  in  this  manner  has  reached  remarkable  propor- 
tions. In  this  industry  casein  glue  is  used  as  a  binder  for  the  enamehng 
substance  and  as  a  fixing  agent  for  the  colors. 

Preparatum  and  Applicaium.  Borax  or  soda  casein  is  diluted  down  to 
the  right  consistency  with  hot  water  and  finely  powdered  china  clay, 
kaolin  or  chalk  together  with  the  desired  coloring  matter.  This  mixture 
is  thoroughly  incorporated  together  and  placed  in  a  vat.  The  paper  to  be 
coated  is  made  to  pass  in  an  endless  chain  through  the  vat  and  a  fmall 
amount  of  this  prepared  mixture  is  transferred  to  the  paper  by  a  fine 
brush.  The  sheet  then  passes  between  other  brushes  which  scrub  the 
coatii^  into  the  interstices  of  the  paper  and  at  the  same  time  remove  any 
excess.  Next  the  paper  passes  through  a  drying  chamber,  where  it  is 
partially  dried,  and  at  last  between  heated  rollers,  which  press  the  coatii^ 
into  a  hard  smooth  finish. 

Casein  Paints.  Casein  combines  with  certain  substances  to  form 
agglutinant  compounds  which  are  very  stable  and  extremely  resistant  to 
moisture  and  other  atm(»pheric  changes.  They  all  become  more  or  less 
insoluble  on  exposure  to  air.  In  addition  it  forms  compounds  with  color- 
ing pigments,  aniline  dyestuffs  and  certain  substances  used  for  subtrates. 
These  properties  render  a  solution  of  cas^n  mixed  with  coloring  matters 
especially  useful  as  a  paint  or  varnish,  in  which  case  the  alkali  solution  of 
casein  takes  the  place  of  linseed  oil.  Both  basic  and  acid  aniline  dyes  can 
be  precipitated  on  any  substratum  by  casein.  Paintings  executed  on 
canvas  with  casein  colors  will  resist  atmospheric  changes  for  years.  They 
show  remarkable  brightness  of  colors  and  a  splendid  velvety  sheen. 
They  can  be  rendered  waterproof  by  formaldehyde  and  are  easily  cleaned. 

These  paints  are  generally  used  as  a  thin  liquid  or  paste  in  which  the 


CASEIN  1133 

casein  exiata  in  a  partially  dissociated  condition.     They  are  similar  to  ' 
water  color  paints  in  that  they  dry  very  quickly  and  without  gloss.     The 
surfaces  to  be  painted  do  not  need  any  special  preparation,  althoi^h  aU 
previous  applications  of  oil  paints  must  be  removed. 

Preparation  and  AppUcatum.  Caseio  paints  consist  of  an  alk^ine 
solution  of  casein  together  with  a  suitable  filler  and  color  pigment.  The 
binding  medium  is  made  by  dissolving  casein  in  an  aqueous  solution  of 
caustic  soda,  borax,  sodium  bicarbonate,  ammonia  (»-  sodium  silicate. 
A  small  amount  of  an  aqueous  solution  of  soap,  wax  or  rosin  is  sometimes 
added  in  order  to  protect  the  fine  particles  of  coloring  matter  from  atmos- 
pheric infiuences,  and  a  f^w  cubic  centimeters  of  formaldehyde  or  phenol 
to  render  the  casein  antiseptic  and  to  prevent  the  growth  of  molds  and 
bacteria.  For  frescoing  and  inside  ornamental  work  kaohn,  china  clay, 
lime  or  powdered  feldspar  is  added  as  a  filler  and  to  give  bulk  and  covering 
power.  For  artists'  canvas  the  dissociated  casein  is  emulsified  by  oils  or 
fats  so  that  the  natural  color  of  the  pigment  will  not  be  altered  by  the  bind- 
ing medium.  The  addition  of  glass  fluxes  and  metallic  oxides  produce 
an  enamel-like  finish  and  asbestos  or  diatomaceous  earth  gives  a  fireproof 
coloring.  For  outside  work  on  buildings,  etc.,  the  media  must  be  incor- 
porated with  quickline  or  cement,  both  of  which  form  insoluble  compounds 
with  casein  upon  drying. 

The  next  step  is  to  mix  one  of  the  above  media  with  the  desired  pig- 
ments. It  is  absolutely  necessary  that  the  p^ment  be  indifferent  to  the 
alkali  used.  The  pigments  most  suitable  for  white  are,  baryta,  white 
lead,  chma  clay,  lithophone,  or  zinc  white;  for  red,  carmine,  Indian  red, 
or  vermilion;  for  yellow,  cadmium  yellow,  Naples  yellow,  or  yellow  ocher; 
for  black,  ivory  black  or  lamp  black;  for  blue,  cobalt  blue,  indigo  or  ultra- 
marine;  for  green,  chrome  green,  cobalt  green  or  emerald  green. 

The  proportions  of  bmding  medium,  filler  and  pigment  vary  according 
to  the  nature  of  the  work.  When  these  paints  are  intended  for  shipment 
and  use  at  a  distance  the  above  ingredients,  in  a  dry  condition,  are  mixed 
together  in  the  proper  proportions,  ground  to  a  fine  powder  in  a  paint  mill 
and  packed  in  tight  containers.  This  mixture  will  keep  indefinitely  if 
protected  from  air  and  moisture.  It  is  made  ready  for  use  by  adding  50 
parts  of  water  to  every  100  parts  of  the  powder  and  allowing  it  to  stand 
for  some  time.  The  alkaU  dissolves  in  the  wat«r  and  in  turn  acts  as  a 
solvent  for  the  casein.  The  mixture  is  then  thoroughly  incorporated  by 
repeated  stirring  and  thinned  down  to  the  required  consistency  with  hot 
water.  The  paint  is  then  ready  for  use,  and  can  be  applied  in  the  same 
way  as  oil  paints,  the  only  necessary  precaution  being  to  keep  the  mixture 
thoroi^hly  stirred.  These  paints  will  adhere  to  almost  any  siuface  and 
will  set  very  hard  in  a  short  time. 

Plastic  Masses  from  Casein.  Casein  is  analogous  to  other  compounds 
having  strong  adhesive  qualities  in  that  a  great  variety  of  plastic  masses  can 
be  made  from  it,  either  alone  in  the  form  of  a  fine  powder,  or  in  an  alkaline 
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aolutioD  together  with  admixtures  of  other  substances,  such  as  paper, 
bone  dust,  powdered  stone,  etc.  These  mixtures  possess  the  property  of 
becoming  very  plastic  under  the  influence  of  heat  and  in  this  condition 
they  can  be  kneaded,  rolled,  pressed  or  molded  into  any  desired  shape. 
They  dry  very  quickly,  are  non-inflammable  and  do  not  shrink  on  drying 
provided  an  excess  of  water  is  avoided  in  the  process  of  mixing.  Any 
desired  color  can  be  added  or  transparent  homy  masses  obtained.  Articles 
made  from  these  mixtures  can  be  turned  in  a  lathe,  or  shaped  by  any  other 
cutting  tool,  and  when  finished  take  a  fine  polish. 

Preparation  aTid  Application.  If  casein  is  used  alone  it  is  preferable 
to  use  the  moist  curd.  This  is  heated  to  175°  F.^_and  kneaded  till  a  homo- 
geneous mass  is  secured.  It  is  then  pressed  or  molded  into  the  desired 
shape  and  very  carefully  dried.  If  it  is  desired  to  incorporate  other  sub- 
stances, the  alkali  solutions  of  casein  are  preferable.  In  this  case  it  is 
necessary  to  partially  precipitate  the  casein  with  acids  or  salts  in  order  to 
obtain  the  maximum  plasticity.  Other  substances,  such  as  powdered 
feldspar  and  pigments,  are  added  and  the  mass  treated  as  iu  the  case  of 
the  moist  curd.  Plates  or  ornamental  designs  of  the  above  are  used  for 
paneling  or  inside  decorations.  For  chessmen,  toys,  etc.,  the  addition  of 
strontium  hydroxide  and  powdered  marble  give  articles  of  exceptional 
hardness  and  durability. 

In  Germany  great  progress  has  been  made  in  the  manufacture  of 
celluloid  articles  from  an  admixture  of  casein  and  celluloid,  or  casein 
and  cellulose  or  nitrocellulose.  For  this  purpose  casein  and  cellulose 
are  dissolved  separately  in  acetic  acid  and  then  mixed  together  and  care* 
fully  evaporated.  The  infiammability  of  celluloid  itself  can  be  diminished 
by  the  incorporation  of  a  small  amount  of  casein  with  it. 

The  greatest  achievement  along  this  line,  however,  is  galalith,  a  sub- 
stance made  from  casein,  either  in  an  alkaline  solution  or  in  the  dry 
powdered  state.  This  is  rendered  colloidal  by  a  small  amount  of  acids  or 
salts,  and  after  kneading  to  a  homc^neous  mass  and  molding,  it  is  very 
carefully  dried  and  rendered  insoluble  by  formaldehyde.  It  is  harder  thao 
celluloid;  a  non-conductor  of  electricity,  inodorous  and  non-infiammable. 
It  can  be  rolled  into  thin  sheets  or  thick  plates  and  used  in  place  of  mica 
on  electrical  instruments. 

Other  substances,  akin  to  the  above,  such  as  imitation  leather  or 
Unoleum,  can  be  made  by  impregnating  a  mass  of  vegetable  fibers  or  animal 
hair  with  a  mixture  of  oil,  turpentine,  glycerine  and  casein  glue.  This  is 
partially  dried  and  treated  with  aluminium  acetate,  after  which  it  is  thor- 
oughly pressed  between  heated  rollers.  By  pressing  several  sheets  together 
a  leather  of  any  desired  thickness  can  be  secured.  A  mixture  of  casein, 
vegetable  oil,  caoutchouc  or  rosin  gives  a  substance  which  is  one  of  the  best 
electrical  insulators  known. 

Uses  of  Casein  in  Dyeing  and  Printing  Textile  Fabrics.  When  textile 
fabrics  are  impregnated  with  a  solution  of  casein,  the  fiber  becomes  coated 
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with  a  thin  layer  of  casein  which  materially  increases  the  abeorption  of  the 
dyestuffs  of  the  bath.  It  thus  acts  as  a  mordant  for  the  colors.  When  used 
alone  it  acts  as  a  loading  or  softening  agent  for  silk  and  cotton  goods  and 
renders  the  cloth  more  impervious  to  water.  At  first  only  the  alkaline 
solutions  of  casein  could  be  used,  but  recently  it  has  been  discovered  that 
under  obtain  conditions  the  dye  bath  chould  be  made  acid  without  pre- 
cipitating the  casein. 

.  Preparalion  and  Apjdication.  The  general  method  consists  in  soaking 
iiie  fabric  in  the  casein  solution  and  then  passing  it  through  the  dye 
bath.  Afterwards  the  fabric  is  dried  and  the  coating  rendered  insoluble 
by  exposure  to  the  vapors  of  formaldehyde,  or  by  dipping  it  into  a  solution 
of  aluminium  acetate.  Another  method  is  to  incorporate  the  dyeetuffs 
with  the  casein  solution  and  complete  the  operation  of  mordanting  and 
dyeing  in  one  bath.  The  addition  of  glycerine  solutions  to  the  above  bath 
renders  the  fabric  more  flexible  and  increases  the  gloss.  Finely  divided 
coloring  matters  impart  a  metallic  luster  to  the  cloth,  while  soap  increaaea 
its  sf^tness.  After  treatment  with  formaldehyde  the  tone  of  the  cok>r8 
remain  as  pure  as  those  fixed  with  egg  albumen. 

A  solution  of  casein  in  lime  water  is  used  under  the  name  of  caseogum. 
Argentine  is  a  compound  of  casein  with  zinc  and  gives  a  metallic  luster 
to  the  fibers.     Glutin  is  a  solution  of  casein  in  sodium  tungstate. 

Casein  as  a  Food.  From  time  immemorial  casein  in  the  modified 
form  of  cheese  has  been  used  as  a  food  by  humanity.  Casein  itself  is 
somewhat  indigestible,  but  eeveraJ  of  its  compounds  with  the  alkalies  are 
very  soluble  in  water  and  consequently  are  readily  acted  upon  by  the 
digestive  juices.  Recently  several  new  compounds  have  been  put  on  the 
market  for  this  purpose,  but  the  cost  of  production  has  prevented  a  wider 
use. 

Prepar<Uion.  The  alkali  salts  of  casein  are  used  almost  exclusively  in 
these  foods.  They  are  made  by  the  evaporation  of  their  solutions  and  are 
put  on  the  market  in  the  form  of  dry  powders.  They  are  very  nutritious 
and  inodorous,  and  if  kept  dry  will  keep  indefinitely.  Several  of  them 
have  different  proportions  of  milk  sugar  and  butter-fat  added  in  order  to 
increase  their  nutritive  qualities.  With  the  reception  of  cheese  none  of 
them  are  important  as  yet  and  consequently  only  a  few  of  them  are 
enumerated  below. 

Lacterine  is  one  of  the  best  known;  it  is  a  white  powder  composed  of 
casein  and  a  small  per  cent  of  mineral  and  non-nitrogenous  matter. 
Nutrose  is  sodium  caseate;  plasmon,  potassium  caseate,  and  eucasein, 
ammonium  caseate.  Sanatogen  is  a  compound  of  casein  with  sodium 
glycerophosphate.  Synthetic  milk  is  made  from  casein,  sodium  bicar- 
bonate and  a  mixture  of  butter-fat  and  milk  sugar.  Flour  and  casein  give 
a  bread  low  in  carbohydrates  and  find  a  use  in  certain  dietary  foods.  A 
baking  powder  is  on  the  market  consisting  of  casein  and  calcium  phosphate. 

Cftsein   in   Medicine.    The   caseates   of  iodine,   chlorine,   mercury, 
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inm,  Bilver,  arsenic,  phosphorus  and  a  lai^  number  of  alkaloids  and  o^anio 
compounds  are  used  in  medicine  to  an  ever-increasing  extent.  The  casein 
iodides  are  especially  valuable.  These  «Hnpounds  are  used  in  intestinal 
disorders  and  certain  skin  diseases.  The  casein  complex  increases  the 
adsorption  of  the  iodine  by  thfe  organism.  The  case  in  salicylates  are 
readily  absorbed  by  the  intestines  and  do  not  irritate  the  mucous  mem- 
branes as  do  the  other  salicylates.  When  combined  with  alkaloids  tJie 
casein  residue  seems  to  tone  down  the  harmful  effects  of  the  drug  without 
materially  affecting  the  specific  action  d^ired.  It  is  said  that  three  times 
as  much  mercury  can  be  administered  in  the  form  of  the  caseate  to  a  dog 
or  rabbit  without  causing  death  as  can  be  given  in  the  form  of  the  subli- 
mate. 

Preparation  and  AppliaUion.  The  salts  of  the  metalb  are  made  by 
treating  an  alkaline  solution  of  casein  with  a  solution  of  a  salt  of  the  metal. 
The  halogen  compounds  are  prepared  by  treating  an  alkali  solution  of 
casein  with  the  gaseous  h^ogen,  or  with  an  alcoholic  solution  of  the  same; 
while  the  casein  compounds  of  casein  with  the  alkaloids  are  obtained  by 
treating  a  suspension  of  casein  iu  alcohol  with  an  alcoholic  extract  of  the 
alkaloid. 

Sodium  caaeate  in  a  thick  paste  is  used  as  an  ointment.  Mixed  with 
a  small  amount  of  formaldehyde  and  appUed  to  a  cut  or  bniue  it  forms 
an  elastic  coating  "  new  skin  "  over  the  injury  and  absolutely  prevents 
outside  infection  by  bacteria  or  other  agency. 

Sundry  Uses  for  Casein,  In  addition  to  the  foregoing  there  are  other 
uses,  which,  though  important,  are  not  so  extensively  used.  A  few  of  the 
other  industrial  uses  are  as  follows:  In  soap  making,  in  priming  artiste' 
canvas,  as  a  paint  remover,  shoe  polish,  photographic  plates,  roofing  pulp, 
mauuage  cream,  artificial  silk,  and  as  an  agent  for  sohdifying  mineral  oil& 
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PRACTICAL  APPLICATIONS  OF  COLLOID  CHEMICAL 
PRINCIPLES 

JEROME  ALEXANDER 
Chitf  Ch^mut  NaiUmal  Own  and  GdaKnt  Workt,  New  York  City. 

The  practical  applications  of  colloid  chemistry  are  so  manifold  and  wide- 
spread that  they  touch  every  branch  of  science  and  technology.  Whole 
books  may  be  and  have  been  written  on  many  of  the  most  restricted 
fields,  while  the  scientific  literature  teems  with  monographs  and  articles, 
directly  on,  or  applicable  to,  colloid-chemical  subjects.  In  what  follows, 
it  will  be  possible  therefore  to  give  not  an  exhaustive,  but  only  a  most 
general  survey,  intended  rather  to  show  the  ubiquity  of  colloid  phenom- 
ena; and  many  important  topics  must  be  diamiased  with  a  most  rudi- 
mentary discussion,  entirely  unworthy  of  their  importance. 

Astronomy.  As  matter  in  colloidal  state  is  so  common  on  our  rela- 
tively minute  earth,  it  is  but  natural  to  expect  to  find  many  instances 
of  colloidal  dispersion  in  the  immensity  of  the  Universe.  ■-• 

Cosmic  dust  is  widely  distributed  throughout  the  space,  and  as  it  is 
gathered  by  the  superior  attraction  of  the  larger  heavenly  masses  (suns, 
planets,  etc.),  which  in  any  system  grow  at  the  expense  of  the  smaller 
masses,  fresh  quantities  are  continually  being  produced  by  the  collisions 
of  bodies  in  space,  as  well  as  the  disintegration  of  meteorites,  comets, 
asteroids,  etc. 

The  tails  of  comete  seem  to  consist  almost  entirely,  and  the  nuclei 
and  coma  largely,  of  colloidally  dispersed  matter.  The  great  comet  of 
1882  which  made  a  transit  of  the  sun,  was  invisible  against  the  solar  disc 
(a  position  corresponding  to  attempted  obBervation  of  colloidal  par- 
ticles in  the  ordinary  microscope  against  a  liuninous  background),  but 
became  visible  again  after  pasung  beyond  the  sun's  disc  (a  position  cor- 
respondii^  to  successful  observation  of  the  same  collodial  particles  in 
the  ultramicroscope  against  a  dark  background,  the  eye  of  the  observer 
being  protected  from  the  source  of  illumination). 

The  streaming  of  the  cometary  tails  away  from  the  sun  may  be  due 
to  the  ionization  of  the  constituent  colloidal  particles  and  their  conse- 
quent electrical  repul^on ;  or  more  probably  it  may  be  due  to  the  sun's  rays, 
as  was  pointed  out  by  J.  Clerk  Maxwell.  The  intensity  of  the  action 
of  the  sun's  rays  on  a  particle  depends  upon  its  surface,  which  varies  as 
the  aguare  of  its  diameter,  whereas  the  gravitation  of  the  same  partide  to 
the  sun  depends  upon  its  maas,  which  varies  as  the  cube  of  its  diameter. 
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Theoretically  in  the  case  of  a  particle  whose  density  equals  that  of  water, 
the  repulsion  balances  gravitation  when  the  diameter  reacheti  O.OOIS 
mm  (  =  l.&n).  As  the  diameter  diminishes  the  repulsive  force  gains  the 
ascendancy  soon  reaching  a  maximum  and  again  diminishing  until  when 
the  particle  has  a  diameter  of  only  0.00007(  =  70wi)  the  two  forces  again 
balance  each  other.' 

These  figures,  which  refer  to  a  substance  having  the  density  of  water, 
approximate  colloidal  dimensions;  but  in  the  case  of  denser  bodies  .the 
subdivision  would  be  even  more  profound.  It  is  therefore  not  surprising 
that,  when  the  earth  recently  passed  throi:^h  the  tail  of  a  comet,  no 
disturbance  of  any  kind  was  noticed.  The  comet's  tail  is  a  vast  celestial 
camouflage — its  luminosity  a  macroscopic  Faraday-Tyndall  effect. 

The  nebuke,  too,  apparently  consist  of  finely  dispersed  matter,  ren- 
dered luminous  by  neighboring  suns;  although  with  them  as  with  the 
comets  a  small  part  of  the  light  may  result  from  self-luminescence  (incan- 
descent gas,  etc.). 

Meteorology.  What  we  commonly  call  "  weather  conditions "  are 
lu^ly  dependent  upon  the  degree  of  dispersion  of  water  in  the  atmos- 
phere, and  this  dispersion  is  mainly  effected  and  maintained  by  solar 
heat  and  electrical  enei^.  When  air  carrying  water  vapor  is  chilled  by 
rising  to  a  higher  level,  meeting  a  colder  mass  of  air,  or  even  by  the 
alternation  of  night  and  day,  the  moisture  it  contains  assumes  the  col- 
loidal state  as  cloud,  fog,  or  mist;  and  as  the  copulation  of  the  dispersed 
water  proceeds,  these  in  turn  may  condense  still  further  into  dew,  rain, 
snow  or  hail,  depending  upon  conditions.  When  the  dispersed  water 
a^^regates,  there  is  naturally  set  free  the  energy  originally  used  in  its  dis- 
persion. And  this  may  appear  as  electricity  (lightning)  especially  if  the 
aggregation  occurs  suddenly  as  is  the  case  in  thunder  and  hail  storms. 
We  have  alt  noticed  how  a  nearby  l^htning  flash  is  promptly  followed 
by  an  increased  fall  of  raindrops. 

Were  it  not  for  our  atmosphere  the  sun  would  appear  to  us  hke  a 
fiery  ball  set  in  a  black  atar-spiinkled  sky.  The  blue  color  of  the  sky 
is  due  to  diffraction  of  the  sunlight  by  the  earth's  atmosphere,  a  gigantic 
TVndall  effect.  If  we  look  edgewise  through  a  clear  sheet  of  glass,  we 
at  once  notice  the  green  color  due  to  coUoidally  dispersed  iron,  and  in 
like  manner,  if  we  look  through  a  great  let^h  of  the  atmosphere  the 
prevailing  color  is  blue.    As  the  poet  Campbell  beautifully  puts  it: 

"  'Tie  difitatice  len^ds  eDchaatmeat  to  the  view, 
And  robes  the  mountain  in  its  azure  hue." 

After  the  tremendous  explosive  eruption  of  the  volcano  Krakatoa  in 
1883,  colloidal  dust  and  ashes  were  projected  so  high  that  they  gradually 
q>read  around  the  earth,  causing  "  golden  sunsets." 

■See  Simon  Newcomb's  article  on  "Comet,"  Encyclopedia  Britanmca,  11th  ed. 
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Geology  and  Minerology.  The  ordinary  properties  of  the  solid  con- 
Btituents  of  the  eaxth's  crust  depend  more  upon  their  state  of  physical  sub- 
division than  upon  their  chemical  constitution.  Atterberg  classified  the 
frai^ents  of  minerals  and  rocks  as  follows: 

Diaineter. 

Boulders 2ni.to20  cm. 

Pebbles 20  cm.  to  2  cm. 

Gravel 2  cm.  to  2  mm. 

Sand 2  mm.  to  0.2  mm. 

Earth 0.2  mm.  to  0.02  mm. 

Loam 0.2  mm.  to  0.002  mm. 

Clay smaller  than  0.002  mm. 

The  smaller  the  particles,  the  greater  their  capillarity  and  the  ease  with 
which  they  are  moved  by  wind  and  by  water,  but  the  less  their  penneability 
to  water.  Fine  deflocculated  clay  is  carried  thousands  of  miles  by  rivers 
until  it  is  finally  coa^Iated  by  the  salts  of  the  ocean,  as  may  be  observed 
in  the  deltas  of  the  Ganges,  Nile  and  Mississippi.  Fine  particles  are 
easily  cemented  by  pressure  or  igneous  action  into  rocks  (e.g.,  sand-stone, 
slate),  or  may  act  as  a  cement  for  lai^e  particles  (e.g.,  pudding-stone)  or 
as  a  matrix  for  fossils.  • 

Many  minerals  are  themselves  colloidal  gels  (e.g.,  opal,  9int,  bauxite) 
or  result  from  the  weathering  of  other  minerals  with  consequent  gel  for- 
mation (e.g.,  kaolin  from  kaolinite,  serpentine  from  diabase).  Most  g^ns 
owe  their  colors  to  impurities  colloidally  dispersed  within  them  (e.g., 
ruby,  emerald,  amethyst).  Dendrites  are  formed  by  solutions  diffufong 
through  mineral  gels.  Colloidal  minerals  usually  adsorb,  and  are  dyed 
by  aniline  dyes  (methylene  blue),  whereas  crystalloid  minerals  are  im- 
affected. 

Clay  and  Ceramics.  The  effect  <^  vegetable  extractiv&mattere  on  the 
working  properties  of  clay  have  been  known  from  ancient  times;  in  the 
Bible  (Exodus  v)  it  is  mentioned  that  brick  cannot  be  made  without 
straw.  Recently  patents  have  been  taken  out  for  "Egyptianizing"  clay  by 
adding  to  it  tannin,  extract  of  straw,  humus  and  the  like.  Glue  and  similar 
protective  colloids  deflocculate  or  "  free  out  "  clay  and  make  it  "  cover  " 
in  paper-coating  and  kalsomining.  The  working  properties  of  clays  depend 
largely  upon  the  size  of  their  constituent  particles  and  their  state  of 
a^p«gation.  Th^  is  especially  evident  in  the  manufacture  of  ceramics. 
Articles  molded  of  clay  and  then  burned  lose  their  hydrosol  condition 
and  become  hardened  into  pottery. 

Agriculture.  Although  from  time  immemorial  farmers  have  classified 
soils  on  the  basis  of  their  physical  and  physiological  character  as  "  hght  " 
or  "  heavy,"  "  rich  "  or  "  poor,"  "  productive  "  or  "  unproductive,"  etc., 
it  is  only  within  comparatively  recent  years  that  chemists  have  begun  to 
reahze  the  full  importance  of  the  role  played  by  the  colloids,  especially 
the  organic  colloids  of  the  soil. 
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Many  important  properties  of  soils,  such  as  permeability,  capillarity, 
absorption,  moisture  content,  etc.,  are  dependent  not  so  much  upon  the 
chemical  composition  as  upon  the  size  of  the  constituent  soil  particles.* 
In  coarse  sand,  for  example,  the  amount  of  water  is  greatest  at  the  bottom 
and  smallest  at  the  top,  whereas  in  line  clay  the  distribution  is  much  more 
uniform. 

Among  the  natural  agencies  tendii^  to  increase  the  size  of  the  minute 
soil  particles  may  be  mentioned  heat  with  its  drying  or  evaporative  effect, 
freezing,  and  the  coagulating  or  flocculating  action  of  soluble  inorganic 
salts  and  raoie  organic  substances  present  in  the  soil.  On  the  other  hand, 
included  in  that  little  known  class  of  substances  vaguely  described  as 
"  humus  "  there  are  numerous  organic  substances  derived  from  bacterial, 
plant,  or  animal  debris,  or  exuded  by  the  roots  of  plants,  which  act  as 
protective  colloids  (Schutzkolloide)  and  tend  to  produce  and  maintain 
the  hydrosol,  or  deflocculated  condition.^  In  an  excellent  paper  on 
the  mechanics  of  soil  moisture,  L.  J.  Br^^'  pointed  out  that  very 
small  quantities  of  certain  organic  substances,  such  as  are  continually 
being  produced  in  the  soil  by  the  decay  of  organic  matter,  greatly  decrease 
the  surface  tension  of  solutions,  thus  counteracting  to  a  large  extent  the 
effects  of  the  surface  application  of  soluble  salts  which  would  tend  to 
draw  moisture  to  the  surface  by  increasing  the  surface  tension  of  the 
capillary  water  of  soils.  It  is  well  known,  however,  that  an  excess  of  salts 
will  ruin  a  soil  physically,  as  is  evident  after  flooding  by  sea  water  or  the 
continuous  apphcation  of  chemical  fertUizers.  Of  interest  in  this  connec- 
tion is  the  recent  work  of  the  Bureau  of  Soils,  U.  S.  Department  of  Agri- 
culture, carried  out  by  Cameron,  Schreiner,  Livingston  and  their  co- 
workers. Thus  plants  grown  in  the  unproductive  Takoma  soil  were  greatly 
benefited  by  green  manure,  oak  leaves,  tannin  and  pyrogallol.  The  in- 
jurious effects  of  quinone  and  some  other  organic  substances  may  be  due  to 
their  abUity  to  precipitate  or  flocculate  the  protective  colloids  of  the  soO;  for 
as  Lumi^re  and  Seyewetz  have  shown  *  quinone  renders  gelatin  insoluble. 

The  fact  observed  by  Fickenday  ^  that  more  alkali  is  required  to  floo- 
culate  natural  clay  soils  than  kaolin  suspensions,  he  attributes  to  the  pro- 
tective action  of  the  humus  present." 

A.  S.  Cushman,  in  his  excellent  work  upon  the  use  of  feldspathic  rock 
as  fertilizer  ^  has  shown  that  the  fine  grinding  of  feldspar  increases  the 

'Atterfoerg,  Scbwed.  landw.  Akad.,  1903,  and  Chem.  Zeit.,  1905,  29,  195;  Patten 
(ind  Waggaman,  U.  S.  Dept,  of  Agri.  Bureau  of  Soils,  BuU.  No.  52,  1908. 

'  P.  Ehrenberg,  "  Die  Kolloide  deg  Ackerbodens,"  Zeila.  angew.  Chem.,  1908,  41, 
2122. 

>,U.  S,  Dept.  of  Agric.  Bureau  of  SoUs,  BuU.  No.  10,  1897. 

«BuU.  Soc.  Chem.,  1907,  4,  428-431;  J.S.C.I.,  1907,  703. 

» J.  Undw.,  1906,  64,  343. 

•  Keppeler  and  Spangenbei%  J.  Laodw.,  1907,  55,  299. 

'  H  8.  Dept.  of  Agri.  Bureau  of  Plant  Industry,  Bulletin  No.  104;  Cushman  and 
Httbbvd,  J.  Am.  Chem.  Soc.,  30, 779. 
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amount  of  potash  available  onder  the  action  of  water.  Thus,  a  coarse 
powder  having  an  area  of  43  sq.cm.  per  cc.  of  solid  feldspar  yielded  0.013 
per  cent,  whereas  a  fine  powder  whose  area  was  501,486  sq.cm.  per  cc. 
yielded  0.873  per  cent  of  potash  and  Boda.  These  fine  particles  averaged 
about  0.1/1  in  diameter,  which  is  relatively  large  as  compared  with  colloidal 
dimensions;  but  under  the  action  of  physical  and  chemical  soil  agencies 
they  undergo  further  disintegration,  finally  reaching  a  colloidal  condition 
in  which  still  more  of  their  potash  is  available,  a  condition  favored  and 
maintained  by  the  oi^anic  protective  colloids  of  the  soil. 

With  these  brief  and  inadequate  remarks  we  must  dismiss  this  subject 
of  such  vast  importance  and  fascinating  interest,  referring  to  the  extensive 
literature,  much  of  which  is  quoted  in  Bulletin  No.  52  and  the  other 
pubUeations  of  the  Bureau  of  Soils. 

Electroplatiiig  and  Electrodeposition  of  Metals.  As  might  well  be 
expected  the  addition  of  protective  colloids  to  electroplating  baths  tends  to 
the  production  of  fine  grained  non-crystalline  deposits.  A.  G.  Betts  in  a 
paper  entitled  "  The  Phenomena  of  Metal  Depositing  " '  has  shown 
that  there  are  many  factors  influencing  the  action  of  the  colloid,  and  has 
si^gested  a  number  of  possible  explanations.  The  correct  explanation, 
however,  has  been  given  by  MuUer  and  Bahntje,  ^  who  state  that  the  added 
colloid  keeps  the  deposited  metal  (copper)  in  an  amorphous,  non-crystal- 
line condition,  gelatin  producing  the  most  powerful  effect,  egg  albumen 
considerably  less,  while  gum  and  starch  have  comparatively  little  action. 
They  also  found  that  the  deposited  copper  weighed  0.2  per  cent  more 
than  under  normal  conditions,  indicating  that  some  of  the  colloid  had  been 
carried  down  with  the  metal. 

The  relative  efficiency  of  the  colloids  just  referred  to,  corresponds  to 
their  relative  efiiciency  in  protecting  from  coagulation  solutions  of  col- 
loidal gold,  ^  which  is  additional  evidence  that  we  have  another  instance 
of  protective  colloidal  action,  by  which  the  crystallization  forces  of  the 
metal  are  powerfully  influenced. 

Metallurgy.  Since  coarsely  crystalline  metals  are  brittle,  tending 
to  split  along  the  lines  of  crystal  cleavage,  various  physical  and  chemical 
means  are  employed  in  technical  practice  to  obtain  a  hard,  fine^;rfuned 
structiu^.*  Among  the  physical  methods  are  chilling  and  rolling,  while 
the  chemical  methods  involve  the  removal  of  undesirable  constituents 
(as  in  the  conversion  of  pig  iron  into  steel)  or  the  addition  of  desirable 
constituents  (as  in  case-hardening,  and  the  manufacture  of  "  chrome 
steel,"  "  nickel  steel,"  etc).  For  example,  P.  Putz  has  shown  '  that  the 
predominant  effect  of  vanadium  in  steel  is  to  decrease  the  size  of  the 

1  J.  Am.  Electrochem.  Soc.,  1905,  8,  63. 

■  Z.  Elektrochem.,  1906.  12,  317;  J.S.C.I.,  1906,  484. 

*  ZsigmoDdy,  J.S.C.I.,  1902,  192;  also  Colloids  and  the  UltramicrOBcope,  p.  81. 

'  P.  Langmuir,  Iroa  aod  Bteel  Inst.,  Sept.,  1907;  J.S.C.I.,  1907,  1091. 

•J.S.ai.,  1907,  614. 
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ferrite  grains  and  malce  the  material  harder;  it  renders  the  ordinary 
sbiicture  due  to  pearlite  fine-drained  and  homogeneous. ' 

Now,  while  the  question  is  one  of  very  great  complexity,  many  of  the 
facts  at  preeent  available  seem  to  indicate  that  one  of  the  causes  favoring 
the  fine-grained  Btnicture  ia  the  inhibition  of  crystallization  by  substances 
colloidally  dissolved  in  the  molten  mass.  Thus,  part  of  the  carbon  is  iron 
and  steel  exists  in  the  graphitic  form,  and  as  graphite  is  slightly  soluble  in 
iron  "  some  of  it  will,  under  proper  conditions,  be  found  in  colloidal  form.' 
Besides  metals  may  dissolve  each  other  and  other  substances  colloidally, 
but  in  the  case  of  ordinary  metals  this  is  not  easy  to  demonstrate. 

An  observation  recently  made  by  J.  Alexander*  is  of  interest  here, 
Moissan  ^  has  noted  that  the  addition  of  a  little  platinum  to  metallic 
mercury  causes  the  latter  to  "  emulsify  "  in  water.  Upon  making  up  such 
an  "  emulsion  "  Alexander  noticed  that  the  supernatant  fluid  remained 
turbid  upon  standing,  and  therefore  examined  the  Quid  in  the  ultramicro- 
scope,  which  revealed  the  presence  of  colloidal  metalhc  particles  in  active 
motion. 

Dyeing.  The  difference  between  a  physical  mixture  and  a  chemical 
compound  is  frequently  illustrated  by  dissolving  out  the  sulphur  from  a 
mixture  of  iron  fihi^  and  sulphur  dust,  and  showii^  that  the  solvent, 
carbon  bisulphide,  does  not  affect  the  compound,  ferrous  sulphide.  That 
in  many  cases  dyeing  is  due,  not  to  chemical  combination,  but  to  an  ad- 
sorption '  of  the  dye  by  the  colloidal  fiber,  is  evident  from  the  fact  that 
some  dyestuffs  can  be  extracted  from  the  dyed  fiber  by  means  of  alcohol. 
Investigation  has  shown  that  many  dyes  are  colloidal  in  solution,  and  the 
selective  coloring  of  various  fibers,  tissues,  ceils,  nuclei,  etc.,  is  probably 
due  to  selective  adsorption  or  the  precipitation  of  one  colloid  by  another. 
The  ultramicroscope  researches  of  N.  Gaidukov  ^  support  this  view. 

The  phenomena  of  dyeing  ate  rather  numerous  and  comphcated,  for 
the  dyestuffs  are  numbered  by  thousands,  and  the  various  fibers,  tissues, 
etc.,  such  as  cotton,  silk,  wool,  linen,  jute  and  straw,  all  react  character- 
istically. In  some  cases  the  colloid  fiber  absorbs  the  dye,  as  with  basic 
colors  which  dy%  silk  and  wool  directly;  in  other  cases  there  is  necessary  a 
mordant  which  is  first  absorbed  and  then  fixes  the  color.  Certain  colors 
mutually  precipitate  each  other  and  may  in  fact  serve  as  mordants  for  each 
other,  e.g.,  methylene  blue  and  dianil  blue  2R;  patent  blue  V  find  magenta. 

Colloid  chemistry  also  throws  much  light  upon  many  obscure  points 
in  the  practical  art  of  dyeing.     It  is  possible  to  obtain  much  more  level 

'  Beilby,  Proc.  Roy.  Soc.,  A.  79,  463;  J.8.C.I.,  1907,  926. 

*  C.  BeoedickB,  MetaUurgie,  190S,  5,  41;  J.S.C.I.,  1908,  406. 

'  Carnegie  Research  Reporte,  J.8.C.L,  1908,  27,  570;  F.  Wust,  J.S.C.I.,  1909,  28, 
412;  Hersey,  J.S.C.I.,  27,  531. 

*  J.S.C.I.,  1909,  28,  280. 
•Compleerend.,  144,593;  J.S.G.I.,  1907,413. 

*  Id  some  cases  adsorption  may  be  followed  by  undoubted  chemical  combination. 
'  Zeitsch.  [.  angew.  Chem.,  21,  393. 
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colors  in  old  ^ye  liquors  than  in  fresh  ones,  and  here  it  seems  that 
coUoidally  dissolved  substances  are  responsible,  exercising  a  restraining 
action  upon  the  absorption  of  the  color.  The  addition  of  Glauber's  salt 
facilitates  level  dyeing,  probably  by  its  action  as  an  electrolyte,  producing 
a  partial  coagulation  of  the  dyestufF,  so  that  the  particles  of  the  latter, 
thereby  made  larger,  are  absorbed  more  slowly  and  evenly. 

Soap.  In  a  comprehensive  paper  entitled  "  Modem  Views  on  the 
Constitution  of  Soap,"  '  Lewkowitsch  epitomizes  the  views  of  Merklea 
substantially  as  follows:  "Commercial  soap  is  a  product  having  an 
essentially  variable  composition  dependent  upon  (1)  the  nature  of  the  fatty 
acids,  (2)  the  composition  of  the  '  nigre '  (in  the  case  of  settled  soaps), 
(3)  the  temperature  at  which  the  boiling  is  conducted;  it  behaves  like 
a  colloid  and  should  not  be  regarded  as  a  compound  of  sodium  salts  of 
fatty  acids,  with  which  a  definite  amount  of  water  is  combined  chemically, 
but  rather  as  an  '  absorption-product '  whose  composition  is  a  function 
of  the  environment  in  which  the  salta  of  the  fatty  acids  happen  to  be  at 
the  moment  of  the  fiuishii^  operation." 

Merklen's  views  conflict  with  the  views  as  to  the  chemical  composition 
of  soap  previously  advanced  by  Lewkowitsch,  who  states,  in  conclusion: 
"  But  whatever  may  be  the  outcome  of  renewed  experiments,  Merklen's 
views  cannot  fail  to  stimulate  further  research  into  the  composition  of  soap, 
and  thus  help  to  raise  the  industry  of  soap-makmg,  which  has  too  long 
been  looked  upon  as  a  mere  art,  to  the  rank  of  a  scientifically  well-founded 
industry,  the  operatioos  of  which  are  governed  by  the  laws  of  mass  action, 
the  phase  rule,  and  the  modem  chemistry  of  colloids." 

The  colloidal  nature  of  soap  solutions  is  indicated  by  their  turbidity 
and  their  gelatinization.  That  the  detergent  action  of  soap  is  consequent 
upon  its  deflocculating  effect  was  brought  out  in  the  interesting  Cantor 
Lecture  of  H.  Jackson,^  who  examined  microscopically  the  supernatant 
fluid  resulting  from  washing  a  dirty  cloth  with  soap  and  water,  and  found 
in  it  countless  particles  in  a  state  of  oscillatory  motion  ("pedesis"). 
When  an  individual  fiber  was  bathed  in  soap  solution,  the  dirt  particles 
gradually  loosened  and  began  to  oscillate;  upon  substituting  salt  solution 
for  the  soap,  the  particles  fiocculated  and  the  motion  ceased.  An  ultra- 
microscopic  examination  of  the  detergent  effects  produced  by  soap  should 
prove  of  interest.  In  this  connection  mention  must  be  made  of  the  excellent 
paper  of  W.  D.  Richardson  on  "  Transparent  Soap,"  ^  which  he  terms 
a  supercooled  or  supersaturated  solution,  having  distinctly  crystalline 
tendencies,  and  exhibiting  colloidal  properties.  Having  in  mind  the  fact 
that  the  salts  of  the  hi^er  fatty  acids  dissolve  in  water  as  colloids  a^d  in 
alcohol  as  crystalloids,^  and  also  the  fact  that  the  alcohol  or  equivalent 

'J.S.C.I.,  1907,26,  590.  '  J.  Soc.  Arte,  66,  1101,et»eq. 

*  J.  Amer.  Chem.  Soc.,  30,  414. 

•  S.  Ya.  Levit«B,  Zeits.  Chem.  Ind.  Kolloide,  S,  208  et  aeq.,  J.S.C.I.,  190S,  1134; 
Mayer,  Schaeffer,  and  Terroine,  Comp.  rend.,  146,  484. 
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solveDts  (glycerol,  sugar,  etc.)t  ftre  used  in  transparent  soap,  it  seems  prob- 
able that  the  crystals  which  frequcDtly  form  in  it  are  due  to  the  slow 
separation  of  such  part  of  the  soap  as  is  in  crystalloid  solution.  This  view 
is  supported  by  the  fact  adduced  by  Richardson  (loc.  cit.,  p.  418)  that  the 
fatty  acids  separated  from  the  crystals  had  a  higher  melting-point  than 
those  separated  from  the  clear  matrix.  The  isolation  of  the  crystals  was 
difficult  because  of  their  ramifying  tendency,  which  recalls  some  of  the 
crystal  figures  exhibited  by  some  mixtures  of  crystalloids  and  colloids. 
What  we  may  call  the  crystalloid  phase  of  soap  is  apparently  governed 
by  the  same  factors  as  those  which  Tamman  has  pointed  out  as  governing 
the  crystallization  of  supercooled  solutions,  i.e.,  first,  the  specific  power  of 
crystallization;  second,  the  speed  of  crj^tallization;  third,  the  viscosity,' 
Thus,  gold  ruby  glass  when  quickly  cooled  (or  supercooled)  is  colorless,  but 
acquires  a  red  color  upon  reheating  to  the  softening  point.  By  ultra- 
microscopic  examination  Zsigmondy  showed  that  the  nuclei  of  metalhc  gold, 
which  in  the  colorless  glass  were  amicroscopic,  grew  into  ultramicroscopic 
visibihty  in  the  red  glass.  It  therefore  seemed  to  the  author  that  a  most 
important  factor  in  determining  the  transparency  of  transparent  soap  would 
be  the  speed  of  cooling,  and  some  experiments  were  made  along  this  line. 

A  piece  of  commercial  transparent  soap  was  melted  and  cast  into  two 
cups,  one  of  which  was  quickly  chilled  in  ice,  while  the  other  was  ^owed 
to  cool  slowly  by  immersion  in  hot  water.  The  quickly  cooled  piece  was 
transparent,  while  the  other  was  practically  opaque,  and  showed  upon  ultras- 
microscopic  examination  much  larger  ultramicrons  than  the  transparent 
piece. 

After  standing  three  or  four  months,  the  quickly  cooled  soap  was 
atill  transparent  to  the  naked  eye,  whereas  large  opaque  spots  could  be 
seen  in  the  slowly  cooled  piece.  In  the  ultramicroscope  the  former 
appeared  as  before,  whereas  the  latter  showed  targe  and  perfectly  resolv- 
able crystals  in  a  clear  matrix. 

These  experiments  give  us  an  inkling  aa  to  what  occurs  during  the 
"  heat  treatment "  and  tempering  of  metals,  and  it  is  to  be  hoped  that 
some  technique  may  be  devised  that  will  give  us  even  a  clearer  insight 
than  does  "  etching,"  into  the  changes  that  occur  in  metals  in  metallurgy 
heat  treatment,  use,  age,  and  even  "  disease  "  (tin  for  example). 

Milk.  From  a  colloid  chemical  standpoint,  the  main  constituents  of 
milk  may  be  classified  as  follows: 

In  crystalloid  f  Salts  (such  as  NaCI,  etc.). 
dispersion     |  Sugar  (lactose). 

In  colloidal      f  Casein — an  unstable  or  irreversible  colloid, 
dispersion      [  Lactalbumen — a  stable  or  reversible  colloid. 

la  suspension  ^  milk  fat. 


*  ZBigmondy,  Colloids  and  the  UltramicnMcope,  p.  128  «t  aeq. 
'  It  is  probable  that  some  of  the  fat  ia  in  colloidal  diaperBJoa. 
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Most  formulas  and  recipes  for  modifying  cowe'  milk  for  infant  feedii^, 
and  for  that  matter,  many  analyses,  combine  the  percentages  of  lact- 
albumen  and  of  casein  under  the  collective  title  of  "  total  proteids,"  thereby 
obscuring  the  highly  important  fact  that  the  lactalbumen  stabilizes  and 
protects  the  casein  from  coagulation  by  acid  and  rennin. 

The  subjoined  table  will  show  how  milks  are  influenced  by  a  d 
in  the  ratio  between  the  casein  and  lactalbumen: 


AVERAGE  COMPOSITION 


Kind  of 
Milk. 

CiMin. 

LKt- 

FM. 

Behavior  with  Add. 

B,h.^„,iU.R™.n. 

Cow. . . . 
Woman. 

Abb 

3.02 
1.03 
0.67 

0.53 
1.26 
1.66 

3.64 
3.78 
1.64 

Readily  coagulates. 
Not  readily  coagulated. 

Readily  coagulatw. 
Not  Tidily  coagul&ted. 

It  is  interesting  to  note  that  the  milks  in  the  above  table  are  arranged 
in  order  of  their  digestibility,  which  also  corresponds  with  their  relative 
colloidal  protection.  Thus  Jacobi  has  stated  that  asses'  milk  has  always 
been  recognized  as  a  refuge  in  digestive  disorders  in  which  neither  mother's 
milk  nor  cow's  milk  nor  mixtures  were  tolerated. 

The  addition  of  protective  colloids  to  cows'  milk  stabilizes  it  and  makes 
it  act  more  like  mother's  milk  when  treated  with  acid  and  rennin.  In 
fact,  if  sufficient  protective  colloid  be  added,  coagulation  of  the  casein  in  tbe 
stomach  may  be  entirely  prevented,  or  at  least  the  coagula  kept  in  a  very 
fine  state  of  subdivision. 

The  action  of  protective  colloids  is  beautifully  illustrated  in  the  ultnt- 
microscope,  which  enables  us  to  see  the  individual  particles  of  cows'  casein 
in  active  motion  and  watch  the  course  of  their  coagulation  by  acid,  first 
into  small  and  then  into  larger  and  larger  groups,  whose  motion  decreases 
as  their  size  increases,  until  finally  they  sink  out  of  solution  in  coagulated 
masses.  If,  however,  some  gelatin  or  gum  arabic  solution  be  added  to  the 
cows'  milk  before  the  addition  of  the  acid,  the  casein  particles  continue 
their  active  dance  and  do  not  coagulate.  In  this  connection  it  is  interest- 
ing to  note  that  the  casein  particles  in  mother's  milk  appear  to  be  much 
smaller  than  those  in  cow's  milk,  probably  because  of  the  more  highly 
protective  medium  in  which  they  are  formed  and  exist. 

Although  their  method  of  action  was  not  perfectly  imderetood,  pro- 
tective colloidal  substances  have  for  years  been  used  in  the  modification 
of  cows'  milk  for  infants.  For  over  thirty  years  Jacobi  has  advocated 
the  addition  of  gelatin  and  gum  arabic  to  cows'  milk  and  infant's  diet, 
and  the  use  of  gruels,  dextrinized  atarch  and  similar  reversible  colloids 
is  familiar  to  all.  It  ia  interesting  to  note  that  sodium  citrate,  which 
is  lai^ely  employed  as  an  addition  to  cows'  milk,  acts  as  a  protector, 
and  when  going  into  solution  actually  exhibits  actively  moving  ultra- 
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microna  m  the  ultramicroecope,  a  fact  which  indicates  its  colloidal  condi- 
tion. 

Iq  addition  to  stabilizing  the  casein,  protective  colloids  in  millf  have  a 
very  important  influence  on  the  milk  fat.  In  the  first  place  it  is  to  be 
considered  the  emulsifying  and  emulsostatic  action  of  reversible  colloids. 
Of  much  greater  import^ice,  however,  is  the  result  of  stabilizing  the  casein, 
for  insuflSciently  casein  in  curding  carries  down  mechanically  moat  of  the 
milk  fat  present,  yielding  a  greasy,  fatty  curd  which  is  very  di£Scult  for 
the  digestive  juices  to  work  on. 

Ice  Cream.  It  is  a  fact  well  known  to  practical  ice-cream  makers, 
and  amply  proven  by  experience,  that  ice  cream  made  without  ^gs, 
gelatin,  or  some  similar  colloidal  ingredient,  is  gritty,  grainy,  or  sandy,  or 
else  soon  becomes  so  upon  standing;  whereas  ice  cream  made  with  small 
quantities  of  colloids  possesses  that  rich,  mellow,  velvety  texture  so  much 
in  demand.  Here  the  added  colloid  acts  as  an  inhibitor  of  crystallization 
or  practically  speaking  as  a  preserver  of  texture.  The  added  colloid, 
especially  gelatin,  which  is  the  one  most  frequently  used,  also  serves  aa  a 
protective  colloid  in  preventing  the  coagulation  of  casein,  an  irreversible 
hydrosol,  and  a  normal  constituent  of  ice  cream.  In  view  of  what  has 
been  said  above,  it  is  evident  that  gelatin  thus  renders  ice  cream  more 
digestible. 

A  very  misleading  impression  is  given  by  some  official  food  chemists 
referring  to  gelatin  in  ice  cream  as  a  "  filler,"  which  naturally  leads  to  the 
idea  that  it  is  an  inferior  ingredient  added  in  quantity  to  cheapen  the 
product.  But  as  gelatin  is  expensive  and  as  but  ^  per  cent  is  used,  such  a 
view  is  evidentally  erroneous.  The  food  valus  of  gelatin  as  a  pro- 
tector of  the  body's  nitrogen  being  generally  admitted,  and  its  effect 
in  milk  being  very  beneficial  from  a  digestive  point  of  view,  its  use 
in  ice  cream  in  the  quantities  referred  to  is  necessary,  legitimate,  and 
scientific. 

Confectionefy.  In  gum  drops,  marshmallows,  "  moonshine  "  and  other 
candies,  use  is  made  of  gum  arabic,  gelatin,  albiunen,  and  other  colloids 
to  prevent  the  crystallization  of  the  sugar.  Thus,  besides  adding  to  the^ 
food  value,  they  give  the  candy  a  smooth  and  agreeable  taste,  and  preserve 
it  in  salable  condition. 

Brewing.  Beer  contains  dextrin  and  albumin,  both  colloids.  In  the 
brewing  process  many  factors  appear  which  tend  to  coagulate  the  albumen. 
The  influence  of  solid  surfaces  is  illustrated  by  changing  the  walls  of  the 
fermenting  vessel.  Thus  a  certain  wort  fermented  in  glass  or  enameled 
vessels  showed  0.2450  per  cent  of  albumin;  the  same  wort  fermented  in  a 
paraffin  lined  vessel  showed  0.1925,  and  in  a  vessel  lined  with  pitch  only 
0.1750  per  cent  of  albumin.  Old-fashioned  brewers  would  never  use  any 
vessel  unless  it  had  first  been  treated  with  a  decoction  of  malt  kernels  and 
nut  leaves,  or  else  with  "  fassgelager  "  (barrel  dregs)  which  acts  hke  the 
so-called  "  bierstein,"  a  deposit  consisting  chiefly  of  organic  substances 
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that  fomiB  upon  new  surfaces  and  protects  albumen  from  coagulatioD  by 
their  influences. 

The  influence  of  fluid  surfaces  is  evident  from  the  fact  that  in  the 
chemical  analysis  of  beer,  benzine,  benzol,  cMorofomi,  etc.,  may  be  used  to 
coagulate  and  shake  out  the  beer  colloids. 

The  formation  of  gas  bubbles  tends  to  coagulate  the  dissolved  albumen, 
and  this  fact  killed  the  so-called  "  Vacuum  Fermentation  Process."  The 
jarring  due  to  transportation  or  even  to  passing  tnuna  may  have  a  deleteri- 
ous effect.  A  slight  trace  of  acid  tends  to  stabilize  the  albumen  as  do  the 
tannin  and  resins  from  the  hops,  the  dcxtrins  from  the  mash  and  the 
inot^nic  colloids  of  calcium  and  magnesium.  A  proper  balance  between 
the  dextrin  and  albumin  is  necessary  for  the  formation  of  a  lasting  foam 
and  a  desirable  "body  "  (VollmQndigkeit). 

In  America  where  beer  is  served  icy  cold,  the  chilling  produces  cloudi- 
ness, consequent  upon  a  coagulation  of  albumen.  This  was  cleverly  over- 
come by  Wallerstein,  who  introduced  a  proteolytic  enzyme  which  increases 
the  degree  of  dispersion  of  the  ^bumen  and  thus  prevents  the  clouding. 

Tanning.  The  skins  of  animab  (hide)  constitute  an  oi^anized  colloid 
jelly,  formeoof  bundles  of  fine  fibrils,  about  In  in  diameter,  bound  together 
by  a  cementing  material  of  similar  chemical  composition,  which  is  lately 
removed  by  the  liming  and  other  treatment,  preceding  the  tannage  proper. 

When  the  swollen  hide  is  placed  in  the  acid  tannin  solution '  (tan  liquor) , 
the  tannin  is  powerfully  adsorbed  by  the  fiber  and  combines  with  it  to 
form  leather.  It  is  still  a  moot  question  whether  the  combination  is 
"  physical "  or  "  chemical,"  but  since  the  fixation  of  the  tannin  follows 
an  adsorption  isotherm  and  is  reversible  in  the  presence  of  alkalies,  it  may 
justly  be  called  a  "  colloid  combination  "  which  partakes  of  the  nature  of 
both.  The  positively  charged  hide  and  the  negatively  chai^d  tannin 
mutually  coagulate  each  other.  Gelatin  when  neutral  and  free  fram 
electrolytes  does'  not  precipitate  pure  tannin,  but  in  acid  solution  it  takes 
a  positive  charge  and  is  tanned.  The  tanning  process  may  be  aided  elec- 
trically by  giving  the  hide  a  suitable  potential,  positive  in  the  case  of  tannin 
^d  negative  in  the  case  of  chromium  compounds. 

Rubber.  Rubber  is  made  by  coagulating  the  milky  juice  (latex)  of 
various  plants.  Rubber  lactices  are  emulsions  stabilized  by  protective 
colloids  (proteins  or  peptones)  and  the  nature  of  the  coagulant  depends 
upon  the  nature  of  the  protector.  Thus,  formaldehyde  preserves  latices 
whose  protectors  arc  proteins,  but  coagulates  Ktckezia  latex  by  precipitsr 
ting  the  protective  peptones. 

Vulcanization  consists  of  the  combination  of  sulphur  with  rubber. 
At  first  the  sulphur  is  adsorbed;  and  then  by  heating,  part  of  it  enters 
into  a  close  combination,  probably  true  chemical  combination. 

Photography.    The  photographic  plate  owes  its  sentitiveness  to  an 

'  In  alkaline  eolutioD  both  the  tamua  and  the  hide  are  negatively  ebaiged  and  no 
tanning  occurs. 
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'  of  colloidal  silver  halides  stabilized  by  a  protective  colloid 
(gelatin,  albumin  or  coltodion).  The  d^ree  of  dispersion  is  controlled 
by  the  conditions  of  precipitation  of  the  silver  salt  and  the  subsequent 
treatment  of  the  emulsion  (ripening).  The  latent  image  formed  upon  the 
exposure  of  the  plate  to  light  is  probably  an  adsorption  compound  between 
colloidal  silver  and  the  silver  halides. 

Boiler  Scale.  In  addition  to  containing  various  salts  intended  to 
precipitate  scale-forming  ingredients,  most  formulas  for  "  boiler-com- 
pounds "  and  scale-preventing  mixtures  include  such  substances  as  glue, 
dextrin,  starch,  potatoes,  tannin,  extract  of  hemlock,  etc.  These  oalloids 
undoubtedly  prevent  the  formation  of  hard  crystalline  scale,  either  by 
inhibiting  to  some  extent  the  precipitation  of  the  scale-forming  salts  or 
by  keeping  the  precipitate  in  an  extremely  fine  non-crystalline  condition. 

Cement,  Mortar,  and  Plaster.  When  freshly  mixed,  cement  and  mor- 
tar cont^n  colloidal  sols  or  gels,  which  gradually  coagulate  or  "  set " 
and  bind  the  crystalline  elements  of  the  plaster  into  a  coherent  whole. 

The  setting  of  plaster  of  Paris  is  delayed  by  glues,  gums  and  other 
colloidal  substances,  and  "  retarders  "  of  this  character  have  been  in  use 
for  years.  On  preparing  some  microscope  sUdes  with  a  mixture  containing 
equal  parts  of  plaster  of  Paris  and  water,  to  which  has  been  added  varying 
proportions  of  gelaUn,  the  following  results  were  observed : 
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filtration.  Successful  filtration  depends  upon  the  use  of  a  septum  or 
filtering  medium,  whose  pores  or  orifices  are  small  enough  to  hold  back  the 
particles  it  is  desired  to  separate  from  the  fluid ;  or  the  pores  may  become 
small  enough  by  the  deposit  upon  or  in  them  of  some  of  the  precipitate, 
or  of  some  added  material,  such  as  paper  pulp  or  shredded  asbestos. 
It  is  therefore  evident  that  the  presence  of  protective  colloids,  by  tending 
to  produce  the  finely  dispersed  or  "  hydrosol "  condition  of  the  particles, 
favors  their  passage  through  the  filter.  Thus  a  gold  hydrosol  with  par- 
ticles of  20-30^  and  containing  albumen  passed  freely  through  a  Pukall 
and  a  Maassen  filter.  In  the  absence  of  the  protective  albumen,  the  col- 
loidal gold  was  adsorbed  by  the  filter,  gradually  clogging  the  pores  until 
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the  filtrate,  at  first  red,  became  colorless.  In  technical  practice,  wherever 
possible,  a  coagulated  precipitate  is  formed,  whose  lai^  particles  are 
held  back  with  comparative  ease.  It  is  very  difficult  to  filter  glue  or 
gelatin  solutions  or  precipitates  formed  in  the  presence  of  protective 
colloids. 

The  successful  treatment  of  sewage,  back-waters  and  trade  effluents 
depends  largely  upon  the  separation  from  them  of  colloidal  impurities  by 
coagulation,  adsorption  and  filtration.  The  old  ABC  method  depended 
upon  the  use  of  alum,  blood  and  clay  (whence  the  name)  to  make  a  coagu- 
lum  which  would  carry  down  suspended  matter.  Ferrous  sulphate  and 
lime  (yielding  a  cof^^um  of  ferric  hydroxide),  and  alum  are  also  used  as 
clarifiers  and  coagulants.  Filtration  through  sand,  coke,  etc.,  is  made 
use  of  to  adsorb  dispersed  impurities. 

Animal  charcoal  and  fuller's  earth  decolorize  st^r  and  oils  respectively, 
because  of  their  powerful  adsorptive  action. 

Chemical  AnalyEds.  The  presence  of  colloids  especially  in  technical 
products  or  solutions,  may  lead  to  grave  errors  in  analysis,  so  that  the  chem- 
ist should  destroy  them  by  ignition,  or  else  nullify  their  effects  by  the  addi- 
tion of  a  sufficient  of  excess  coagulant  or  precipitant.  Reversible  colloids 
which  are  frequently  referred  to  under  the  vague  term  "  organic  matter  " 
may  act:  (1)  By  totally  or  partially  preventing  the  formation  of  pre- 
cipitates, just  as  tartaric  acid  and  tartrates  prevent  the  precipitation  of 
alumina,  chromic  oxide,  and  ferric  oxide;  >  (2)  by  preventing  the  satis- 
factory filtration  of  the  precipitate  formed;  ^  (3)  by  rendering  precipitates 
difflcult  to  wash  and  purify.^ 

A  few  experiments  will  serve  to  make  clear  the  importance  of  these 
remarks.  Three  solutions  of  lead  acetate  were  taken;  to  the  first  was 
added  hydrochloric  acid  which  yielded  a  heavy  copulated  precipitate; 
to  the  second  was  added  sodium  chloride  (a  less  highly  ionized  precipitant), 
which  yielded  a  colloidal  precipitate  of  lead  chloride ;  to  the  third  was  added 
first,  a  httle  glue  solution  and  then  sodium  chloride,  which  in  this  case 
gave  no  visible  precipitate  at  all. 

PbaimACj.  Colloids  such  as  gum  arabic,  Irish  moss,  tragacanth,  etc., 
are  lai^ly  used  in  pharmacy  in  the  preparations  of  emulsions.  If  ferric 
chloride  be  added  to  a  gum  arabic  emulsion  of  cod  liver  oil,  it  coagulates 
the  gum,  and  the  oil,  no  longer  protected  by  the  emulsostatic  action  of  the 
gum,  promptly  separates  out. 

Colloidal  silver  (collargol,  argyrol),  colloidal  mercury  (hyrgol,  blue  oint- 
ment), and  colloidal  sulphur  (ichthyol),  are  largely  used  medicinallji .  Ferric 
salts,  especially  the  chloride  which  readily  hydrolyses  into  the  hydrate, 
act  as  styptics  or  hemostatics  by  coagulating  the  blood  colloids.  The 
action  of  disinfectants  is  largely  controlled  by  colloid-chemical  factors — 

'  Voehimoto,  J.S.C.I.,  1908,  27,  952, 

*  Mooers  and  Hstupton,  J.  Am.  Chem.  Soc.,  30,  SOS. 

'  Duclaux,  J.S.C.I.,  1906,  25,  866. 
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tiie  disinfectants  are  adsorbed  by  the  bacteria  and  either  coagulate  their 
protoplasm  or  flock  them  out. 

Foods  and  their  Preparation.  It  is  a  Berious  error  to  judge  foods 
upon  the  basis  of  a  bald  chemical  or  calorific  analysis.  Fat,  protein, 
carbohydrate,  and  calories  are  not  alone  the  criteria  of  food  value — ^the 
physical  condition  of  food  largely  governs  its  usefulness  to  the  organism.^ 
The  ^perience  of  centuries  has  tai^ht  us  the  value  of  "light"  bread  or  cake, 
leavened  by  yeast  or  baking  powder  until  it  presents  an  enormous  surface 
to  the  digestive  juices;  unleavened  bread  was  eaten  only  in  time  of  stress, 
as  we  learn  from  the  Bible.  The  meats  yielded  by  young  animals  are  more 
juicy  and  tender  than  those  obtained  from  older  animals,  because  the 
latter  are  fonned  from  tissues  partially  dehydrated  by  age. 

The  ancient  art  of  cooking  involves  many  factors  besides  mere  digest- 
ibility and  assimilation;  taste,  flavor,  odor  and  variety  are  important. 
E^  albumen  when  cooked  is  probably  more  slowly  absorbed  and  loses 
its  species-specificity;  therefore  some  people  who  have  an  idiosyncrasy 
against  raw  eggs  can  eat  cooked  eggs.  Cream  is  an  emulsion  of  fat  in 
an  aqueous  medium  and  wets  paper;  butter  is  an  emulsion  of  wat£r  in  a 
fatty  medium  and  greases  paper. 

Physiology  and  Pathology.  The  changes  which  occur  on  almost  all 
phyaiolc^cal  processes  are  remarkable  not  only  because  of  their  very 
profound  nature,  but  also  because  they  are  produced  at  comparatively 
low  temperatures  and  in  the  presence  of  very  dilute  ref^ents.  The  living 
organism  disintegrates  proteins,  oxidizes  carbohydrates,  and  with  the  same 
apparent  ease  synthesizes  substances  of  great  complexity.  Powerful 
reagents  and  high  temperatures,  which  would  be  destructive  to  life,  are 
necessary  to  bring  about  changes  of  this  character  under  ordinary  labora- 
tory conditions. 

The  body  and  plant  colloids  (biocoUoids)  consist  of  carbohydrates 
(starch,  cellulose,  glycc^n),  proteins  (plant  and  animal  albumins),  and 
lipoids  (lecithin,  cholesterin,  fats  and  oils).  Each  tissue  has  a  normal 
tumor  or  state  of  swelling,  which  is  greatly  influenced  by  acids,  alkaUes 
and  salts.  The  swelling  and  shrinking  of  tissues  together  with  their  select- 
ive adsorption  and  the  differential  diffusion  of  solutions  through  them, 
account  for  or  accompany  many  physiolo^cal  phenomena,  both  normal 
and  patholc^cal.  Thus,  fibrin  and  gelatin  swell  much  more  in  very 
dilute  acid  than  in  distilled  water,  but  the  swelling  is  depressed  by  salts. 
Fibrin  is  so  sensitive  that  it  swells  in  the  presence  of  traces  of  acid  quite 
undetectable  by  ordinary  indicators  such  as  litmus;  in  fact  fibrin  itself 
is  a  most  sensitive  indicator,  and  can  by  its  swelling  actually  distinguish 
distiUed  wafer  from  the  still  purer  conductivity  water. 

Local  accumulation  of  acid  in  the  oi^^anism  may  cause  swelliog  (edema) ; 
for  example  insect  stings,  which  may  be  imitated   by  stinging  gelatin 

'  Previously  neglected  "  impurities  "  are  also  of  prime  import&nce,  i.e.,  so-called 
"vitumofis  "  fat-fioluble  A  and  water-eoluble  B,  etc. 
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with  a  needle  dipped  in  acid.  If  acid  accumulates  in  an  organ  with  a  rigid 
capsule  (eye  or  kidney)  the  awellii^  tends  to  establish  a  vicious  circle 
(glaucoma,  nephritis)  by  compressing  the  blood  vessels  and  cutting  down 
the  alkaline  blood  stream,  which  is  unable  to  wash  out  the  acids  (mainly 
CO2)  formed  by  living  protoplasm. 

If  the  oxidation  processes  of  the  body  are  normal,  the  hydrogen  in 
foods  is  oxidized  mainly  to  water  and  the  carbon  mainly  to  carbonic 
acid — a  gaseous  acid  which  is  exhaled  without  demanding  protein  or  fixed 
alkali  of  the  organism  for  its  elimination.  It  would  require  nearly  two 
pounds  of  pure  caustic  soda  to  neutralize  the  acidity  produced  daily  by 
an  average  man.  In  the  case  of  pathological  oxidation,  however,  other 
acids  are  formed  and  a  condition  called  "  acidosis  "  may  arise;  which 
is  in  reality  a  diminished  alkalinity,  recognizable  by  the  fact  that  an 
abnormally  large  quantity  of  bicarbonate  of  soda  is  needed  to  render 
the  urine  alkaline.  These  acids  may  cause  disturbances  of  the  body 
colloids,  disease,  and  even  death.  In  fact  throi^hout  life  there  is  a 
gradual  ^yneresia  of  the  biocolloids,  accompanied  by  visible  shrinking 
and  loss  of  water — compare  the  chubby  hand  of  a  child  with  .that  of  an 
old  man.     In  plants  an  analogous  process  occurs  in  tignitication. 

Digestion.  The  digestive  process  is  preliminary  to  the  actual  adsorp- 
tion and  use  of  food  by  the  organism,  and  has  for  its  object  the  modification 
or  change  of  the  ingested  food  into  such  forms  or  such  substances  as  may 
be  absorbed  in  the  lower  part  of  the  digestive  tube.  To  have  a  correct 
understanding  of  the  absorption  of  the  products  of  digestion,  we  must  bear 
in  mind  the  fact  that  the  walla  of  the  digestive  tract  act  as  semipermeable 
colloid  membranes  and  that  absorption  involves  diffusion  into  or  through 
these  membranes  or  then*  constituent  cells.  _  Substances  in  crystalloidal 
solution,  and  colloidal  sols  whose  particles  are  sufficiently  small,  represent 
then  the  two  classes  of  digestion  products  which  are  diffusible  and  ther^ 
fore  absorbable. 

Food  as  ingested  con^ts  mainly  of  substances  that  may  be  grouped 
into  two  classes: 

1.  Crystalloids — such  as  water,  sugars,  sodium  chloride,  etc. 

2.  Colloids — such  as  starch,  proteins,  emulsions,  etc. 

The  crystalloids  in  foods  are  usually  absorbed  directly;  although 
sucrose,  for  example,  undergoes  inversioD.  The  colloids  as  a  rule,  are  not 
directly  absorbable  and  for  the  most  part,  (jigestion  consists  in  the  disin- 
tegration of  the  colloidal  complexes  of  the  food,  so  that  they  can  actuaUy 
diffuse  into  the  organism  and  there  undergo  further  changes.  Colloidal  gels 
or  even  sols  whose  particles  are  of  large  size,  are  practically  speaking,  non- 
diffusible,  and  must  therefore  be  reduced  to  a  more  finely  dispersed  state. 

Investigation  has  demonstrated  that  the  high  efficiency  of  the  digestive 
juices  is  mainly  due  to  small  quantities  of  certain  colloidal  substances 
called  enzymes  (such  as  ptyalin,  pepsin  and  pancreatin)  which  act  as  catar 
lyzers,  enormously  hastening  reactions  which  would  otherwise  proceed  so 
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dowly  that,  practically  epeakiDg,  they  would  not  occur  at  all.  The 
enzymes  appear  to  act  by  fonning  with  the  substrate  a  combination  of 
unstable  character,  which  breaks  down  and  liberates  the  enzyme  again 
to  continue  the  operation.  Recently  W.  M.  Bayliss,  in  hia  interesting 
monograph  on  "  The  Nature  of  Enzyme  Action,"  has  shown  that  in  all 
probabihty  "  the  COTnpound  of  eneyine  and  substrate,  generally  regarded 
as  preliminary  to  action,  is  in  the  nature  of  a  colloidal  adsorption  com- 
pound." Anyone  who  has  seen  in  the  ultramicroscope  the  extremely 
active  motion  of  the  individual  particles  in  colloidal  solutions  can  readily 
imagine  the  terrific  bombardment  a  substance  must  undergo  when  a  colloid 
enzyme  is  concentrated  on  its  surface  by  adsorption,  and  indeed  it  seems 
probable  that  enzymes  actually  produce  their  effects  by  virtue  of  their 
specific  surface  actions  and  the  motion  of  their  particles. 

In  order  to  find  out  if  this  idea  could  be  verified  by  actual  observation, 
the  author  watched  under  the  ultramicroscope  the  action  of  diastase 
upon  potato  starch  grains,  and  the  action  of  pepsin  upon  coagulated  egg 
albumen. 

In  the  first  case,  actively  moving  ultramicrons  in  the  diastase  solution 
gradually  accumulated  about  the  starch  grains,  which  after  a  time  showed 
a  ra^ed  and  gnawed  margin.  While  the  adsorption  and  motion  of  the 
larger  ultramicrons  was  all  that  could  be  followed,  the  bright  appearance 
of  the  field  indicated  that  more  numerous  finer  particles  were  present, 
and  some  apparently  of  intermediate  size  were  seen. 

For  observations  on  albumen  there  was  used  a  dilute  solution  of  egg 
white  which  had  been  heated  nearly  to  boiling.  It  was  opalescent  and 
in  the  ultra  apparatus  exhibited  a  field  full  of  bright  and  rapidly  movii^ 
ultramicrons.  Upon  allowing  a  droplet  of  essence  of  pepsin  (Fairchild's 
containing  15  per  cent  of  alcQhol  by  weight)  to  diffuse  in,  an  immediate 
coagulation  occurred,  the  particles  clumping  into  very  large  masses. 
A  droplet  of  decinormal  hydrochloric  acid  was  then  allowed  to  diffuse  in, 
whereupon  the  large  masses  broke  up  in  small  groups  and  single  ultra* 
microns,  which  once  more  resumed  their  original  motion.  Soon,  however, 
*he  albumen  particles  began  to  grow  smaller  and  disappear,  the  field  all 
the  while  becoming  brighter  and  brighter,  indicating  the  concomitant 
appearance  of  smaller  ultramicrons  or  amtcrons.  In  vitro  the  addition 
of  the  pepsin  to  the  opalescent  albumen  solution  caused  it  to  clear  gradually, 
even  at  room  temperature. 

Enzymes  are  inactivated  to  a  greater  or  less  extent  by  shaking,  heating, 
electrolytes,  etc.,  all  of  which,  as  is  well  known,  cause  the  coagulation  of 
colloidal  solutions  and  a  resulting  decrease  in  the  activity  of  the  motion 
of  their  constituent  particles.  Another  feature  of  interest  is  that  the 
action  of  enzymes  is  reversible,  a  fact  that  does  not  come  much  into  evi- 
d^ice  because  of  the  dilution  and  removal  by  diffusion  of  the  products 
formed.  In  cells,  tissues  and  organs,  however,  changes  of  concentration 
again  occur  and  Esthetic  processes  may  result. 
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One  principle  of  colloid  chemistry  la  of  the  utmost  importance  in  diges- 
tion, namely,  the  protective  action  of  reversible  colloids,  which  stabilize 
or  protect  from  coagulation,  irreversible  or  unstable  colloids.  Mucin 
and  analogous  colloidal  substances  undoubtedly  have  a  function  of  this 
character,  which  may  in  some  cases  account  for  the  variance  between  the 
action  of  natural  and  artificial  digestive  juices.  The  effects  of  colloidal 
protection  are  in  evidence  in  almost  all  physiological  reactions  and  proc- 
esses, and  it  is  indeed  extremely  doubtful  if  there  ever  occurs  in  vivo 
any  chemical  reaction  which  is  not.  greatly  influenced  by  the  colloids 
always  present. 

Absorption,  Secretion,  and  Excretion.  These  are  lai^y  effected  by 
the  swelling  and  shrinking  of  the  body  colloids  and  by  selective  adsorption 
and  differential  diffusion.  It  must  be  remembered  that  the  blood  is  in 
reality  a  circulating  fluid  colloid,  whose  attraction  for  water  is  greater  in 
the  "  acid  "  or  venous  condition  than  it  is  in  the  "  alkaline  "  or  arterial 
condition.  Tissues  and  organs  well  supplied  with  venous  blood  tend  to 
absorb  water  (intestine) ;  wherein  those  well  supplied  with  arterial  blood 
tend  to  give  up  (secrete  or  excrete)  water  (kidney) ;  and  as  the  blood  is 
passing  in  a  continuous  stream,  the  process  continues  as  long  as  the  water 
supply  permits  and  until  the  blood  is  in  equilibrium  with  the  other 
tissues.' 

Conditions  which  decrease  the  capacity  of  the  blood  and  tissues  to  hold 
water  (diuretics,  hypei^lycemia  and  acidosis  in  diabetes)  naturally  result 
in  the  elimination  of  the  excess  or  "  free  "  water  (polyuria,  diarrhea). 

Minute  quantities  of  acid  increase  the  swelling  capacity  of  colloids, 
which  quickly  reaches  a  maximum,  after  which  increasing  acidity  causes 
shrinking.  Neutral  salts  oppose  the  action  of  acids  apparently  by  driving 
back  the  ionization  of  the  acid  and  thereby  reducii^  the  H-ion  concen- 
tration which  is  the  controlling  factor. 

The  action  of  selective  adsorption  and  differential  diffusion  in  effectii^ 
secretion  and  excretion  must  be  at  once  manifest.  Easily  hydrolyzable 
compounds  may  be  this  split  up  in  the  body,  and  yield  secretions  of  acid 
nature  like  the  gastric  juice,  or  of  alkaline  nature  Hke  the  pancreatic  juice, 
depending  upon  the  structure  of  the  organ,  the  location  of  its  cavity  and 
of  its  afferent  and  efferent  vessels,  i.e.,  arteries  and  veins.  Individual 
compounds  in  the  blood  stream  or  other  body  juices  may  also  be  selectively 
diffused  out,  concentrated,  or  separated  from  other  accompanying  sub- 
stances. By  selective  adsorption,  circulating  substances  may  be  fixed 
and  taken  from  the  circulation.;  in  fact,  poisons  are  usually  taken  up 
selectively  by  certain  organs  and  tissues. 

An  insight  into  the  mechanism  of  body  processes  may  be  obtained  by 

'  The  functioDing  of  organa  ia  lately  controlled  by  nervous  influences,  "nius  a 
suddeD  nervous  shock  may,  by  vaso-dilation,  send  an  excesaive  supply  of  arterial  blood 
through  the  mesenteric  arterin  (an  "  internal  blush  "),  and  result  in  seoretion  into  the 
intestine  (nervous  diarrhea). 
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constdering  the  functioning  of  the  kidney.  The  Malpighiao  tufta  are 
plentifully  supplied  with  arterial  blood  having  "free  water,"  and  under 
the  pulsating  pressure '  of  the  blood  stream,  they  ultrar-filter  off  a  very 
dilute  but  copious  blood  ultra-filtrate  into  the  long  convoluted  tubules. 
The  tubules,  however,  are  plentifully  supplied  with  venous  blood,  which 
is  unsaturated  with  water  and  which  therefore  reabsorbs  most  of  the 
water  together  with  some  of  the  dissolved  substances  contained  in  the 
preliminary  excretion;  ho  that  there  drips  into  the  pelvis  of  the  kidney  a 
concentrated  urine  having  in  solution  many  of  the  substances  found  in 
the  blood,  but  in  a  totally  different  concentration.  Bechhold  estimates 
that  the  average  of  two  liters  of  urine  voided  daily  by  an  average  man, 
represents  a  preliminary  excretion  of  fifty  Uters,  of  which  forty-eight  are 
reabsorbed  within  the  kidney  itself. 

In  plants,  differential  diffusion  and  selective  adsorption  seem  to  be 
intimately  bound  up  with  growth  and  the  circulation  of  the  sap.  The 
plant  tissues  are  mainly  colloidal  gels  or  finely  integrated  structures,  and 
as  the  sap  circulates  or  diffuses  through  them,  each  tissue  selectively 
adsorbs  and  elaborates  certain  particular  constituents.  Thus  with  the 
potato  and  tapioca  plants  the  starch-forming  sutetances  are  fixed  in  the 
roots;  with  the  sago  palm  they  are  fixed  in  the  stem  pith;  and  with  cereal 
grains,  in  the  seeds.  As  long  as  the  adsorptive  tissues  are  unsaturated 
or  are  multiplied,  so  long  can  growth  continue",  the  stem  and  branches 
taking  up  the  substances  required  for  the  upward  growth,  and  the  root 
taking  up  those  required  for  the  downward  growth. 

When  we  consider  the  great  variety  of  biocolloids  and  their  sus- 
ceptibility to  changes  of  structure  and  diffusive  or  adsorptive  capacity, 
we  can  easily  understand  the  almost  infinite  number  of  reactions  that  may 
go  on  within  their  recesses,  as  they  swing  the  balance  of  the  law  of  mass 
action  over  particles  reduced  to  a  reactive  degree  of  subdivision. 

'  Since  the  vbm  deferena  has  a  Bm&ller  lumen  than  the  vae  aSneiu,  a  "  back  prea- 
sure  "  is  created  within  the  Malpigbian  tufts. 
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DEHTDRATEDi     DRIED     AND    EVAPORATED    FOODS,     CON- 
DENSED FOODS 

CLARENCE  V.  EKEOTH 

AsHstant  Chief  Chemist,  Bureau  o}  Foodt  and  Dnigt,  New  York  CUu  HeaUk  Department, 
Director,  The  Mrt.  Olioer  tiarrirmm  Pood  Beeeareh  LiAoratory,  Neie  York 

The  discovery  that  the  removal  of  the  water  naturally  present  in  food 
products  would  arrest  the  agencies  of  decomposition  was  made  many- 
ages  ago.  The  ancient  Indians  and  the  savage  tribes  in  Africa  are  known 
to  have  dried  their  surplus  meat  supplies,  in  order  that  they  might  not  be 
in  want  when  game  was  scarce  or  hunting  difficult.  Egyptian  tradition 
called  for  the  placing  of  dried  food  in  the  catacombs  alongside  of  their 
dead,  and  it  b  said  that  dried  kernels  of  grain,  more  than  six-thousand 
years  old  when  discovered  in  the  catacombs  in  our  time,  upon  planting, 
yielded  perfect  grain.  These  people  made  use  of  the  sun's  heat  and  the 
winds  of  the  air  to  cany  away  the  water  in  the  food  products,  and,  where- 
as the  palatability  and  other  properties  of  the  dried  material  probably 
would  not  have  appealed  to  the  elaborate  tastes  of  our  present  age,  yet  we 
cannot  question  their  methods  so  far  as  the  keeping  quaUtles  are  concerned. 

The  North  American  Indian  separated  the  fat  of  meat  from  the  mus- 
cular tissue,  drying  the  latter  separately.  When  dried,  or  at  least  par- 
tially so,  he  melted  the  fat  and  mixed  it  with  the  dried  meat  which  had 
been  pounded  into  a  paste  or  powder  and,  after  adding  a  few  service  berries 
to  improve  the  flavor,  compressed  the  whole  into  cakes.  This  product  is 
known  to  us  as  pemmican  and  is  nowadays  made  of  beef  especially  for  the 
use  of  Arctic  explorers. 

In  South  America  jerked  or  dried  meat  is  known  variously  as  taasago 
or  tasaajo,  and  jerked  venison  is  prepared  and  used  by  mountain  dwellers 
in  the  Rockies  and  our  Southern  Ranges.  In  South  Africa  these  dried 
meat  products  are  known  as  biliong. 

Dehydration  or  Drying  Compared  wtfh  Other  Methods  of 
Preservation,  Such  as  Cold  Storage  and  Canning 


Evaporaied  food  is  generally  understood  to  be  the  prod- 
uct resulting  from  the  removal  of  only  a  part  of  the  moisture  naturally 
contained. 

Condensed  food  has  been  concentrated  to  a  higher  degree  than  evapo- 
rated food,  but  still  contains  more  water  than  defiydrated  or  dried  food. 
It  is  usually  semi-solid  in  condition. 

Dehydrated  or  dried  food  has  had  practically  all  of  its  moisture  removed, 
rarely  containing  as  much  as  b  per  cent,  and  usually  less  than  2  per  cent. 
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The  process  of  dryii^  gives  a  meaaa  of  preserving  food  for  storage  pos- 
sessii^  some  great  advantages  over  those  of  canning  and  of  cold  storage, 
while  embodying  practically  every  advantage  obtained  by  the  latter  agencies 

Dehydration  greatly  diminishes  both  the  bulk  and  weight  of  the  mate- 
rial, making  it  both  easier  and  cheaper  to  store  and  transport.  The  fodd 
value  is  concentrated,  while  at  the  swne  time  the  preservation  is  secured 
by  the  removal  of  the  water  contained  in  the  food,  which  out  of  every 
hundred  pounda  of  fresh  vegetables,  fruits,  milk,  meat,  and  eggs  is  rarely 
leas  than  70,  and  in  many  cases  more  than  90  pounds.  The  following 
table  shows  the  percentages  of  moisture  in  various  foods: 


Percentage 
Apples. .  . 
Apricots . 
Avocado. 


TABLES  SHOWING  REMOVABLE  WATER  IN  FOODS 
Fresh  Prcits 
!  of  nater  in  edible  portioD 


BUckberriee 

Cactus  fruit 

Cberries 

Cranberries 

Currants 

Cummts  (black) 

Figs 

GoDsebenies 

Huckleberries 

Lemons 

Loquat 

Maogo 

Medlar 

Mulberry 

Muskmelons 

Nectarines 

Oranges 

Peare 

Persimmons  (Jap.). . 

Persimmons 

Pineapple 

Plums 

Pomegraaat«s 

Raspberries . 

BaBpberries(blMk).. 

Red  bilberry 

Rhubarb  stalks 

Roeelte  calyx 

Reeellepod 

Strawberries. 

Watermelon 

Wbortleberrks. 


.  86.3 
.  79  2 
.  80.9 
.  88.9 
.  85.0 
.  79,0 
.  79,1 
.  85.6 
.  77.4 


.  84,7 
.  89.5 
.  82.9 
.  67.0 


Frbsb  Vboetablbs 
Percentage  of  water  in  edible  portion: 

Artichoke 79. 7 

Asparagus 94.0 

Beans,  string 89,2 

Beans,  Lima 68,6 

Beets 87.0 

Cabbage 91,5 

Carrots 88,2 

Cauliflower 00,8 

Celery 94.5 

Chayote 82.0 

Chickory  root 79.2 

Com,  sweet 75.4 

Cucumbers 00.0 

EiK  plant 92-9 

Leek 91.5 

Lettuce 93.7 

Mushrooms 88.1 

Okra 87-4 

Onions 87,0 

Parsnips 83,0 

Peas 74.6 

PoUtoes,  Irish, 75,0-80.0 

Potatoes,  sweet 09.0 

Pumjdcins 93.4 

Radishes 91,8 

Rhubarb »  . . .  92.7 

Spinach 92.3 

Squarfi 88.1 

Swisschard 91,0 

Tomatoes 94 . 3 

Turnips 00,5 

Other  Foods 

Beet 75,0-n,0 

Hens  eggs 70,0 

Milk 86,0-89,0 

Fish 60.0-75.0 
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After  removing  the  water  the  material  ia  shrinking  permita  of  close 
packing,  and  it  may  even  be  compressed  into  blocks  or  cubes.  It  can  then 
be  stored  and  shipped  readily,  not  in  expensive  containers,  heavy  in  them- 
selves and  containing  additional  weight  of  added  water,  but  in  l^t 
waterproof  containers  such  as  boxes  lined  viith  paraffined  paper  or  made 
of  [>araffined  fiber. 

The  shortage  of  glass  and  tin  now  prevailing  will,  therefore,  not  inter- 
fere with  dehydrating,  whereas  it  will  handicap,  more  or  lees,  canning 
and  preserving. 

The  cost  of  handling  and  transportiog  equivalent  amounts  of  canned 
and  of  dehydrated  product  of  the  same  food  material  shows  a  saving  of 
at  least  80  per  cent  in  favor  of  the  dehydrated  product. 

At  certain  seasons  farm  products  come  in  such  great  quantities  that 
it  becomes  absolutely  necessary  to  employ  some  ready  meuis  to  prevent 
great  wast^^  occurring  every  year.  There  are  several  factors  which 
operate  to  produce  wastage,  among  them  irregularity  of  demand,  in- 
accessibility of  production,  locality  to  canneries  or  refrigerating  plants, 
and  refusal  of  the  consumer  to  purchase  undersized  material,  which  is  per- 
fectly sound  and  mature  and  equally  as  nutritious  as  the  product  of  normal 
size  and  appearance. 

During  the  year  1917,  owii^  to  the  response  to  the  President's  appeal 
for  greater  production,  which  is  estimated  amounted  to  at  least  33  per 
cent  over  and  above  normal,  the  amount  of  waste  was  greatly  increased  in 
spite  of  the  fact  that  undoubtedly  both  canning  plants  and  home  conserva- 
tion practiced  were  operated  to  an  extent  greater  than  ever  before.  Had 
this  condition  been  foreseen  a  year  or  two  earlier,  we  could  have  prepared 
to  take  care  of  all  surplus  material  in  dehydrating  factories  operating 
with  less  overhead  expense  than  either  the  cannery  or  refr^erating  plant. 

As  a  food  for  armies  in  the  field,  dehydrated  products  are  almost  ideal. 
One  of  the  most  important  features  of  the  food  conservation  movement 
since  the  outbreak  df  the  war  has  been  the  practice  of  dehydrating  fruits 
and  vegetables.  During  this  food  conservation  campaign  246  new  de- 
hydration plants  were  erected,  190  of  which  were  aided  with  Government 
funds.  Since  that  time  the  number  of  plants  has  increased  steadily,  more 
than  2500  dehydrated  food  factories  being  in  operation  in  January, 
1918. 

Development  of  tlie  Ladustry.  The  processes  for  removing  moisture 
on  an  industrial  scale  were  resorted  to  primarily  with  a  view  of  con- 
serving material  that  would  otherwise  have  gone  to  waste.  The  art 
was,  therefore,  largely  developed  by  men  who  underflMKid  but  b'ttle  of 
its  technical  side.  Furthermore,  the  product  had  to  make  its  appeal  to 
the  conamner,  largely,  if  not  wholly,  on  the  basis  of  cheapness.  These 
two  factors  have  combined  to  retard  the  higher  development  of  the 
industry,  as  well  as  the  improvement  of  the  product. 

In  certain  sections  of  the  United  States  fruits  are  produced  in  such 
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laj^  quantities  that  it  becomes  imposaible  to  make  use  of  them.  Such 
states  as  Washington,  Oregon  and  California,  although  blessed  with  a  com- 
paratively  endless  producing  season,  nevertheless  face  the  difficulty  of 
overcoming  their  great  inacces»bility  to  the  larger  centers  of  consumption. 
There  we  find  that  the  removal  of  moisture  by  evaporation  is  generally 
resorted  to,  and  out  of  the  experience  of  these  fruit  growers,  improved 
processes  of  dehydration  will  be  developed. 

A  fruit  product  from  which  about  two-thirds  of  the  natural  contained 
moisture  has  been  removed  has  found  a  place  among  our  staple  articles 
of  food,  and  has  become  known  to  us  under  the  name  of  evaporated  fruit. 

Evaporated  fruit  differs  in  flavor  from  the  natural  article.  By  im- 
provements in  the  process  a  far  superior  article  is  now  possible,  very 
closely  resembling  the  fresh  fruit  or  vegetable.  To  distinguish  the  new 
product,  the  term  dehydrated  has  met  with  fairly  general  acceptance. 

Classification  of  Evaporators  and  Dehydrators.  The  types  of  evapora- 
tors which  have  been  devised  and  patented  are  almost  legion.  The 
majority  are  intricate,  and,  granted  that  some  of  them  will  do  the  work 
for  which  they  were  devised,  we  find  a  large  proportion  of  them  too  high 
in  cost  of  operation.  The  types  of  driers  which  have  survived,  and 
which  are  operated  with  ordinary  air  under  atmospheric  pressure,  can  be 
grouped  and  defined  about  as  follows: 

1.  Drying  KUna  or  Drying  Compartments.  These  are  composed  of 
chambers  of  various  forms  and  dimensions,  and  their  principal  distinction 
from  other  groups  is  that  they  are  intermittent  in  operation..  Generally 
in  this  type  of  drier  the  warm  air  currents  pass  across  the  material  to  be 
dried.  They  are  often  supplied  with  one  or  two  lattice  floors  (for  the 
kilns),  and  with  trays,  either  fixed  or  in  motion,  for  the  compartment- 
driers. 

2.  Tunnel  or  Progressive  Driers.  In  this  class  there  are  two  general 
groups.  In  the  one  group  we  have  those  fitted  with  trays,  which  are 
conveyed  either  mechaaically  or  by  hand  from  the  loading  end  toward  the 
dischai^  end.  In  the  other  group  we  have  the  conveyor  type  of  drier, 
also  known  as  apron  drier. 

The  principal  distinction  of  this  class  consists  in  their  being  continu- 
ous, that  is,  the  dried  material  passes  through  the  entire  drying  chamber 
and  is  discharged  at  a  point  other  than  that  of  loading. 

3.  Drum,  Cylinder  or  Roller  Driers.  This  type  of  drier  is  rarely  used 
for  solid  foods,  with  the  possible  exception  in  the  case  of  production  of 
potato  meal.  The  driera  of  this  class  which  are  used  for  the  concentra- 
tion of  foods  consist  of  one  or  more  cylinders,  internally  heated,  and 
upon  the  outer  surface  of  which  the  material  to  be  dried  is  delivered. 

Descr^itions  of  Eviqtoratore  and  Dehydrators.  1.  Drying  Kilns  or 
Drying  Compariments.  Drying  kilns  are  usually  20  by  20  feet  square, 
and  consist  of  a  lower,  or  heating,  compartment  about  10  feet  in  height, 
and  in  which  the  heatii^  apparatus,  usually  a  lai^  stove,  is  contained. 
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In  order  to  provide  better  and  more  even  heat  for  the  air  passii^  tfarou^, 
the  3tove  Sue  is  coiled  about  in  the  heating  chamber  before  it  is  finally 
carried  out  to  the  top  of  the  building.  The  top  of  this  compartment  has 
a  lattice  floor  upon  which  the  material  to  be  dried  ia  spread  to  a  depth  of 
from  2  to  6  inches,  depending  upon  its  consistency  aDd  the  amount  of 
moisture  contained.  During  the  process,  which  requires  from  eighteen 
to  twenty-four  hours,  the  material  is  turned  over  several  times.  The 
drying  chamber  proper  is,  at  the  center,  about  12  feet  high,  sloping 
down  toward  the  lattice  floor  to  a  point  within  a  few  feet  thereof.  At  the 
top  of  the  hood  thus  formed  an  adjustable  ventilator  is  placed.  In  order 
to  help  the  air  circulation  the  gas  flue  from  the  heater  is  often  lead  up 
through  this  ventilator.  Infrequently  a  second  lattice  floor  is  provided  in 
this  type  of  kiln.  Most  of  the  evaporated  fruits  now  on  the  market,  as 
well  as  hops  used  in  brewing,  are  dried  in  this  type  of  evaporator.  In  the 
second  group  of  this  class  we  have  the  VilTm  which  are  supplied  with 
trays.  These  are  either  fixed  in  the  kiln  itself  or  are  placed  in  racks  on 
factory  trucks  which  are  wheeled  into  the  drying  chamber. 

In  the  Hunter  dry  kiln,  which  is  steam  heated,  air  is  taken  in  at  the 
side,  and  in  the  space  provided  between  the  double  walls,  the  air  passes 
up  around  steam  coils  placed  on  this  Bame  side  and  continues  through  the 
double  wall  space  at  the  top  or  ceiling  and  the  opposite  side.  At  the  bottmn 
of  the  opposite  side  air  passes  through  the  inner  wall  and  into  the  kiln 
chamber.  The  air,  before  entering  the  kiln  itself,  in  this  manner  has 
been  used,  to  warm  the  inner  of  the  two  sets  of  waUs,  which  are  the 
walls  of  the  kiln  chamber  proper.  The  an-  passes  out  of  the  ioner  wall  at 
the  same  side  as  it  was  previously  admitted  from  the  atmosphere,  and,  in 
flowing  through  the  exhaust  pipes,  again  passes  the  heating  coils.  This 
naturally  increases  the  air  circulation,  but,  on  the  other  hand,  uses  up 
additional  heat.  The  air  flow  is  adjusted  by  means  of  dampers  in  the 
exhaust  pipes,  and  the  temperature,  as  well  as  the  humidity  of  the  air,  are 
automatically  controlled. 

To  humidify  the  air  a  water  trough  is  placed  where  the  air  enters 
the  kiln  chamber.  The  steam  coil  running  through  the  water  in  this  trough 
is  controlled  by  an  automatic  valve,  which  valve  in  turn  is  operated  by 
the  humidity  controller.  This  whole  arrangement  belongs  to  the  type 
of  mechanisms  called  humidifiers. 

The  v^^tables  to  be  dried  are  placed  on  suitable  trays,  set  in  racks  on 
factory  trucks  provided  for  the  purpose. 

Two  other  types  of  kilns  worthy  of  mention  are  those  represented  by 
the  Carson-Snyder  evaporator  and  the  "  G.  H."  dehydrator.  In  the 
former,  which  employs  natural  draught,  the  trays  are  arranged  in  stacks, 
located  zigzag  fashion  above  the  heating  chamber.  In  each  stack  of  trays 
the  air  openings  are  graduated  in  size,  starting  with  a  horieontal  slot^ 
opening  of  tV  inch  in  height  into  the  upper  tray.  The  openings  are 
successively  increased  downward  by  an  increment  of  I'r  inch,  so  that  the 
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dot  opeiUDg  to  the  lowest  member  of  the  stack  of  twenty-two  trays  is 
IH  inches  in  width.  It  is  apparent  that  the  warm  air  in  rushing  upward 
will  "be  prevented  by  the  narrower  openings  from  passii^  across  the  upper 
trays  only,  and  in  practice  it  has  been  found  that  excellent  distribution 
of  the  circulation  is  obtained. 

In  the  "  G.  H."  dehydrator,  illustreted  in  Fig.  374,  the  trays  are  sus- 
pended in  an  elongated  compartment.  In  order  to  economize  space  the 
compartment  has  been  extended  up  and  down  rather  than  horizontally, 
88  will  be  plain  from  the  illustration.     The    illustration   shows   a  de- 


o 


^ 


/  ^ 


hydrator  having  two  of  these  compartments  and,  as  it  is  constructed  on 
the  unit  principle,  more  may  be  added,  if  required.  This  dehydrator 
gives  an  excellent  product,  far  superior  to  the  ordinary  evaporated  fruit, 
both  in  flavor  and  appearance,  and  like  the  Hunter  dry  kiln,  employs 
moist  air.  Humidifier  and  temperature  regulator  are  also  provided.  This 
machine  depends  upon  a  fan  blower,  or  an  air  pump  for  providing  circu- 
lation, the  regularity  of  the  same  insuring  a  uniform  product.  The  trays 
in  this  dehjrdrator  are  made  of  wire  cloth,  like  those  employed  in  other 
driers  for  the  easas  purpose. 
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2.  Tunnel  or  Proffresaive  Driers.  The  tunnel  eTap(»«tor  has  been 
gradually  perfected  by  modification  of  the  Allen  evaporator.  It  con- 
sists of  a  long,  narrow  room  with  floor  and  ceilii^  inclined  imifcHmly 
from  end  to  end,  and  with  a  furnace  below  tiie  floor  at  the  lower  end. 
Extending  parallel  with  the  floor  are  cleats  along  which  traya  containing 
the  material  to  be  dried  are  meved  from  the  upper  end  down  to  the 
lower  end  as  the  drying  progreaees.  The  heated  air  is  admitted  at  the 
lower  end  of  the  tunnel  from  a  furnace  placed  in  the  room  beneath,  and 
rising  through  the  succeesiye  series  of  wire  cloth  trays,  laden  with 
moisture,  passes  off  through  a  ventilator  shaft  at  the  opposite  hi|^ier  end. 

Tray  driers,  whether  tunnel,  kiln,  or  compartment,  can  be  used  for  a 
variety  of  foods;  several  kinds  can  be  dried  at  one  and  the  same  time. 

In  the  other  group  of  driers  in  this  class,  the  conveyor  or  apion  type, 
it  has  been  found  less  convenient  to  change  adjustments  than  to  dry  one 
kind  of  material  at  the  time.  Conveyor  driers  are  simple  of  construc- 
tion and  consist  of  cloth  or  gauze  belts,  discbai^g  one  onto  the  other 
and  contained  in  a  case  or  cabinet  of  suitable  proportions.  They  can  be 
designed  to  meet  almost  any  requirement. 

The  improved  Alien  tunnel  evaporator  is  used  ahnost  exclusively 
in  drying  prunes;  and  aformof  wire  ctoth  conveyor  drier  is  used  to  produce 
dehydrated  eggs. 

3.  Drum,  Cylinder  or  BoUer  Driers.  These  driers  are  rarely  used  for 
fruits  ^id  v^etables.  Abroad,  potato  meal  is  made  by  crushing  boiled 
potatoes  between  rollers,  all  internally  heated.  Adhering  to  the  hot  cyl- 
inder surface  they  are  dried  and  are  removed  by  means  of  knives  placed 
in  contact  with  the  cylinder  surface. 

Clasaflcation  and  Description  of  Vacuum  Evi^>orators  and  Dehydratms. 
The  driers  operating  under  reduced  pressure,  or  vacuum,  come  principally 
under  three  classes: 

1,  Shdf  Vacuum  Driers  (see  Chap.  I).  The  food  material,  after  suit- 
able preparation,  is  spread  uniformly  over  the  internally  heated  shelves. 
Heat  is  also  supplied  to  the  hollow  jacket  surrounding  the  entire  chamber. 
Steam  or  hot  water  is  employed  as  the  beating  medium,  depending  upon 
whether  high  or  low  heat  is  required.  This  type  of  machine  is  used  for 
drying  non-liquid  foods,  such  as  vegetables  and  fruits. 

2,  Drum  Vacuum  Driers  (see  Chap.  I).  Consisting  of  one  or  two  inter- 
nally heated  cylinders  revolving  in  a  vacuum  chamber,  these  driers  are  used 
to  reduce  many  food  products,  usually  to  dryness.  The  method  of  opera- 
tion is  easy  to  understand  and  control. 

The  food  products  usually  dried  in  them  are:  Milk,  eggs,  fruit  juices, 
meat  and  vegetable  extracts,  soups,  potato  meal,  and  coffee  extracts. 

A  type  of  drum  vacuum  dryer  having  a  fixed  drum  with  rotary  paddles 
is  used  to  dry  starch  and  other  cereal  products. 

3,  Vacuum-pan  Evaporators  (see  Chap.  I)  are  used  exclusively  for 
ctmcentration  of  hquids  to  a  pasty  consistency.    They  are  used  as  pre- 
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liminary  conceotrators  for  the  rotary  drum  driers,  these  latter  completing 
the  drying. 

Theory  of  Air  Diyiog  at  Atmospheric  Pressure.  Dry  and  Moist  Air. 
Moisture  Capacity  and  its  Measurements.  Humidity  and  Tenqerature 
Control.  There  are  two  general  processes  of  removing  moisture  by  means 
of  air,  namfely  by  natural  and  by  artificial  means. 

The  former  involves  the  employment  of  the  heat  of  the  sun  leather 
with  the  winds  of  the  air.  The  latter  resolves  itself  into  two  subdivisions, 
to  wit,  drying  with  mechaoicaliy  produced  draft  or  with  "  natural  "  draft. 

Sun  and  air  drying  at  its  best  is  unsatisfactory  as  a  technical  operation. 
Inclement  weather  and  irregularity  of  atmospheric  conditions,  as  well  as 
the  slowness  of  the  process  all  combine  to  make  it  so.  In  addition  the 
material  is  unduly  exposed  to  insects  and  to  contamination  with  micro- 
oi^nisms  and  dirt.  A  preservative  is  nearly  always  needed  to  prevent 
decomposition  because  <A  the  slowness  of  drying,  and  on  account  of  the 
moisture  retained  after  the  drying  has  been  completed.  T^e  t«nu  "  air 
dry  "  signifies,  as  a  rule^  a  moisture  content  of  10  to  12  per  cent,  and, 
without  a  preservative,  micro-organisms  and  the  enzymes  naturally  present 
will  rapidly  cause  decomposition. 

In  dehydrating  with  mechanical  draft,  we  need  give  but  scant  con- 
sideration to  the  feasibility  of  employing  air  at  ordinary  temperatures. 
The  reason  is  plainly  illustrated  by  the  accompanying  table  showing  the 
moiattve  carrying  capacity  of  air  at  different  temperatures.  It  will  be 
seen  that  this  capacity  is  doubled  for  every  increase  of  30°  in  temperature 
and  .that  air  at  169°  F.  (the  average  temperature  of  dehydrating)  will  - 
absorb  more  than  eleven  times  as  much  water  vapor  as  air  at  ordinary 
temperature  (70°  F.). 

The  following  table  gives  the  vapor  weights  in  grains  which  air  is 
capable  of  absorbing  to  the  point  of  maximum  saturation,  per  cubic  foot, 
for  various  temperaturet  at  ordinary  atmospheric  pressure  (29.921  inches 
of  mercury). 


D«r». 

Oriiu  in  ■ 

Dasrw. 

OniDi  in  ■ 

Degrea. 

Qmiiu  in  a 

Fah^^t. 

Cubie  Foot. 

Fifanaheit. 

Cubic  Foot, 

Fabrcnbeit. 

Cubio  Foot, 

10 

1.1 

80 

10,95 

160 

90,5 

20 

1.56 

90 

14.85 

170 

112.7 

30 

2.09 

100 

19.95 

180 

139.4 

32 

2.13 

110 

26.4 

190 

171.0 

40 

2.87 

120 

34.4 

200 

208,3 

60 

4.11 

130 

44,5 

210 

252.1 

60 

5.79 

140 

56.9 

212 

261.7 

TO 

8,02 

150 

72.0 

There  are  two  general  methods  of  securing  the  draft  necessary  in 
order  that  moisture-laden  air  may  be  displaced  with  fresh  air.  The  one 
depends  upon  the  principle  that  heated  air  will  rise,  and,  if  led  into  a  tall 
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flue  or  chimney,  will  create  a  suction  aufiBcient  to  draw  in  fr^  air.  The 
fresh  air  in  this  method  is,  of  course,  admitted  below  the  material  to 
be  ^ried.  In  flowing  upward  it  will  absorb  the  moisture  from  its  sur- 
faces. This  method  usually  does  not  permit  the  air  to  take  up  its  full 
moisture  capacity  and  is  therefore  wasteful  of  heat;  nor  does  it  permit  of 
the  advantages  obtained  from  recirculating  as  does  the  other  method, 
namely  that  employing  fans  or  air  pumps.  The  quantity  of  beat 
wasted  by  the  former  method  is  reahzed  when  we  consider  that  the  air 
is  displaced  in  most  rapid  drying  operations  about  six  hundred  times  per 
hour.  On  the  other  band  the  second  process,  while  saving  considerable 
heat,  is  charged  up  with  the  operation  of  a  fan  or  an  air  pump.  Where 
there  is  no  available  source  of  power,  flue  draft  become  necessary. 
Where  moist  ("  humidified  ")  air  is  employed — and,  to  secure  the  beat 
results,  humidity  is  necessary — there  is  a  further  waste  of  heat,  as  the 
latent  heat  of  vaporization  of  the  contained  water  ^so  becomes  a  factor. 
Here  "  recirculation  "  of  the  air,  which  provides  for  the  use  of  practically 
its  full  moisture  capacity,  makes  an  additional  saving,  which  is  further 
augmented  by  the  econ<nny  of  humidifying  with  the  moisture  evaporated 
from  the  food  itself. 

Humidified  air  keeps  the  exposed  surfaces  of  the  food  soft  and  permeable 
and  thus  permits-  of  the  easy  escape  of  the  internal  moisture.  Warm, 
dry  air  hardens  the  surface  and  retards  the  process.  A  much  higher  beat 
will  be  required  to  remove  the  moisture  within,  leaving  a  product  inferior 
in  both  flavor  and  appearance,  and  often  incompletely  dehydrated.  As 
the  material  becomes  drier,  the  tendency  for  it  to  become  scorched  in- 
creases; dry  air  and  this  higher  temperature  are  almost  certain  to  pro- 
duce a  highly  undesirable  result. 

To  measure  the  moisture  (humidity)  contained  in  the  air,  the  ordi- 
nary hygrometer  is  employed.  The  hygrometer  usually  consists  of  two 
thermometers,  one  with  dry  bulb  exposed,  and  ^e  other  having  its  bulb 
coated  with  a  film  of  water,  by  means  of  a  wick  dipping  into  water  and 
delivering  to  a  hood,  usually  of  silk,  fitted  on  to  the  bulb.  The  evapora- 
tion on  the  bulb  lowers  the  reading  of  the  latter  and  this  rate  of  evaporation 
is  dependent  on  the  dryness  of  the  air.  The  humidity  is  obtained  from 
tables,  in  accordance  with  the  dry  and  wet  bulb  readings.  A  "  Hygro- 
deik,"  ib  addition  to  both  thennometers,  is  supplied  with  a  dial  having 
affixed  intersecting  curves  for  dry  and  wet  bulb  reading  respectively, 
by  means  of  which  the  thermometer  readings  are  interpreted  into  terms  of 
humidity  directly,  without  the  use  of  tables. 

There  are  several  automatic  humidity-controlling  devices  on  the  market, 
They  can  be  employed  on  any  system  of  drying  where  humid  air  is 
required. 

Thermostatic  temperature  controllers  are  also  obtainable  and,  to  insure 
success,  the  temperature  should  be  under  control  at  all  stages  of  the 
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VacQum  Drying  Advantages  and  Practicabili^.  Vacuum  equipment 
is  usually  very  costly  and  should  therefore  only  be  employed  where  the 
best  air-dryiDg  methods  faU.  A  very  good  product  results,  however,  and 
in  the  case  of  substances  which  would  be  either  decomposed  chemically  or 
have  their  physical  state  altered  by  subjection  to  the  relatively  higher 
temperatures  needed  in  air  drying,  it  is,  of  course,  the  only  feasible  method. 
The  possibility  of  chemical  change  by  exposure  to  the  air  is  also  avoided 
when  removing  moisture  under  vacuum. 

The  practice,  as  is  quite  generally  understood,  depends  upon  the  prin- 
ciple that  water  will  vaporize  at  decreased  temperature  when  exposed  to 
a  vacuum,  as  shown  by  the  following  table: 

BOILING-POINTS  OF  WATER  AT  DIFFERENT  VACUA 


V.ouum  Inch« 

olMmuiy, 

F.hmiheit. 

756 

29.74 

0.0 

32. 

754 

20.67 

4.4 

40. 

751 

29.56 

10. 

SO. 

747 

29.40 

15.6 

60. 

741 

29.18 

21.1 

70. 

734 

2o.sg 

26.7 

80. 

724 

28.50 

32.2 

90. 

712 

28.00 

37.8 

100. 

708 

27.88 

38.7 

101.83 

657 

25.86 

82.3 

126.15 

605 

23.81 

60. 8' 

141.52 

553 

21.78 

67.2 

153.01 

502 

19.74 

72.5 

162.28 

450 

17.70 

76,8 

170,06 

398 

15.67 

80.5 

176.85 

346 

13.63 

83.7 

182.86 

295 

11.80 

86,75 

188,27 

243 

9.56 

89.5 

193.22 

191 

7,52 

91.9 

197.75 

139 

G.49 

94.3 

201.96 

88 

3.45 

96.8 

205.87 

38 

l.« 

98.5 

209.65 

0 

0.00 

100. 

212. 

Consensus  of  opinion  points  to  the  conclusion  that  it  is  unnecessary 
to  employ  vacuum  driers  to  dehydrate  fruit  and  vegetables,  as  excellent 
results  are  obtainable  by  heated-air  methods.  This  is  in  accord  with  the 
author's  own  experience. 

Preparation  of  Fruits  and  Vegetables  for  Drying.  As  the  cutting  of 
the  material  greatly  decreases  the  time  of  dtying  by  providing  larger  drying 
surface,  and  as  it  is  advisable,  wherever  convenient,  to  remove  inedible 
parts,  it  tias  become  customary  to  peel,  core,  or  remove  the  pits  and 
seeds  from  most  fruits  and  vegetables  before  dehydrating. 

The  material  after  slicing,  shredding,  or  crushing,  is  usually  steamed  or 
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"  blaoched  "  for  one-half  to  fifteen  minutes  by  exposure  to  live  steam  ia 
a  suitable  chamber.  This  is  necessary  for  many  of  the  vegetables  in 
order  to  prevent  future  activity  of  the  enzymes  present.  The  variatioD 
of  time  is  dependent  upon  the  consistency  of  the  material.  Two  further 
objects  are  accomplished  by  blanchii^:  the  color  is  usually  "  set,"  and 
changes  caused  by  the  oxygen  of  the  air;   thus  surface  discoloration  of 


Fia.  375.— Slicing  Machine. 

apples  and  potatoes  is  prevented.  "  Sulphuring "  is  quite  generally 
resorted  to  in  the  "  evaporated  "  fruit  industry.  This  is  accomplished  by 
conveying  the  material,  usually  after  peeling,  through  a  chamber  in  which 
sulphiu*  is  burned.  This  machine  is  called  a  "  bleacher,"  and  in  it  fruit 
is  exposed  to  the  fumes  for  about  three-quarters  of  an  hour. 

With  greens  the  sulphur  is  often  burned  directly  in  the  kiln. 

There  is  much  doubt  in  regard  to  the  unobjectionable  qualities  of 
sulphites  in  food  and,  until  definite  decision  is  arrived  at,  a  quantity  of 
350  milligrams  per  kilogram  of  food  has  been  tentatively  suggested  as  an 
upper  limit. 

Some  fruits,  such  as  plums  and  grapes  producing  respectively,  when 
dried,  prunes  and  raisins,  are  dipped  into  boiling  water  or  alkali  in  orda 
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to  crack  the  skins — baking  soda  (in  proportion  of  1  pound  to  10  gallons  of 
water)  is  least  objectionable.    The  alkali  should  then  be  washed  away. 
Mechanical  perforation  is  aom^ 
times  employed. 

Dipping  the  sliced  fruit  in 
weak  solutions  of  salt,  acetio 
acid,  or  citric  acid,  while  serving 
to  prevent  discoloration  during 
drying,  is  open  to  the  objection 
that  sotuable  nutrients  are  lost 
by  this  treatment.  Peeling  as 
well  as  cutting  the  fruit  is  done 

by  machinery  wherever  possible.       j^„  376.-Autom»tio  Parer  and  Corer. 
Knife  or  abrasive  peeleis  (Fig. 

376),  and  corers,  lai^  and  small,  are  available  as  are  also  a  variety  of 
mechanical  sheers  (Fig.  375),  and  cutters.  Better  understanding  of  the 
chemistry  of  nutrition  points  to  the  desirability  of  Jeaving  the  skins  on  the 
products  and  merely  subjecting  the  fruits  and  vegetables  to  thorough 


Technique  of  Diying.  Temperatures  Emplc^ed.  Judging  die  Prod- 
uct and  its  Moisture  Content.  Packing,  Reconstituting,  or  Rel^drating. 
Tiie  range  of  temperature  employed'  in  evaporating  or  dehydrating  fniita 
is  between  100  to  180°  F.  Some  operators  nse  tlie  lower  limit  at  the 
beginning  of  the  process,  gradually  raising  the  temperature  as  the  drying 
progresses.  The  time  of  dehydration  varies  from  one  to  five  hours  in 
driers  employing  mechanical  draft,  whereas  those  depending  on  natural 
draft  take  from  five  to  twenty-four  hours,  depending  upon  the  product — 
the  lower  limita  for  greens  and  leaves,  the  higher  for  tubers  and  roots. 

"  Evaporated  "  products  usually  are  incompletely  dried  and  contain 
from  12  to  26  per  cent  by  weight  of  water.  Dehydrated  products  should 
be  completely  dried.  They  rarely  contain  over  2  to  3  per  cent  of  moisture. 
The  loss  in  moisture  can  be  determined  by  weighing  during  the  process; 
and  reference  to  the  table  of  normal  moisture  contents  will  aid  in  determiQ- 
ing  the  progress  at  any  time.  The  operator  will  soon  bectnne  experienced 
enough  to  judge  by  the  feel  of  the  product. 

In  evaporating,  the  material  should  be  removed  from  the  drier  when 
it  still  contains  slightly  more  moisture  than  desired  in  the  finished 
product.  During  the  "  curing  "  the  surplus  moisture  evaporates.  The 
curing  process  consists  of  piling  the  fruit  coming  from  the  drier,  1  or  2 
feet  in  depth  in  a  dark  room  or  compartment  at  room  temperature  for  from 
two  to  six  weeks.  This  equahzes  the  moisture  in  the  product,  which  is 
then  ready  for  packing. 

In  dehydrating,  the  material  is  brought  down  to  a  lower  moisture  con- 
tent and  "  conditioning  "  takes  the  place  of  "  curing."  "  Conditioning  " 
consists  in  keeping  the  material  until  any  internally  inclosed  moisture 
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comes  to  the  surface,  which  may  be  r^noved  by  a  few  minutes  exposure 
in  the  drier.  48  hours  will  allow  any  internal  moistfire  to  come  to  the 
surface.  When  dehydrated  vegetables  or  fruits  are  to  be  used,  they  are 
reconstituted  by  simply  placing  them  in  water,  cool,  tepid,  or  boiling, 
depending  on  the  material,  which  is  then  ready  for  cooking.  Recon- 
stituting or  rehydratii^  requires  for  different  products  from  twen^ 
minutes  to  six  hours,  and  the  material  "  ccsnes  back  "  with  the  bright 
natural  color  and  goodly  flavor. 

MiciDscopic  exuninatidn  of  dehydrated  fruits  and  v^;etables  shows 
the  cellular  structure  to  be  intact.  As  the  material  in  dehydrating  is 
never  subjected  to  a  temperature  above  212°  F.,  it  is  evident  that  the 
food  value  is  not  affected. 

The  evaporated  product  is  packed  in  ordinary  paper-lined  wooden 
boxes,  whereas  the  dehydrated  product,  being  thoroughly  dried  and 
hygroscopic,  requires  moisture-proof  contfunere. 

Outline  <^  the  Plant  (see  Fig.  377).  Inasmuch  as  the  general  routine 
is  very  similar  in  all  fruit  and  vegetable  evaporating  plants,  and,  in  a 
general  way,  is  followed  out  in  dehydrating  plants,  description  of  an  apple 
evaporating  factory  will  serve  to  illustrate  the  chain  of  operations. 

(1)  is  the  platform  from  which  the  apples  are  delivered  into  the 
storage  bin  (2),  provided  with  a  floor  sloping  toward  the  sliding  door. 
The  fruit  as  required  is  permitted  to  fall  into  the  washing  tank  (3).  From 
here  a  conveyor  (4)  delivers  it  into  the  grader,  (5)  where  sorting  takes 
place.  Graders  are  fitted  with  cross  screens  of  different  meshes  (or  of  bars 
set  at  various  distances  apart  for  vegetables  like  string  beans)  to  separate 
the  fruit  or  vegetables  into  different  sises  as  desired.  The  raze  to  be  put 
through  first  is  delivered  on  to  the  conveyor  (7)  and  the  other  sizes  sorted 
into  and  set  aside  in  containers  (6).  Prom  the  conveyor  (7)  the  apples 
pass  into  the  storage-bin,  (8)  which  feeds  the  dehvery  tubes  (9)  leading  to 
the  peeling,  coring,  and  trimming  table  (10).  Three  power-peelers  and 
corers  (11)  are  here  shown,  which  discharge  the  peels  and  oores  onto  the 
conveyor  (12)  by  means  of  which  and  the  tube  (13)  they  are  transferred  to 
containers  in  the  basement.  When  peeled  and  cored  the  apples  drop  down 
on  the  inclined  surface  (to  the  right  of  the  peelers  in  the  illustration),  and 
here  the  operator,  after  removing  any  imperfections  with  a  knife,  places 
the  material  on  the  conveyor,  (14)  which  carries  it  into  the  bin  (15)  where 
it  is  picked  up  by  the  conveyor  (16)  and  delivered  into  the  "  bleacher  " 
(19).  The  bleacher  b  kept  full  of  sulphur  dioxide  fumes  by  burning  sul- 
phur in  the  chamber  (17),  and  the  apples  ase  slowly  carried  through  to  the 
tube  (21),  the  sulphur  vapors  being  drawn  up  and  out.  through  the  pipe  (20) 
by  means  of  the  draft  in  the  Sue  (31)  from  ihe  heater  (32).  From  the  tube 
(21)  the  bleached  apples  pass  through  the  slicer  (22)  and  are  then  either 
wheeled  or  conveyed  into  the  drier  (23).  The  type  of  drier  here  shown 
is  the  tjrpical  apple-evaporating  kiln  and  similar  to  kilns  used  for  drying 
hops.   The  sliced  fruit  is  spread  on  the  lattice  Boor.    The  moisture  is  carried 
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away  by  the  hot-air  currents.  After  being  drawn  in  through  the  openings 
(29)  and  (30),  around  that  part  of  the  building,  the  air  is  then  heated  by 
passing  the  "  hop-stove  "  (32)  and  around  the  flue  coils  (33)  and  passes 
out  through  the  ventilator  (28).  The  temperature  of  evaporation  is  con- 
trolled by  adjustable  dampers  at  (28),  The  fruit  is  spread  in  a  layer  4  to  6 
inches  deep,  and,  after  four  or  five  hours,  is  stirred,  more  and  more  fre- 
quently as  the  drying  progresses.  When  dry,  the  fruit  is  conveyed  to  the 
curing  chamber  (25)  and  then,  by  means  of  the  tube  (26)  to  the  packing 
tables.    The  spaces  on  both  sides  of  the  hopper,  indicated  by  (27),  are  used 


Fig.  377. 

to  Store  the  boxes  of  finished  product.  The  heater  (32),  indicated  by  the 
dotted  outline,  is  a  large  hop-stove  with  a  combustion  chamber  large 
enoi^h  to  admit  cord-wood.  The  hot  flues  (33)  carrj-ing  the  products 
of  combustion  into  the  air  by  means  of  the  pipe  (31)  are  first  conducted 
up  and  around  in  the  hopper-shaped,  air-beating  chamber  (34),  in  order 
to  increase  the  air-heating  efficiency. 

Scope  of  the  Industry.  The  development  of  improved  methods,  re- 
sulting in  the  production  of  dehydrated  fruits  and  vegetables,  is  of  such 
recent  origin  that  no  data  are  as  yet  available. 

The  evaporated  fruit  industry  being  of  longer  standing  furnishes  some 
interesting  figures,  when  we  take  into  account  the  possibilities  for  improv- 
ing this  product. 

In  1913,  1914,  and  1915  there  were  exported  from  the  United  States 
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159,000,000  pounds,  88,000,000  pounds,  and  128,000,000  pounds  r 
tlvely  of  various  evaporated  fruits,  not  inciuding  raisins,  which  are  pro- 
duced in  immense  quantities.  To  illustrate,  the  quantity  consumed  in 
the  United  States  in  1909  was  over  200,000,000  pounds  of  evaporated 
fruits. 

About  80  per  cent  of  all  the  evaporated  fruit  comes  from  California, 
where  enormous  quantities  of  hops  are  also  dried. 

Condensed  and  Evaporated  Milk.  Milk  Powder.  The  following 
definitions  apply  to  these  products: 

Condensed  Milk.  This  term  is  invariably  apphed  to  milk  partially 
dehydrated  and  p:-e9erved  with  cane  sugar.  It  is  made  from  whole  milk 
or  from  partially  or  wholly  skimmed  milk  according  to  requirements. 
Condensed  whole  milk  is  composed  of  about  32  per  cent  of  milk  eolida 
and  41  per  cent  of  added  cane  sugar,  the  balance,  17  per  cent,  being  water. 

Condensed  skimmed  milk  is  of  about  the  same  consistency  but  contains 
not  more  than  1  per  cent  of  butter  fat.  Plain  condensed  milk,  in  trade 
circles,  is  understood  to  apply  to  milk  that  is  concentrated  and  sold  in 
bulk  without  the  addition  of  cane  sugar.  Plain  condensed  milk  actually 
is  evaporated  milk  brought  down  to  a  higher  degree  of  concentration. 

Evaporqted  MiJk.  This  is  normal  milk  which  has  been  reduced  to  one- 
half  of  its  original  bulk.  It  contains  about  25  per  cent  of  milk  solid?. 
This  product  was  formerly  labeled  "  evaporated  cream,"  but  the  Pure  Food 
Laws  prohibiting  misbranding  stopped  this  misleading  practice. 

Whole  Milk  Powder.  This  is  the  entire  milk  which  has  had  practically 
all  of  ita  moisture  removed.  It  consists  of  about  r07  to  98  per  cent  milk 
solids,  the  remaining  2  or  3  per  cent  being  moisture. 

Wlu^  Skimmed  Milk  Powder.  This  is  made  by  concentrating  skimmed 
milk  down  to  the  solid  state.  It  contains  between  3  and  5  per  cent  of 
moisture. 

Like  vegetables  and  fruits,  the  nutritional  principles  of  milk  are 
greatly  diluted  with  water,  which,  while  necessary  from  a  physiological 
standpoint,  yet  makes  the  food  expensive  to  transporii  and  to  store.  There 
is  about  88  per  cent  of  water  in  normal  milk,  which,  in  addition  to  its  weight, 
also  is  objectionable  in  that  it  renders  the  fluid  especially  susceptible  to 
contamination. 

The  dehydration  of  cow's  milk,  partial  or  complete,  produces,  in  the 
former  case,  the  condensed  and  evaporated  milks  so  familiar  to  us  all. 
In  the  latter,  the  dried  milk  is  either  sold  as  milk  powder,  or,  when 
mixed  with  powdered  malt  principles,  as  malted  milk. 

The  removal  of  moisture  from  cow's  milk  dates  back  to  the  year  1800. 
In  1856,  an  American,  Gail  Borden,  succeeded  in  manufacturing  condensed 
milk  on  a  lat^  scale  in  his  factory  at  Wolcottville,  Conn.  Five  years 
later  this  new  industry  received  great  stimulus  through  the  demand  for 
concentrated  foods  created  by  the  Civil  War. 

The  condensing  processes  have  gradually  been  perfected  to  such  an 
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extent  that  it  is  even  possible  to  remove  practically  all  the  water  of  the 
fluid  milk,  leaving  a  dry  powder  of  excellent  keeping  qualities  and  taste. 
When  redissolved  in  water  this  product  is  practically  simitar  to  that  of 
fresh'  pasteurized  milk.  The  reduction  in  bulk,  as  effected  in  the  various 
concentrated  milks,  ranges  between  one-half  and  seven-eighths  of  the 
original  volume. 

To  produce  a  good  quality  of  condensed  milk  the  fresh  fluid  naturally 
must  be  of  superior  quality.  It  is  necessary  that  the  milk  condensery 
should  controt  uid  supervise  production;  sanitary  conditions  on  the  dairy 
farms  should  be  insisted  upon,  and  milk  should  be  bandied  with  the  great- 
eat  care.  NO'  feed  which  will  impart  its  flavor  to  the  milk  should  be 
given  to  the  cows,  as  the  flavor  will  be  developed  and  intensified  by  the 
concentration.  Bacteriological  examinations  should  be  made  r^pjlarly, 
and,  as  the  milk  is  purchased  on  the  fat  percent!^  basis,  all  deliveries 
of  milk  must  be  tested.  An  acidity  of  over  A  of  1  per  cent  of  lactic 
acid  may  prove  objectionable.  The  milk,  after  weighing,  is  poured  through 
a  lai^  strainer,  from  which  it  runs  directly  into  large  enameled  vats, 
equipped  with  stirrers.     This  room  is  kept  as  cool  as  possible. 

An  indifferent  quality  of  condensed  milk  may  be  made  by  forcing  hot 
air  throi^h  the  milk  kept  at  140°  F.  In  this  process  the  cream  is  usually 
separated  before  concentratii^,  uid,  after  concentration  of  the  skimmed 
milk  is  complete,  the  two  are  again  mixed  with  the  aid  of  a  homogeniser, 
subsequent  to  pasteurization. 

Milk  is  usually  condensed  in  vacuum  pans,  either  sin^e  or  double 
effect.  The  latter  is  the  more  economical,  the  second  pan  be^  heated  by 
the  water  vapors  from  the  milk  in  the  first  pan.  The  milk  is  run  from  the 
stMBge  tanks  into  the  hot  wells  where  it  is  brought  to  a  temperature  of 
about  150°  F.  It  is  then  delivered  into  vacuum-pan  evaporators,  where 
the  evaporation  is  continued  at  a  temperature  of  175°.  When  a  con- 
sistency indicated  by  Baum^  readings  of  10°  and  14°  respectively  for  whole 
and  skimmed  milk,  have  been  reached,  the  milk  is  superheated  by 
blowing  steam  through  it  in  the  vacuum  pan  until  it  thickens.  When 
sufficiently  thick  the  steam  is  shut  off  and  water  is  admitted  into  the  con- 
denser to  obtain  the  proper  conmstency.  The  product  is  then  subjected 
to  a  vacuum  of  about  26  inches  gradually.  The  vacuum  is  released  and 
the  milk  drawn  into  lO-gallon  cans  and  by  means  of  a  cooling  tank  ' 
brought  down  to  36°  P.;  finally  the  cold  water  in  the  coUs  of  the  cool- 
ing tank  is  displaced  with  brine  or  anmionia.  This  manipulation  is  said 
to  overcome  preciiHtation  or  crystallization  in  the  finished  product. 

Sweetened  condensed  milk,  made  from  whole  milk,  is  condensed  in  the 
proportion  of  four  to  one,  and  the  sugar  added  is  about  1  {wund  to  each 
3  quarts  of  milk  condensed.  The  sugar  is  either  dissolved  separately  in 
a  small  quantity  of  hot  mjik  or  hot  water  and  gradually  added  to  the  milk 
in  the  vacuum  pan,  or  it  may  be  dissolved  in  a  small  amount  of  wana 
fluid  milk  and  run  into  the  product  after  rondensiilg. 
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Fartly  skimmed  milk,  or  all  skimmed  condensed  milk,  receives  1  pound 
of  sugar  for  each  four  quarts  of  skimmed  milk  to  be  condensed.  It  is 
used  principally  by  bakers  and  confectioners. 

Evaporated  milk  is  condensed  in  the  vacuum  pan  until  the  desired  con- 
sistency is  obtained;  it  is  then  quickly  cooled  to  about  60°  F.  and  put  into 
cans  and  sealed.  The  cans  are  placed  in  sterilizers  where  they  are  heated 
to  about  240°  F.,  during  constant  agitation,  for  eighteen  to  forty- five 
minutes,  depending  principally  upon  the  size  of  the  can.  Aft«r  steriUzar 
tion  the  cans  are  immediately  cooled  and  placed  in  a  shaking  machine- 
where  agitation  is  continued  until  the  product  is  perfectly  smooth. 

For  the  manufsicture  of  condensed  milk  the  equipment  required  con- 
siste  of  a  boiler,  engine,  scales  and  weighing  can,  receiving  vats,  milk 
heater,  hot  wells,  vacuum  pan  and  condenser,  vacuum  pump,  cooling 
tank,  and  cans. 

In  condensing  skimmed  milk  there  are  required,  in  addition  to  the 
above,  a  separator,  vats,  pasteurizers,  and  coolers  for  handling  the  cream. 

Manufacturers  of  sweetened  condensed  milk,  on  the  other  hand,  could 
get  along  with  the  same  equipment  as  is  used  in  a  plant  making  plain 
condensed  milk,  or,  in  the  event  of  adding  sugar  before  condensing,  a 
separate  tank  in  which  to  dissolve  it  would  be  needed.  If  the  products 
are  to  be  canned,  machines  for  filling  and  sealing  cans  would  be  needed; 
where  cans  are  not  purchased  from  outside  can  manufacturers,  machines 
for  making  them  would  also  be  necessary.  Evaporated  milk  manufacture 
requires  a  tubular  cooler  in  place  of  the  coolii^  tank;  also  a  sterilizer, 
and  a  shakii^  machine. 

Scope  of  the  Industry.  In  1910  there  were  over  300  mUk-condensii^ 
plants  in  the  United  States  located  in  twenty-four  different  Stat«s.  These 
plants  had  a  capacity  of  over  15,000,000  pounds  of  milk  daily,  and  repre- 
sented an  investment  of  more  than  $15,000,000  in  buildings  and  equips 
ment  alone. 

Dehydrated  Milk  or  Milk  Powder.  This  product  is  of  comparatively 
recent  introduction  and  has  only  of  very  late  years  been  brought  to  that 
hi^  state  of  perfection  where  the  original  properties  and  complete  solu- 
bility are  retained.  The  first  descriptions  of  dehydration  processes  for 
milk  were  published  about  1900. 

Due  to  the  difficulty  of  preventing  the  fat  from  becoming  rancid, 
until  very  recently,  the  entire  amount  of  milk  powder  manufactured  was 
made  from  skimmed  milk.  About  9  pounds  of  dehydrated  skinmied  milk 
powder  b  obtained  from  100  pounds  of  whole  milk.  3J  pounds  of  butto* 
fat  are  also  obtained  at  the  same  time. 

Like  most  dehydrated  products  milk  powder  is  hygroscopic  and  must 
therefore  be  packed  moisture-proof  and  kept  in  a  dry,  cool  place. 

Dehydrated  milk  possesses  all  the  valuable  properties  of  fresh,  sweet 
milk,  and  it  can  be  used  in  the  dry  form  by  bakers  and  confectioners  or 
it  may  be  brought  back  to  ite  original  liquid  state  by  adding  -  an  amount 
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of  water  that  has  been  extracted  from  it.  There  are  two  general  methods 
of  producing  dehydrated  milk.  One  method,  less  frequently  employed, 
consists  in  spraying  the  milk  into  a  hot^ir  chamber.  The  solid  particles 
striking  against  a  screen  separate  the  dry  powder  from  the  moisture-ladea 
air.  A  second  method,  more  generally  used,  consists  in  spreading  the 
milk  on  a  revolving,  internally  heated  cylinder,  the  adhering  fihn,  drying 
in  a  little  less  than  one  revolution  of  the  cylinder,  is  scraped  off  in 
sheets.  Before  it  is  delivered  to  the  cylinder  dryer,  the  milk  is  usually 
partly  condensed  in  vacuum  pans. 

The  following  brief  descriptions  will  illustrate  the  modifications  of  the 
above  methods  as  used  in  several  successful  systems: 

In  the  Past^urg  System  the  cold  milk  is  fed  on  to  a  large  iron  cylinder, 
internally  heated,  and  revolving  in  a  vacuum  chamber.  After  comple- 
tion of  nearly  one  revolution,  the  milk  has  been  completely  dried  and  is 
scraped  o£F  in  sheets.  This  product  is  then  ground  and  bolted  in  exactly 
the  same  manner  as  employed  in  grinding  flour  from  cereals. 

The  Ekenberg  System  provides  for  thd  separation  of  the  fat  from  the 
milk.  This  cream  is  promptly  pasteurized  and  cooled.  Where  it  is  de- 
sired to  prepare  whole  milk  powder,  the  cream  is  kept  in  insulated  vats 
at  a  low  temperature  secured  by  brine  coils,  and  is  reunited  with  the 
dehydrated  skimmed  milk  powder. 

The  skimmed  milk  powder  is  produced  by  allowing  the  fluid  milk, 
to  flow  into  so-called  exsiccators.  Briefly,  these  are  large  vacuum  cham- 
bers in  which  a  very  large  revolving  cylinder  is  contained.  The  products 
chamber,  connected  with  the  vacuum  chamber,  is  provided  with  a  series 
of  gates  so  as  to  allow  the  removal  of  the  dehydrated  milk.  This  prod- 
ucts chamber  together  with  a  milk  chiunber  (also  attached  to  the 
vacuum  chunber),  as  well  as  a  condenser  to  remove  the  evaporated  mois- 
ture, are  all  kept  under  a  constant  vacuum.  The  milk  is  spread  upon  the 
revolving  cylinder  and  is  dehydrated  at  a  temperature  ru«ly  exceeding 
110°  F.  and  under  a  very  high  vacuum.  After  being  scraped  from  the 
cylinder  the  dried  film  of  milk  is  delivered  to  the  products  chamber,  from  ' 
which  it  is  removed  and  placed  in  a  heated  compartment.  Here  the  last 
traces  of  moisture  are  removed  at  a  temperature  of  90°  F.  It  is  then 
ground  into  a  very  fine  powder  by  means  of  water-cooled  mills.  This 
process  produces  a  superior  quality  of  dehydrated  milk. 

Another  vacuum  process  is  carried  out  as  follows:  The  fluid  milk,  after 
removal  of  the  cream,  is  evaporated  in  vacuum  pan  evaporators  to  a 
consistency  of  about  40  per  cent  of  total  milk  solids  and  at  a  tempera- 
ture between  135  and  138°  F.  Single-  or  double-e£Fect  evaporators  are 
employed,  the  latter  being  more  economical  in  operation.  The  milk  is 
then  held  in  storage  tanks  from  which  it  is  fed  into  vacuum  cylinder  dryers, 
where  it  is  dried  on  revolving  cylinders  internally  heated  by  steam,  the 
temperature  not  exceeding  138°  F.  By  a  special  mechanical  device  the 
milk  is  spread  in  a  thin  film  on  to  the  surface  of  the  heated  cylinder 
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surroimded  by  a  vacuum  of  2S  inches  or  more.  The  milk  is  dried  during 
one  revolution  and  is  scraped  off  in  the  form  of  flakes,  which  are  then 
ground  and  bolted.  The  milk  produced  by  this  process  is  said  to  be  so 
soluble  that  it  will  dissolve  perfectly  even  in  ice  water. 

The  Stauf  System,  devised  by  Robert  Stauf  of  Posen,  Germany,  is 
typical  of  several  of  its  kind  now  employed  commercially  in  the  United 
States,  and  consists  in  atomizing  the  milk  in  regulated  currents  of  hot  air. 
The  amount  of  air  and  heat  is  so  adjusted  as  to  completely  absorb  the 
moisture  of  the  fluid  milk,  and  the  resulting  dehydrated  product  is  sepa- 
rated from  the  moisture  laden  air  by  means  of  a  screen.  This  product  does 
not  require  grinding.  Where  systems  of  this  kind  are  employed  it  is 
frequently  customary  to  reduce  the  milk  in  vacuum  pans  to  about  one- 
fifth  of  its  volume. 

In  the  Just  System,  milk  is  spread  on  the  surface  of  two  in\^rBely 
revofving  cylinders,  heated  internally  with  steam  at  a  pressure  of  about  45 
pounds  to  the  sqiiare  inch.  The  film  of  milk  is  very  thin,  and  at  this  tem- 
perature, considerably  above  the  boiling-point  of  water,  the  milk  is  quickly 
evaporated.  The  cylinders  revolve  with  a  speed  of  about  six  revolutions 
per  minute  and  are  surrounded  by  a  current  of  air,  produced  by  a  fan  ex- 
hauster placed  in  the  exhaust  flues.  The  dehydrated  milk  is  scraped  from 
the  cylinders  by  knives  held  in  contact  with  the  sm^ace.  The  flakes  are 
ground,  and,  after  cooling,  are  ready  for  packing. 

Hie  Campb^  System  depends  for  its  results  upon  the  principle  of  forc- 
ing warm,  sterilized  air  up  through  the  milk  to  be  condensed.  These  con- 
centrators are  usually  rectangular  in  shape  and  are  equipped  with  coils  in 
the  interior,  as  well  as  a  drculating  medium  of  hot  water  surrounding 
.  their  exterior.  The  escaping  air  thoroughly  agitates  the  milk,  imparting  to 
it  a  rolling  motion  producing  fairly  rapid  evaporation.  As  the  concentra- 
tion increases,  the  temperature  is  decreased.  When  the  product  has  been 
reduced  to  a  pasty  consistency,  the  opening  of  a  gate  valve  allows  the 
mass  to  iM  into  lai^  roller  drums  located  on  the  floor  below.  These 
drums  are  usually  tin  plated  and  have  cone-shaped  ends.  The  revolving 
drum  carries  the  mass  up  to  the  top  from  whence  it  drops  down  to  the 
bottom.  A  blast  of  heated  air  passing  through  the  drum  vaporizes  and 
carries  off  the  moisture  in  the  droppii^  particles.  As  the  paste  becomes 
drier,  ite  weight  causes  it  to  move  and  twist  unequally,  thus  breaking 
it  up  into  smaller  particles.  These  are  then  conveyed  to  the  dryer  drums 
where  the  dehydration  is  completed.  These  dryer  drums  are  equipped 
with  a  central  shaft  and  lateral  arms  extending  down  into  the  mass. 
Sterilized  air  is  forced  through  the  shaft  and  arms  and  a  constant  rolling 
of  the  drum  completely  exposes  the  material  to  the  hot  air  currents.  When 
thoroughly  dry,  the  lumps  are  conveyed  to  a  grinder,  where  they  are  re- 
duced to  a  coarse  powder. 

Scope  of  Hie  Dehydrated  Milk  Industry.  In  1910  there  were  approxi- 
mately 8,500,000  pounds  of  dehydrated  milk  produced  by  ten  factories 
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in  the  United  States,  located  in  five  Rtates,  namely,  Vermont,  New  Jersey, 
New  York,  Michigan,  and  California.  Indications  are,  owii^  to  the  demand 
for  dried  milk  created  by  tlie  steady  increase  in  the  price  of  the  fluid- 
milk  supply  in  our  lai^T  cities  (as  well  as  war  needs),  that  by  1920  the  out^ 
put  of  dehydrated  milk  plants  will  have  at  le-ast  more  than  quadrupled. 
The  process  of  dehydration,  when  worked  on  a  large  scale,  is  inexpensive, 
and  the  ease  with  which  the  product  can  be  handled  and  stored  as  well  as 
shipped,  will  many  times  offset  the  cost  of  the  process  and  provide  for  the 
city  dweller  a  reasonably  priced  and  highly  nutritious  food. 

Dehydrated  Eggs  or  Egg  Powder.  In  accordance  with  the  use  to  which 
the  product  is  to  be  put,  eggs  are  either  dried  whole  or  the  yolks  and  whites 
are  dried  separately.  Dehydrated  whites  of  eggs  are  known  in  the  trade 
as  e^  albumen,  and  the-  yolks  as  dried  egg  yolk.  The  whole  dried  egg  is 
known  as  egg  powder.  A  simple  method  of  drying  ^gs,  but  having  many 
objectionable  features,  cODsists  in  spreading  the  thoroughly  agitated 
liquid  egg  mass  in  a  thin  layer  on  a  copper  cloth  belt.  This  conveyor 
belt  is  usually  enclosed  in  a  drying  chamber  through  which  warm  air 
cm-rents  are  dischai^^  from  a  fan  blower.  At  the  best  this  process  is  not 
very  rapid  and  the  product  obtained  is  not  very  good. 

A  superior,  product,  possessing  excellent  powers  of  solubility,  is  obtfun- 
able  by  employing  vacuum  drum  dryers  similar  to  those  employed  in 
dehydrating  milk.  After  beii^  broken  Up,  the  e^  mass  is  thoroughly 
agitated  and  then  spread  upon  the  surface  of  the  revolving  drum.  As  the 
temperature  o!  evaporation  must  be  kept  very  low  in  order  to  prevent  the 
coi^ulation  of  the  egg  proteins,  a  high  vacuum  is  applied.  The  tem- 
perature employed  is  about  110°  F.,  hot  water  being  used  as  a  heating 
-medium.  The  film  of  dehydrated  e^  upon  being  scraped  off  is  then  re- 
duced either  to  the  size  of  rice  grains  ("  rioed  "),  or  to  a  jwwder  more  or 
less  fine. 

Dehydrated  V^etable  Extracts.  Plant  extracts,  such  as  those  of  coffee 
and  of  vegetables,  particularly  soup  vegetables,  as  well  as  meat  extracts, 
are  invariably  reduced  to  dryness  by  means  of  drum  or  cylinder  vacuum 
evaporators.  Familiar  staples  on  the  market  are  soluble  coSees,  bouillon 
cubes,  soup  cubes,  with  or  without  dehydrated  vegetables,  beef  extract 
and  the  like.  So-called  bouillon  cubes  have  been  found  on  the  market 
principally  composed  of  common  salt  to  an  extent  of  about  75  per  cent 
of  their  weight.  In  fact,  from  a  standpoint  of  nutrition,  &  bouillon  cube 
which  contains  none  of  the  fat  from  the  meat  possesses  practically  no 
nourishment  whatever.  The  meat  extractives  are  merely  stimulating 
physiologically,  but  can  be  made  nourishing  by  combination  with  vege- 
table extractives. 

Dried  Fl^.  This  is  a  product  compaj^ble  to  evaporated  fruit  or 
milk,  but  having  had  only  about  one-half  of  its  original  moisture  re- 
moved. The  process  of  drying  fish  is  known  as  "  curing  "  and  is  efifected 
by  spreading  the  fish  on  so-called  flakes.    The  flake  consists  of  a  lattice 
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bed  about  8  feet  wide  and  30  iDches  high,  and  of  a  lengUi  to  suit  require- 
ments. The  lattice  used  on  this  bed  is  made  of  triangular  stripe  1  inch 
on  the  base,  and  these  are  placed  about  3  inches  apart.  The  fish,  therefore, 
rest  upon  the  sharp  edge  about  every  4  inches.  This  ia  for  the  purpose  <^ 
giving  a  maximum  circulation  of  air  about  the  fish.  A  second  shelf  or 
"  deck  "  is  often  provided,  the  space  between  decks  being  about  18  inches. 

After  dressing  and  removing  the  bones  and  skin,  the  first  stage  of  the 
drying  is  effected  by  "  pickling  "  with  salt.  The  fiah  are  carefully  placed 
in  large  hogsheads  with  the  face  (spUt  surface)  side  up,  excepting  the 
last  two  or  three  layers.  Each  layer  is  completely  covered  with  salt  and 
the  piling  is  usually  continued  about  8  inches  above  the  level  of  the  butt 
or  hogshead  to  allow  for  settling.  By  this  arrangement  the  moisture  is 
drawn  out  oi  the  fish,  and,  together  with  the  salt,  .forms  a  pickling  fluid  in 
which  the  fish  are  left  until  convenient  to  spread  on  the  flakes  for  the 
second  and  final  stage  of  the  drying. 

The  loss  in  weight  from  salting  is  about  40  per  cent  of  the  dressed  weight 
or  17  per  cent  of  the  live  weight.  The  fish  will  keep  indefinitely  in  the 
strong  brine  of  the  pickle  so  long  as  they  are  completely  covered.  As 
there  is  shght  leakage,  pickle  must  be  added  occasionally  to  make  up  for 
this  loss.  This  part  of  the  process  requires  about  ten  days  fpr  its  comple- 
tion. 

The  fish  are  then  taken  out  and  stacked  in  a  kench  to  drain  off  part  of 
the  brine.  As  soon  as  favorable  weather  obtains  and  the  pickle  brine  has 
drained  off  fairly  well,  the  fish  are  transferred  to  the  drying  flakes  as 
described  above.  If  the  sun  is  fauly  warm  and  there  is  a  good  breese,  the 
process  can  be  accomplished  in  about  twelve  hours.  To  "  hard  dry  "  the 
fish  it  is  necessary  to  remove  it  from  the  flakes  and  pile  it  in  a  kench  to 
be  "  sweated."  The  salt  ctTstallized  on  the  surface  of  the  fiah  while  ex- 
posed on  the  flakes  draws  out  the  moisture  from  the  interior,  so  that  the 
second  drying  on  the  flakes  has  a  greater  effect.  This  is  a  comparatively 
crude  process  of  drying  .and  in  the  light  of  recent  knowledge  there  is  a 
great  deal  of  room  for  improvement. 

Utilizatioa  of  Waste  from  Dehydrating  and  Ev^torating  Plants. 
Kabak  has  shown  that  oils  can  be  obtained  from  kernels  and  seeds  of 
various  fruits. 

Cores  and  peelings  from  various  fruits  can  be  used  in  vinegar  manufac- 
ture. For  each  ton  of  these  trimminp  there  will  be  obtained,  on  pressing, 
about  135  gallons  of  juice  for  such  purpose.  The  pomace,  after  pressing, 
makes  a  good  cattle  feed,  or  it  can  be  used  to  manufacture  concentrated 
pectin.  Pectin  is  a  jelly  making  principle  present  in  fruits  and  vegetables, 
and  the  concentrated  article  ia  used  in  jelly  factories.  The  egg  shells 
obtained  from  egg-powder  factories,  when  crushed,  can  be  used  as  a  source 
of  Ume  necessary  in  the  diet  of  egg-laying  hens. 

The  trimmings  obtained  when  drying  fish  make  an  excellent  fertilising 
material. 
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ARNOLD  WAHL 
WaU  IrutOuU  of  Food  ReMortA 


Deflnitioii.  Baking  as  generally  understood  is  the  art  and  indiutry 
of  preparit^  appetizing  and  healthful  food  products,  using  crushed  or 
finely  ground  cereals  as  the  principal  materials,  subjecting  the  same, 
suitably  prepared,  to  baking  in  a  hot  oven. 

Products.  To-day  many  are  the  products  resulting  from  bakii^,  a 
few  names  of  which  are  given  in  the  following  list: 

Bread.  (Water  bread,  milk  bread,  whole  wheat  bread,  bran  bread, 
rye  bread,  pmnpemickel  bread,  Swedish  knake  bread,  Boston  brown 
bread,  New  England  brown  bread,  potato  bread,  Indian  corn  bread.) 

RoUe.  (Parker  House  rolls,  French  rolls,  Swedish  rolls,  Vienna  rolls, 
sweet  rolls,  fruit  rolls.) 

Rusks.     (Zwiebach,  French  rusks.) 

Coffee  Cake.     (Tea  rings,  apple  cake.) 

Buns.     (Hot  cross  buns.) 

Muffins.  (Grilled  muffins,  hominy  muffins,  rice  muffins,  oatmeal 
muffins,  imperial  muffins.) 

Biscuits.  (Baking  powder  biscuits,  soda  biscuits  scones,  tea  biscuits, 
fruit  biscuits,  rye  gems,  commeal  gems.) 

Cookies.  (Gingerbread,  sour-milk  gingerbread  molasses  gingerbread 
ginger  snaps,  molasses  bars,  spice  cookies.) 

Cake.  (Sponge  cake,  sunshine  cake,  moonshine  cake,  lady  fingers, 
jelly  rolls,  ^g  cake,  walnut  cake,  cup  cake,  cinnamon  cake,  devil  food 
cake,  banana  cake,  golden  com  cake,  angel  food  cake,  marble  cake,  gold 
cake,  silver  cake.) 

Wafers.  (Scotch  wafers,  vanilla  wafers,  almond  wafers,  rolled  wipers, 
oocoanut  wafers,  chocolate  wafers,  Nurembergs,  Swedish  wafers.) 

Pies.  (Cream  piea,  cocoanut  pies,  chocolate  pies,,  apple  pies,  peach 
pies.) 

FlouT-productUm  tuiU.  Hie  American  people  conmime  8,600,000,000  lbs.  of  wheat 
.  flour  and  1,000,000,000  lbs.  of  rye  flour,  aU  of  which  is  made  into  the  baked  products. 
1,000,000,000  lbs.  of  wheat  flour  is  made  into  fried  cakes,  waffles  and  griddle  cskee  and 
used  for  thickening  gravies.  A  very  small  amount  of  inferior  flour  is  used  for  foundry 
puqKwes  and  some  flour  ta  used  ia  the  preparation  of  q)ecial  medicinal  foods,  starchea, 
etc. 
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Consumptioa.  Hie  Amencaa  people  are  now  acnually  consuming 
nearly  10,000,000,000  lbs.  of  baked  producta,  of  which  5,700,000,000  lbs. 
is  wheat  bread;  1,000,000,000  lbs.  rye  bread;  900,000,000  lbs.  soda  bis- 
cuits; 350,000,000  lbs.  sponge  cake;  420,000,000  lbs.  rolls;  while  all  the 
other  baked  products  consumed  approximate  1,720,000,000  lbs.  Wheat 
bread  is  the  main  baked  product,  equaling  57  per  cent  of  the  total  weight 
of  all  products  cimsumed.  Rye  bread  represents  10  per  cent  of  the  total 
baked  products  consumed;  while  84  per  cent  of  the  total  flour  used  in 
baking  is  wheat  flour,  the  balance  being  rye  fiour,  com  flour,  barl^  flour, 
oats  flour,  rice  flour,  and  potato  flour. 

Handicraft     (Home  baking.)     Considerable  baking  is  done  by  the 

housewife  in  her  home  kitchen.     Nearly  one-half  of  the  baked  products 

'  consumed  are  made  there;   especially  is  this  true  in  the  rural  districts. 

Almost  every  variety  of  baked  products  are  made  in  the  home  (bread, 

rolls,  rusks,  coffee  cake,  muffins,  biscuits,  cookie's  and  cakes). 

Kitchen  equipment  consists  of  either  a  coal,  wood  or  gas  stove,  with 
oven  attachment,  pans,  bowls,  and  spoons.  Materials  of  all  kinds  are 
employed,  such  as  wheat  flour,  rye  flour,  special  flours,  sugar,  salt,  flavoring 
extracts,  various  kinds  of  yeast,  eggs,  nuts,  milk,  baking  powder. 

Method.  The  housewife  generally  bakes  according  to  her  own  judg- 
ment based  upon  experience  or  by  followii^  directions  in  a  cook  book  or 
advertising  literature.  Following  are  a  few  recipes  showing  proportion  of 
materials  used  and  description  <^  method  employed  to  obtain  the  various 
baked  products  in  an  ordinary  borne  kitchen: 

Whsat  Bread. 
8   cupe  flour  3    tableflpoona  sugar 

3  cupB  water  3    teaspoons  salt 

1  j  tablespoons  butter  i  yeast  cake  dissolved 

2  tablespoons  lard  i  cup  water 

Place  sugar,  salt,  butter  and  lard,  in  a  bowl  and  add  the  water.  Warm 
to  such  a  heat  that  it  will  be  lukewarm  when  mixed.  Then  add  yeast 
previously  dissolved.  Then  mix  in  fiour  and  knead  into  a  dough.  Place 
bowl  in  a  warm  place  and  cover  with  a  cloth.  Allow  to  rise  over  night, 
cut  down  with  a  knife,  allow  to  rise  for  one  or  two  hours  longer.  Shape 
into  loaves,  place  in  pans  and  allow  to  rise  in  a  warm  place.  When  dough 
has  about  doubled  in  volume  then  bake  in  a  hot  oven. 

Parker  Home  RolU. 

4  cups  flour  1}  teaspoons  of  salt 

)  cup  milk  ]  yeast  cake  dissolved  _ 

1)  teblespoons  su^r  )  cup  water 

Mix  ingredients  as  for  bread  dou^,  allow  to  rise  to  top  of  bowl.  Cut 
down  and  allow  to  rise  again,  cut  down  and  knead  dou^  qr  board.    Boll 
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out  and  cut  with  biscuit  cutter  and  shape  into  biscuibi.  Make  crease  in 
center  of  each  piece  with  knife  previously  dipped  in  flour. 

Sponge  Cake. 
2    cupe  flour  i  teaspoon  lemon  extract 

4  yollu  of  egff  2  whites  eggs 
2  cups  of  sugar  i  teaspoon  salt 
)  cup  milk  3  'teaspoooa  baking  powder 

Beat  yolks  thoroughly  and  add  the  sugar  and  continue  to  beat.  Then  add 
water,  lemon  extract,  whites  of  eggs  beaten  stiff,  thea  stir  in  flour  pre- 
viously mixed  with  baking  powder  and  si^t.  Bake  fifteen  to  twenty  min- 
utee  in  a  moderate  oven  in  a  buttered  pan. 

Baking  Industry.  About  one-half  of  the  baked  products  consumed 
are  made  in  bake  shops  or  factories  and  sold  to  the  people  for  profit.  The 
number  of  such  establishments  in  America  at  present  is  29,324,  repre- 
senting invested  capital  of  $1,100,000,000.  There  are  230,000  persons 
engf^ed  in  the  industry,  of  which  36,000  are  proprietors  and  firm  members, 
4000  salaried  officials,  superintendents  and  managers,  with  30,000  mate 
clerks,  150,000  wage  earners.  $10,000,000  is  annually  paid  to  oflicials; 
(20,000,000  is  uinually  paid  to  clerks;  (115,000,000  is  annually  paid 
to  wage  earners;  (14,000,000  rent  for  factory  space;  with  $4,500,000  paid 
to  taxes  and  internal  revenue  and  corporation  income;  with  $350,000,000 
annually  for  principal  materials;  $20,000,000  for  fuel  and  power;  while 
$100,000  is  expended  for  other  miscellaneous  expenses  of  manufacture. 
The  total  value  of  the  products  of  bake  shops  and  factories  is  (650,000,000 
annually,  thus  making  the  value  added  by  manufacture  of  the  total  mate* 
rial  of  baked  products  $300,000,000. 

Bakery  Shops.  Twenty-seven  thousand  one  hundred  and  twenty-four 
bakery  shops  produce  more  than  one-haK  of  the  baked  products  manu- 
factured. The  bake  shops  are  principally  operated  by  proprietois  employ- 
ing one  helper,  a  large  nimiber  of  women  proprietors  making  a  living  in 
this  way. 

The  equipment  of  the  shop  is  usually:  one  portable  oven  holding  from 
50  to  160  loaves  of  bread;  a  cake  machine  used  for  mixing  cake  batter; 
mixii^  bowls;  a  few  racks,  and  other  miscellaneous  equipment,  the  bake 
shop  usually  being  in  the  rear  of  the  building  and  the  products  sold  in 
the  front  by  the  owner  to  his  retiui  trade.  These  shops  bake  each  day 
from  I  to  3  barrels  of  Sour,  making  a  general  Une  of  baked  products,  usually 
bread,  coffee  cake,  layer  cakes,  sponge  cakes,  rolls,  biscuits  and  buns. 

Methods.  The  methods  employed  in  these  bakery  shops  are  usually 
according  to  the  experience  of  the  baker  or  proprietor. 

Bread  is  usually  made  using  practical  judgment  as  the  only  guide,  so 
that  when  a  dough  is  stiff  enough  no  more  flour  is  added,  or  when  the  baker 
considers  the  dough  ready  or  ripe  it  is  divided  and  molded  into  loaves. 
The  temperature  of  the  doi^h  is  gauged  by  feeling  with  the  hand.    Cake 
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and  other  mixes  are  similarly  thrown  together  according  to  judgment^ 
using  the  quart  measure  as  the  main  basis  of  figuring  amounts. 
Some  of  the  usual  mixes  and  methods  are  as  follows- 


Wlbo.  flour  100    Iba.  flour 

8  qts.  watts  6)  qts.  water 

1    lb.  y«BBt  1    lb.  12  oi.  yeaat 

12   01.  salt  li  Ibfl.  salt 

U  Uw.  nigar  2)  lbs.  sugu 

8   OS.  milk  powder  6   oi.  mflk  powder 
1    lb.  lard  or  compound  fat       1    lb.  laid  or  compound  fat 

The  yeaat,  salt,  sugar,  and  milk  are  dissolved  in  the  water,  and  the  0our 
worked  into  a  etifF  dough.  The  water  is  taken  at  such  a  temperature  as  to 
obtain  the  desired  temperature  of  dou^  (85°  F.  on  cold  days  in  a  cold 
shop,  79°  F.  on  a  warm  day  in  a  warm  shop,  81°  F.  being  the  beet  tem- 
perature to  maintain,  providing  the  dough  does  not  cod  off  or  warm  up 
to  outside  temperature).  The  dough  is  usually  placed  in  a  wooden  trough 
covered  with  a  board  or  sack,  and  is  allowed  to  expand  and  thus  rise  to  the 
top  of  the  trough  (usually  until  it  will  just  about  drop  of  Jts  own  weight), 
three  times,  when  it  is  cooudered  ready  and  in  a  conditicm  to  make  the 
best  bread. 

The  dough  when  first  mixed  is  tough  and  rubbery.  As  it  expands  in 
the  trough  (rises  and  gets  older)  it  gets  more  and  more  short  until  tbe  dough 
breaks  off  readily  instead  of  pulling  as  elastic.  When  a  d^nite  degree  of 
shortness  is  reached  it  Usually  gives  the  best  bread.  Too  great  an  age 
gives  coarse,  sour  bread,  too  Uttle  age  results  in  coarse,  tough  and  small- 
volumed  bread. 

TFAofc  Rye  Bread.  (Pumpernickel.)  ,  For  1  barrel  of  whole  rye  flour 
of  196  lb.,  about  90  lb.  of  water;  2}  to  4  lb.  suet;  about  2  lb.  cane  sugar; 
1  lb.  compressed  yeast.  The  dough  is  aerated  by  employing  sour  dough 
for  leavening,  the  leaven  being  daily  mixed  with  more  dough,  the  mass 
ripening  again  in  twenty-^our  hours,  or  over  night  to  more  leaven;  the 
process  being  kept  up  indeterminately  often  without  adding  yeast,  as  this 
develops  in  the  sour  dough. 

Mixed  Rye  Bread.  Generally  rye  flour  is  mixed  with  from  25  to  60 
per  cent  of  wheat  flour,  in  order  to  improve  color  and  aeration.  Naturally 
tbe  characteristic  quality  of  rye  bread  is  lost  with  a  lai^r  percentage  of 
admixture. 

Rolls.  The  same  material  as  for  wheat  bread  is  used,  with  larger  quan^ 
tities  of  milk  and  fat  shortening. 

Cake.  Wheat  flour  10  lb.  and  milk  or  water  5  lb.  or  in  the  proportion 
hke  wheat  bread;  butter  or  lard  2  lb.  per  10  tb.  of  flour;  egg^,  2  lb.;  a  little 
salt;  si^r,  2-3  lb.;  baking  powder,  2  oe.  or  less. 

Soda  Biscuits.    Wheat  flour  and  water;  salt  and  yeaat  are  mixed  aa 
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itt  the  manufacture  of  wheat  bread.  The  dough  U  allowed  to  fermeut  for 
about  twenty  hours,  in  order  to  break  down  the  gluten  of  the  wheat 
entirely.  During  this  prolonged  fermentation,  lactic  acid  acidity  develops, 
this  beii%  the  agency  to  break  down  the  gluten.  Now  a  sufficient  amount 
of  bicarbonate  of  soda  is  added  to  neutralize  the  acidity ;  at  the  same  time 
lactic  acid  and  the  bicarbonate  of  soda,  both  neutralizing  one  another,  bo 
titat  DO  acid  taste  nor  soda  taste  is  noticeable.  In  order  to  invigorate  the 
fermentation  a  small  amount  of  malt  extract  is  employed  in  mixing  the 
dough. 

For  sweet  soda  biscuits  and  graham  biscuits,  an  adequate  amount  of 
st^^  is  used  in  mixing.  The  finished  dough  is  rolled  out  in  fiat  sheets  of 
the  desired  thickness.  These  are  cut  or  divided,  the  doi^h  pieces  placed 
in  pans  and  baked. 

Factories.  America  now  contains  about  1800  factories  for  the  man- 
ufacture of  bread,  cakes,  pies,  bisciiits  and  crackers.  They  bake  less  than 
half  of  the  bakery  products  manufactured  and  sold,  representing  consider- 
able capital  and  employing  -lai^e  numbers  of  men.  They  are  equipped 
with  extensive  aqd  complete  machinery  which  is  housed  in  buildings 
erected  exactly  suitable  for  the  purpose  and  handle  enormous  amounts  of 
materials. 

Bread  Factories.  There  are  1400  bread  factories  in  America  whose 
chief  product  is  white  bread  and  rye  bread.  Bread  factories  very  often 
manufacture  rolls  and  fried  cakes  as  well  as  box  cakes. 

The  bread  factories  of  America  usually  manufacture  one  of  the  follow- 
ing types  of  bread:  English  type  cut  tin  loaf;  ordinary  cut  tin  loaf;  Amer- 
ican homemade  style  tin  bread;  restaurant  sandwich  tin  bread;  French 
type  sandwich  bread  for  restaurante;   American  htmiemade  bread. 

Bread-factory  Economics.  Modem  bread  factories  in  America, 
equipped  with  costly  and  intricate  machinery,  have  attained  to  the  dig- 
nity of  factories  with  a  daily  consumption  of  fiour  ranging  from  10  to  200  - 
barrels,  and  a  daily  output  of  over  3000  to  50,000  loaves  of  bread,  a  few 
even  reaching  200,000  loaves  per  day.  Bread,  rolls,  and  cakes  are  all 
produced  on  a  large  scale  and  of  such  quahty  and  price  that  it  is  no  longer 
an  object  of  the  housewife  in  our  larger  cities  to  have  the  baking  of  these 
products  done  at  home.  Wheat  bread  is  the  chief  product  of  the  modem 
bakery,  then  rye  bread,  rolls,  and  cake.  Over  20,000,000  barrels  of  wheat 
Sour  are  annually  consumed  by  bread  factories  in  the  manufacture  of  wheat 
bread;  500,000  into  rolls;  500,000  into  cakes.  The  amount  of  rye  fiour 
made  into  rye  bread  and  used  for  other  purposes  is  approximately  2,000,000 
barrels. 

Bread-factcoy  ConstructioD  and  Bqui|Hnent  Space  does  not  permit 
to  go  into  the  details  of  the  various  typ^  of  machines  and  apparatus, 
ovens,  proofers,  troughs  and  other  accessories  of  a  modem  bakery.  Changes 
in  construction  and  equipment  have  become  necessary  from  time  to  time 
aa  baking  technology  progresses;  as  changed  values  are  given  to  materials 

DiuMz.^  v'^'OOglC- 


1186  INDUSTBUL  CHEMISTRY 

and  processes;  as  new  methods  or  processes  are  introduced,  or  new  require- 
ments are  made  on  the  baker  to  meet  Government  or  Food  Administra^ 
tioD  regulations. 

The  structure  is  usually  of  brick — ^two  stories  and  a  basement,  with 
large  windows,  so  that  1^e  process  of  bread  n\akii^  can  be  seen  from  the 
outside.  Spacious  oflSces,  shipping  rooms,  retail  sales  itXHns,  wrappii^ 
rooms — the  bread  is  never  touched  by  hands  except  those  of  the  white- 
gloved  bakers  who  pack  bread  for  shipping — separate  sanitary  lavatories 
for  all  departments,  mixing  rooms,  dough  dividing,  and  molding  machinery 
rooms,  proofing  and  oven  rooms,  boiler  and  oven-firii^  rooms  are  all  well 
ventilated  and  lighted  so  that  there  is  no  dark  comer  in  the  entire  plant. 
All  interior  walls  are  kept  white  with  enamel  or  granite  paint,  also  the 
white  framework  of  all  machinery  used,  including  the  proofing  cabinets, 
while  the  brick  or  metal  face  of  the  ovens  is  white  glazed  or  glass  enameled 
or  white  tile.  Everything  is  done  with  a  view  to  add  attractiveness  to  the 
place,  BO  as  to  educate  the  visitor  to  give  preference  to  the  modem  factory 
output,  as  everything  su^ests  sanitation  and  wholesomeness. 

The  mixing  room  is  generally  on  the  second  fioor,  adjoining  the  flour 
warehouse,  in  which  a  considerable  quantity  of  flour  is  always  kept  on 
hand  to  insure  proper  aging,  since  new  flour  will  not  give  the  best  loaf. 
The  flour  hopper,  with  a  capacity  of  five  barrels  of  flour  or  less,  which  is  to 
feed  the  mixer,  is  portable,  and  may  be  conveyed  to  the  various  bin  cone 
mfters  from  which  the  supply  is  t^en.  The  hopper  ia  mn  to  one  of  the 
mixers,  emptying  its  contents  into  it,  and  returning  to  the  same  or  another 
bin  for  another  charge  of  flour.  Into  the  mixer  are  carefully  weighed  the 
flour;  the  water;  the  shortening  (lard  or  vegetable  oil);  salt;  yeast  pre- 
viously dissolved  in  water,  sugar;  usually  in  the  form  of  cane  sugar  or  malt 
extract.  Metal  dough  troughs  on  wheels  receive  the  mixed  dough,  which  is 
given  time  to  ferment  (usually  5  to  5}  houis),  in  a  specially  constructed 
dough  room  in  which  the  temperature  and  humidity  are  automatically 
controlled.  The  dough  rises  in  the  dough  trough  and  is  kneaded  or 
punched  three  times.  Then  the  troughs  are  wheeled  to  a  chute  in  the  floor 
and  let  down  to  the  dividing  machine,  which  is  so  arranged  that  it  can  cut 
any  loaf  from  about  10  to  40  oz.  The  dough  is  carried  to  the  rounding 
machine  automatically  where  it  is  rounded  into  a  ball  and  thence  to 
the  proofer,  where  it  rests  for  about  ten  minutes  in  a  temperature  of  about 
86°  F.  The  pieces  of  dough  are  now  let  down  by  a  conveyor  to  the  molding 
machine  where  they  are  molded  into  the  form  of  loaves,  which  are  placed 
in  the  bread  pans.  These  are  loaded  upon  conveyor  racks  and  wheeled 
into  the  proof  cabinets,  where  they  remMn  from  twenty  to  fifty  minutes, 
according  to  the  individual  judgment  of  the  baker,  in  an  atmosphere  of 
steam,  at  about  90"  F.  The  conveying  racks  are  rolled  from  the  proofer 
to  the  oven,  which,  according  to  capacity,  receive  a  charge  of  250  to  500 
loaves  of  bread,  the  average  baking  period  being  thirty-five  minutes,  after 
which  the  loaves  are  taken  out  by  a  long,  wooden  pole,  formed  at  th$  9i)<l 
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like  sn  oar  blade,  od  which  the  pans  are  caught,  an  implement  called  a  peeL 
Other  types  of  ovens  called  rotary  ovena  receive  the  pans  automatically. 
The  most  advanced  ovens  are  the  traveling  ovens  of  lai^  size  in  which  the 
pans  enter  one  end  and  pass  on  a  movable  hearth  during  baking  and  then 
issue  out  at  the  other  end.  The  loaves  are  then  loaded  on  the  wheeled 
racks,  or  are  dumped  down  chutes  and,  after  cooling,  are  packed  into 
cartons  or  paraffin  paper  and  reach  the  deUvery  truck-wagon  to  be  shipped 
or  delivered  to  the  trade. 

Baking  Process.  Mixing.  In  making  wheat  bread  oa  a  large  scale 
the  various  ingredients,  flour,  water,  salt,  sugar,  malt  extract,  lard,  and 
yeast  are  mixed  in  a  mixing  machine,  the  yeast  being  previously  dissolved 
by  mixing  it  in  water.  After  mixing  thoroughly  to  a  homogeneous  mass, 
the  dough  is  placed  in  a  dough  trough,  constructed  of  wood  ^r  sheet  iron, 
the  dimensions  of  the  trough  varying  from  2  to  3  ft.  in  width;  depth  about 
the  same;  length  from  5  to  10  ft. 

Dough  fermenUUion  gradually  sets  in  and  prepresses  for  about  2  to  2^ 
hours,  to  the  extent  of  causing  the  dough  to  rise  in  the  trough  to  treble 
and  more  its  original  volume.  Now  the  dough  is  punched  in  the  trough 
or  kneaded  and  worked  until  it  haa  fallen  back  to  nearly  its  original  vol- 
ume; it  is  again  left  to  rise.  The  second  dough  fermentatian  being 
finished  in  about  \\  hours,  when  it  receives  its  second  punch,  that  is,  it  is 
again  kneaded  and  worked  until  it  has  fallen  down.  It  is  again  allowed  to 
ferment,  this  time  for  about  forty-five  minutes,  when  it  receives  its  third 
punch,  and  is  then  ready,  after  about  ten  minutes  more,  to  go  to  the  bench. 

Dividing.  (Bench  work.)  In  hand-operated  bakeries,  the  dough  is 
placed  on  a  large,  flat,  oaken  table,  cut  into  pieces,  weighing  18  ob.,  26  oz., 
etc.,  according  to  weight  of  bread  desired.  These  pieces  are  properly 
molded  in  loaf  shape  and  are  placed  into  the  bread  pans.  These  are  placed 
on  racks. 

Proofing,  These  racks  are  conveyed  on  rollers  to  the  steam,  or  proofing 
cabinet,  usually  constructed  of  sheet  iron,  filled  with  an  atmosphere  of 
steam,  where  the  pans  are  left  for  about  fifty  minutes.  The  dough  here 
achieves  its  last  rise,  filling  the  pans  quite  to  the  level  of  the  rim,  more  than 
doubling  its  volume.    Then  they  are  taken  out  and  placed  in  the  oven. 

Baking.  Baking  requires  about  thirty-five  minutes,  which  is  usually 
the  time  of  a  bake.  Here  the  doug^  piece  increases  its  volimie  once  more, 
mainly  through  expansion  of  the  gases  caused  by  the  h^h  temperature  of 
the  oven.  This  is  the  spring,  the  proper  volume  of  which  is  very  important 
to  the  quality  of  the  bread.  After  baking,  the  spring  should  be  one-foiuiih 
of  the  entire  contents  of  the  pan,  increasing  the  volume  of  the  bread  by 
one-fifth  of  the  whole  loaf. 

Finishing.  Many  types  of  bread,  as  Vienna  bread,  are  washed  with  a 
solution  of  starch  immediately  after  baking  to  give  the  finished  loaf  a 
glossy  crust.  American  bread  is  often  wrapped  in  waxed  paper  and 
sealed  with  self-sealing  wrapping  machines.     A  practice  is  coming  into 
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use  of  cooling  bread  in  predetermined  atmosphere  aa  water  vapor,  or  other 
gases,  which  treatment  causes  the  bread  to  remain  fresh  for  a  longer  period 
of  time. 

Bread-haking  Metho(>8 

*  Straight  Dough  Method.  The  proportionB  of  materials  used  in  the  man- 
ufacture of  wheat  bread  are  as  follows: 

Hour 196  Ibe.  392  Ibe.  588  Iba. 

Water 110  230  353 

Sugar 3  6  9 

Malt  extract 2  31  61 

8iJt 3  6  9 

YcMt....... 2J  4J  ,      6} 

Lard 2  4  6 

Time  ot  mixing 12  min.  18  min.  22  min. 

Time  to  first  punch 2  hn.  30  min.    2  hrs.  30  min.  2  hra.  30  min. 

Time  to  second  punch 1  hr.  30  min.      1  hr.  30  min.  1  hr.  30  min. 

Time  to  third  punch 46  min.  45  min.  45  min. 

Time  to  bench 16  min.  15  min.  16  min. 

Number  of  No.  1  loavea 288  600  875 

The  above  columns  give  the  formula  for  three  sizes  of  dough  ranging  from 
1  barrel  to  3  barrels  of  fiour.  Many  formulas  have  been  devised  and  are 
practiced,  some  using  additional  materials  as  milk.  The  materials  are 
employed  at  such  a  temperature  as  to  obtain  a  resulting  dough  temperature 
of  81°  F. 

Miring.  All  of  the  materials  are  mixed  at  once  in  the  dough-mixing 
machine  in  the  foUowii^  order:  Water,  sugar,  malt  extract,  salt,  and  some 
Sour  (substitutes  if  used).  After  a  hou(%eneoiis  mass  has  resulted  the 
dissolved  yeast  is  added  and  thoroughly  mixed.  Then  introduce  into 
the  mixer  all  the  remaining  &our.  The  dough  is  mixed  eighteen  to  twenty- 
five  minutes  according  to  type  of  mixing  machine  employed. 

Fermentation.  The  dough  is  then  dumped  into  a  dough  trough  and 
allowed  to  ferment.  The  dough  rises  durii^  fermentation  and  comes  up 
to  a  certain  height  in  the  dough  trough  (nearly  ready  to  fall  from  its  own 
weight),  and  is  then  punched  down  (cut  down  with  knives  or  punched 
down).  This  is  repeated  three  times,  the  first  punch  taking  i^ace  about 
2^  hours  after  rising,  the  second  punch  taking  place  1^  hours  after  the 
first  punch,  and  the  third  punch  taking  place  forty-five  minutes  after  the 
second  pimch.  During  fermentation  the  dough  changes  its  physical 
character.  Directly  after  mixing,  it  is  rubbery  and  tough  and  if  molded 
into  loaves  would  make  a  tough  small-volumed  loaf.  After  three  punches 
the  dough  is  properly  aged  and  is  elastic  and  soft  in  its  character.  It 
breaks  off  with  a  quick  pull  by  the  hand — a  dough  receiving  too  great  an 
age  will  be  very  short  and  unelastic  and  will  result  in  a  pale,  heavy  and 
coarse  loaf.    The  dough  is  then  taken  to  the  dividing  machine  and  divided 
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into  loaves  of  proper  weight,  molded  and  placed  in  pans  for  proofing. 
The  1-lb.  dough  piece  rises  in  the  pan  to  a  proper  volume  in  forty-five  min- 
utes and  is  baked  in  thirty-five  minutes  to  a  rich  brown  color. 

Sponge  and  Dough  Method.  In  a  sponge  method  about  one-half  of  the 
fiour  and  water  and  yeast  are  first  mixed  into  a  dough  and  then  allowed  to 
ferment  to  the  first  punch.  It  is  then  thrown  back  into  the  mixer  and  all 
other  material  added  and  then  mixed  into  a  dough  and  allowed  to  ferment 
as  usual.  A  number  of  variation  of  niethoda  is  possible  by  this  method. 
Some  bakeries  use  a  lai^er  quantity  of  water  in  the  sponge,  thus  making 
a  soft  sponge.  Others  vary  the  quantity  of  material  used  in  the  sponge 
using  one-quarter  or  one-third  of  the  total  flour  in  the  sponge. 

Ferment  Sponge  and  Dough  Method.  Several  bread  factories  make  a 
ferment  with  potatoes  and  malt  extract  or  other  yeast-nourishing  media, 
and  then  mix  in  flour  and  other  materials  to  make  a  sponge  and  Uiter 
make  a  dough  in  the  usual  way. 

Bbead-bakino  Materials 

Flour  is  the  chief  material  entering  into  the  compoeition  of  a  loaf  of 
bread.  Considerable  work  has  been  done  by  chemists  the  world  over  to 
establish  methods  to  ascertain  the  baking  value  of  flours  by  scientific 
methods.  £ach  chemical  component  has  been  investigated  and  the 
moisture,  ash,  fat,  gluten  and  acidity  and  other  determinations  have  been 
carefully  made  in  an  endeavor  to  determine  the  baking  properties  of  such 
flour.  Recently  the  gluten  content  has  received  considerable  attention. 
Formerly  the  ash  content  was  considered  of  greatest  importance.  It  is 
generally  accepted  that  a  flour  containing  a  high  gluten  content  will  result 
in  a  loaf  of  large  volume  per  weight  of  bread,  and  a  flour  low  in  gluten  con- 
tent will  result  in  a  loaf  of  small  volume  per  weight  of  bcead.  However,  it 
is  also  generally  known,  both  by  chemists  and  bakers,  that  it  is  difficult 
to  judge  the  baking  value  of  flour  in  cases  where  two  samples  both  have  a 
low  gluten  content  or  both  have  a  high  gluten  content.  Often  times  a 
flour  containing  only  8  per  cent  gluten  will  have  better  baking  quaUties 
than  one  having  9  per  cent  gluten.  Also  many  cases  are  known  in  which  a 
flour  containing  12  per  cent  gluten  will  have  poorer  baking  values  than  one 
containing  only  II  per  cent  gluten.  Flour  laboratories  generally  check 
the  results  of  the  chemical  analysis  by  a  scientific  baking  test.  We  have 
found  that,  in  order  to  determine  as  nearly  as  possible  the  true  baking 
value  of  a  flour,  various  tests  are  helpful,  such  as  the  expansion  tests  and 
dough-softening  tests.  The  scientific  baking  test,  white  probably  the 
most  helpful,  is  still  crude,  since  influenced  by  so  many  varying  factors. 
The  necessity  of  checking  a  scientific  determination,  such  as  the  chemical 
methods  employed  by  a  crude  test,  has  caused  much  dissatisfaction 
amongst  both  flour  chemists  and  bakers.  We  l^rned  a  few  years  ago  of  a 
new  method  for  determining  the  baking  value  of  flour  by  a  highly  scientific 
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method  that  was  being  developed  in  the  Carkburg  Laboratories  <rf  Bio- 
logical Research-,  in  the  City  of  Copenhagen,  Denmark,  by  Dr.  Jessen 
Hansen.  This  method  is  the  determination  of  the  hydn^n  ion  concen- 
tration of  a  flour  solution  by  an  electrical  ^paratus.  It  has  been  very 
useful,  but  it  is  also  lactdng  in  ascertaining  definitely  the  bakii^  value 
of  any  flour. 

Due  to  the  importance  of  this  question  for  both  the  bakii^  industry 
and  science,  the  writer  personally  entered  into  researches  to  determine  the 
factors  influencing  the  quality  of  flour  for  bread-making  purposes.  The 
question  was  studied: 

1st.  From  the  viewpoint  of  the  effect  of  Uvii^  organisms  (imcro- 
Ciganisms)  that  exist  in  flour,  and  which  develop  durii^  dough  fermenta- 
tion. 

2d.  The  effect  <rf  natural  enzymes  of  both  young  and  old  flour  during 
dough  fermentation. 

3d.  The  relation  of  the  chemical  composition  of  flour  to  the  enzymatic 
and  bacterial  activity. 

TTie  following  conclusions  were  derived : 

1.  That  the  baking  value  of  flour  is  influenced  considerably  by  the 
number  of  microorganisms  present  therein.  The  kind  of  microoigan- 
isms  in  the  flour  also  are  of  considerable  importance  and  largely  affect 
dough-making  operations. 

2.  During  aging  the  bacteria  in  the  flour  increase  in  number,  and  have 
a  liquefying  effect  on  the  gluten,  altering  it  in  the  direction  of  greater 


3.  New  flour  has  a  greater  activity  of  proteolytic  enzymes  than  old 
flour,  but  a  smaller  number  of  active  microoiganisms. 

4.  The  activity  of  the  various  bacteria  eidstii^  in  the  flour  causes 
various  faulty  properties  in  the  bread,  such  as  holes  and  streaks. 

Flour  contains  many  hving  organisms  so  small  that  they  are  invisible 
to  the  human  eye,  and  can  be  detected  only  with  a  high-powered  micro- 
scope. Experiments  have  demonstrated  that  these  small  organisms 
(microdrganisms)  influence  the  baking  value  of  a  flour  to  a  very  large 
extent.  Some  flours  contain  only  a  comparatively  small  number,  while 
others  contain  relatively  large  numbers  of  these  livii^' organisms.  New 
flour  posaeeees  comparatively  few,  while  old  flour  possesses  a  much 
larger  number.  The  author  accredits  the  observed  differences  in  the 
baking  values  of  new  and  old  flours,  in  part,  to  the  number  of  microdrgan- 
isms and  their  action  and  effect  upon  the  gluten  of  flour  diirii^  its  aging 
and  also  during  the  fermentation  stage  of  the  dough.  Flour  containing 
a  small  number  of  microorganisms  must  receive  a  different  treatment  dur- 
ing dot^h  fermentation  than  flours  that  have  a  large  number  of  bacteria — 
all  other  factors  such  as  chemical  composition  and  enzymatic  activity 
being  equal. 

Bread  doughs  made  with  the  flour  containing  a  lai^e  number  of  micro- 
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drganisms  will  require  ksa  actual  fermentation  than  those  with  only  a  small 
nmnber  of  microQrganisma.  This  then  offers  an  explanation  for  the 
observed  facta  in  actual  practice.  New  flours  require  a  longer  fermenta- 
tion and  more  yeast,  or  the  addition  of  soroe  proteolytic  enzyme  to  the 
dough,  in  order  to  ripen  the  gluten. 

Besides  the  actual  number  of  microorganisms  existii^  in  a  flour,  we 
have  observed  that  the  actual  type  also  largely  affects  bread-making  oper- 
ations. Some  types  of  microorganisms  existing  in  the  flour  have  been 
found  to  be  beneficial,  and  the  bread  properties  are  improved  by  their 
action  on  the  flour  during  dough  fermentation.  Again,  we  have  found 
other  types  of  microfirganisms  which  destroy  the  adhesive  properties  of 
the  gluten,  resulting  in  holes  in  the  bread  or  a  lack  of  "  spring  "  in  the  oven. 

Examinations  have  shown  that  various  types  of  mold  existing  in  the 
flour  cause  trouble  during  dough  fermentation,  beside?  resulting  in  the 
premature  appearance  of  mold  on  the  crust  of  bread  after  baking.  Putre- 
factive microorganisms  wfll  cause  disagreeable  odors  in  the  bread  after 
baking  by  breaking  down  the  gluten  and  other  protein  substances  into  a 
slimy  putrid  mass.  Other  organisms  of  the  well-known  yeast  family  are 
also  in  the  flour.  In  this  famfly  there  are  types  which  aid  in  producing 
a  loaf  of  good  properties.  Other  yeasts  exist  that  do  not  cause  any  injury 
during  bread  production  other  than  developing  by  using  up  much  of  the 
yeast  food,  thus  depriving  the  culture  yeast  of  this  nourishment.  The 
injurious  types  of  this  family,  the  wild  yeasts,  which  exist  m  the  flour,  can 
cause  considerable  damage  during  doi^h  fermentation,  such  as  unpleasant 
flavors  and  large  holes  in  the  resulting  bread.  The  causes  for  successful 
as  well  as  faulty  bread  production  we  are  now  able  to  trace  to  the  activity 
of  numerous  microorganisms  of  various  types.  A  further  study  will 
demonstrate  which  microorganisms  cause  the  various  miscarriages  in 
bread  production. 

Other  factors  which  influence  baking  operations  to  a  lai^  extent  are 
the  soluble  Termente  known  as  the  enzymes.  Oiu"  researches  have  led  us 
to  believe  that  flours  when  newly  milled  have  considerable  proteolytic 
enzyme  activity.  This  enzymatic  action  decreases  with  the  age  of  the 
flour.  For  this  reason  new  flours  become  soft  and  runny  when  in  the  dough 
stage,  while  dough  made  with  aged  flour  retains  its  consistency  through 
the  fermentation  stage.  The  activity  of  this  proteolytic  enzyme  (peptase) 
aids  also  in  altering  the  gluten  of  the  new  flour  during  the  aging  thereof. 

Both  the  enzymes  and  microorganisms  have  their  effect  principally 
upon  the  constituents  of  the  flour.  They  alter  the  proportion  and  char- 
acter of  each  ingredient  of  the  flour.  Thus  it  is  not  sufficient  to  know  the 
chemical  analysis  of  the  flour  alone,  but  one  should  also  be  able  to  deter- 
mine its  enzymatic  content,  as  well  as  the  number  and  kind  of  micro- 
organisms in  order  to  judge  scientifically  the  baking  value  of  a  flour. 

The  vxxleT  used  in  baking  operations  may  be  classified  from  several 
points  of  view : 
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a.  According  to  the  amount  of  mineral  Bubetance  contained  in  them: 
1,  Hard  waters;  2.  Soft  waters. 

b.  According  to  organic  substances,  products  of  putrefaction  or  organ- 
iamB  they  contain :  1.  Pure  waters;  2.  Impure  waters. 

c.  According  to  their  origin:.  1.  Rainwater;  2.  Condensed  or  distilled 
water;  3.  Lake  water;  4.  River  water;  5.  Spring  water;  6.  Shallow  well 
water;  7.  Deep  well  water. 

In  estimating  the  value  of  water  re^i;ard  should  be  had  to  ita  avaUabUity 
for:  1.  MilUng;  2.  Baking;  3.  Yeast  propagation;  4.  Feeding  boiler; 
5.  Waahii^  troughs,  barrels  and  vats;  6.  Cooling;-  7.  Watering  horses. 

According  to  the  purpose  for  which  it  is  intended,  water  is  judged  by 
the  amount  contained  in  it  of:  1.  Mineral  substances;  2.  laving  organisms; 
3.  Organic  substances. 

Water  takes  up  various  constituents  on  its  passage  through  the  soil. 
Some  are  soluble  directly  in  water,  others  are  made  soluble  by  carbonic 
acid  which  the  water  takes  up  while  falling  through  the  air  in  the  form 
of  rain,  or  from  the  soil.  The  solvent  action  of  carbonic  acid  is  noted 
with  reference  to  carbonates  of  lime  and  magnesia,  which,  being  encoun- 
tered in  the  soil  in  an  insoluble  form,  are  converted  into  soluble  bicar- 
bonate by  the  carbonic  acid  of  the  water. 

The  substances  contained  in  water  in  general  are:  1.  Gases — air 
(ojtygen),  carbonic  acid,  sometimes  sulphureted  hydrogen  (noticeable 
by  its  odor);  2.  Organic  substances  and  microoi^nisms  and  the  products 
of  decomposition  set  up  by  them  as  ammonia,  nitrous  and  nitric  acids 
(all  of  which  are  undesirable  in  baking  operations);  3.  Mineral  constit- 
uents: a.  Lime,  in  the  form  of  bicarbonate  of  hihe,  sulphate  of  lime 
(gypsum),  chloride  of  calcium,  b.  Magnesia,  in  the  form  of  bicarbonate 
of  magnesia, . sulphate  of  magnesium  (Epsom  salts),  chloride  of  calcium. 
c.  Sodium,  in  the  form  of  chloride  of  sodium  or  common  salt,  sulphate  of 
sodium  or  Glauber's  salt.  d.  Potassium  in  the  form  of  chloride,  sulphate 
or  bicarbonate  of  potassium,  e.  Iron,  in  the  form  of  bicarbonate  of  iron. 
/.  Aluminum,  in  the  form  of  bydrated  oxide  of  aluminum,  g.  Salicylic 
acid. 

Action  of  Coostituests  Held  m  Solution.  If  the  substances  enumerated 
occur  in  the  water  in  considerable  quantities,  their  action  is  felt  in  the 
following  manner: 

1.  OrgEmic   matters  and  microorganisms   promote   putmf action  and 
mold. 
'    2.  Ammonia,  while  harmless  in  itself,  indicates  the  presence  of  putre- 
fying matter  and  bacteria  of  putrefaction. 

3.  Nitrous  acid  hinders  saccharification,  is  a  strong  yeast  poison,  may 
cause  disturbance  in  fermentation  and,  being  a  product  of  ammonia 
oxidation,  indicates  the  presence  of  products  of  putrefaction.  In  fermen- 
tation at  high  temperature,  the  bead  may  acquire  an  offensive  odor,  as  of 
chlorine. 
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4.  Nitric  acid  is  injurious  only  if  present  in'  quantities.  In  the  pres- 
ence of  denitrifying  {reducing)  bacteria,  nitric  acid  may  be  trfinaformed 
into  nitrous  acid,  which  will  then  exercise  its  pernicious  influence. 

5.  Chlorine.  Large  amounts  of  chlprine,  particularly  if  coupled  simul- 
taneously with  a  large  amount  of  ammonia,  make  a  water  suspicious,  aa 
it  suggests  the  possibility  of  infection  by  drainage,  particularly  sewage, 
animal  or  human  excrement  and  bacteria.  The  chlorine  compounds 
have  the  following  action:  Sodium' chloride  acts  as  a  germicide  during 
dough  fermentation,  exerts  a  beneficial  influence  on  the  elasticity  of  the 
gluten.  M^nesium  and  calcium  chlorides  have  a  similar  action  in  dough 
fermentation.  The  employment  of  a  water  rich  in  these  salts,  for  dough 
making,  will  result  in  a  finished  bread  with  a  hard  taste. 

6.  Calcium.  Calcium  sulphate  is  desirable  for  bakmg,  particularly 
for  producing  a  bread  with  white  crumb.  During  dough  fermentation  it 
aids  in  rendering  soluble  the  proteins  of  the  flour. 

7.  Magnesium.  Magnesium  carbonate.  Same  effect  as  calcium  car- 
bonate. 

8.  Sodium.  Carbonate  of  soda  in  sufficient  quantities  to  make  a 
water  alkaline  is  undersirable,  even  in  small  quantities.  In  baking  it 
weakens  the  enzymes  as  diatase  and  peptase,  and  thereby  delays  the 
ripening  of  the  dough.  It  gives  dark  color  of  crumb  to  the  bread.  It 
neutralizes  the  tactic  acid  of  the  dough,  and  hence  the  dough  is  more  ex- 
posed to  the  action  of  microoiganisms,  increasing  the  hability  to  bacterial 
odors  and  discoloration. 

9.  Iron  in  larger  quantities  produces  an  off-colored,  gray  bread.  It 
has  a  detrimental  effect  on  the  yeast.  It  colors  yeast  dark  and  gives  an 
onion  odor  to  bread,  on  account  of  its  effect  upon  the  yeast. 

For  Baking.  Moderately  hard  water  with  a  moderate  amount  of 
sulphate  of  lime  (gypsum),  sulphate  of  magnesium  (plaster  of  Paris  and 
common  salt),  free  from  iron;  for  .a  very  pale  bread  crumb,  poor  in  car- 
bonates. The  purity  of  the  water  is  to  be  regarded,  for  the  microorganisms 
therein  will  develop  off  odors  and  tastes  in  the  bread.  Alakalin  waters 
are  harmful  in  baking,  since  they  neutralize  the  acidity  of  a  dough,  thus 
affecting  the  action  of  the  enzymes  (natural  ferments). 

Improvers     ■ 

Modem  Baking  has  brought  with  it  a  score  of  additional  commsrcial 
substances  which,  when  added  to  the  bread  dough,  are  supposed  to  effect 
considerable  advantage  in  bread-making.  Due  to  the  lai^e  number  and 
variety  of  these  so-called  improvers,  we  believe  that  the  scientific  prin- 
ciples underlying  flour  improvements  for  bread-making,  generally,  should 
be  famihar  to  those  engaged  in  the  baking  industry  so  that  these  improvers 
may  be  used  more  intelhgently  and  also  to  place  the  baker  in  a  position  to 
judge  the  value  of  these  substances  with  greater  accuracy. 

The  common  interpretation  of  the  word  "  improver  "  in  the  baking 
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industry  is  "  some  substance  which,  when  added  to  the  dough  will  effect 
an  improvement,  either  in  the  economic  production  of  the  bread  or  in  the 
bread  itself."  For  instance,  improvers  may  increase  the  water-abeorbing 
power  of  a  flour  or  lessen  the  time  of  fennentation,  or  effect  a  saving  in 
the  amount  of  yeast.  Other  improvers  produce  much  greater  color  of  the 
crust,  or  whiteness  in  the  crumb  or  effect  a  larger  volume  per  wei^t  of 
bread,  or  may  cause  an  improvement  in  the  flavor. 

Thus,  it  is  convenient  to  classify  those  various  items  which  influence 
directly  the  economic  production  of  the  bread  and  which  may  be  altered 
by  added  improvers,  and  it  is  also  convenient  to  classify  those  properties 
of  the  bread  itself  which  may  be  effected  by  added  improvers.  The  points 
to  be  considered  in  the  economic  production  of  bread  are  as  follows: 
Ist.  Time  of  dough  fennentation;  2d.  amount  of  water  absorbed;  3d. 
amount  of  yeast  reqiured;  4th.  amount  of  wheat  flour  necessary;  5th. 
amount  of  fermentation  losses. 

Any  decrease  in  the  time  of  fermentation  wiU  effect  the  economic  pro- 
duction of  a  loaf  of  bread,  inasmuch  as  it  lessens  the  amount  of  labor 
required  and  decreases  the  time  of  use  of  the  various  dough-handling 
equipment,  thus  allowing  a  larger  bread  production  with  the  same  equip- 
ment. Certain  substances  may  be  added  to  the  bread  dough  which  will 
ripen  the  gluten  of  the  flour  in  less  than  normal  time,  thereby  conditioning 
the  dough  for  the  baking  thereof  in  a  much  shorter  than  normal  time  and 
would,  in  that  case,  lessen  the  economic  production  of  the  bread,  giving  the 
added  substance  value  accordingly. 

The  economic  production  of  bread  is  greatly  influenced  by  the  amount 
of  water  incorporated  into  the  dough,  a  large  proportion  of  which  is  retained 
through  the  baking  stage  and  remains  in  the  bread.  Bread  sold  by  wei^t 
will,  in  this  case,  be  much  more  economically  prepared  than  if  less  moisture 
were  contfuned  in  it.  Several  substances  may  be  added  to  the  dough 
to  allow  a  greater  addition  of  water,  either  by  its  influence  upon  the 
water-absorbing  capacity  of  wheat  flour  or  by  the  greater  water-retaining 
capacity  of  the  added  substance  iteelf . 

Yeast  not  alone  aerates  the  dough,  through  the  evolution  of  carbonic 
acid  gas,  but  it  al^o  excretes  a  substance,  termed  by  the  biochemist  "  endo- 
tryptase,"  which  acts  on  the  glutinous  substances  of  the  dough  in  such  a 
manner  as  to  modify  it  in  the  direction  of  greater  elasticity,  that  is, "  ripen  " 
it.  Certain  added  substances  containing  a  similar  principle  to  "  endo- 
tryptase  "  of  yeast  will  ripen  the  dough  in  a  Uke  manner,  independently 
of  the  yeast  itself.  Still  other  added  substances  will  have  a  stimulating 
and  invigorating  effect  on  the  yeast  organism,  so  that  it  influences  in  a 
minified  degree,  thus  allowing  a  decrease  in  the  actual  added  amount  of 
yeast  by  which  the  economic  production  of  the  bread  will  be  effected. 

Wheat  flour  is  usually  the  most  costly  single  item  of  a  bread  dough. 
It  is  required  usually  on  account  of  the  elastic  material  it  contains.  This 
glutinous  substance  must  be  modified  in  the  direction  of  greater  elasticity 
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by  effecting  its  partial  disappearance  by  solution.  Several  Bubstances 
may  be  added  to  bread  dough  that  can  replace  the  wheat  fiour  in  part, 
without  seriously  injuring  the  elasticity  of  the  resulting  dough,  which 
substances  are  aometimea  less  expensive  than  wheat  fiour,  and  their 
addition  therefore  influences  the  economic  production  of  the  bread. 

Certain  losses  occur  during  dough  fermentation  and  durii^  the  bakii^ 
of  the  dough.  The  fermentation  losses  are  usually  in  the  form  of  vola.- 
tilizable  alcohols,  and  carbonic  acid  gas.  The  more  rapid  the  fermenta- 
tion  phencnneuon,  and  the  longer  the  time,  the  greater  will  be  the  loss  from 
Uiis  cause.  Substances  may  be  added  to  bread  doughs  which  would  tend 
to  lessen  the  amount  of  actual  fermentation,  thereby  savii^  the  fermenta- 
tion losses,  and  which  would  also  decrease  the  loss  occurring  during  the 
baking  of  the  dough. 

Feosf,  sugar,  aaU,  malt  extracte  used  in  baking  bread  to  obtain  the  gas 
which  aerates  the  dough  and  bread  the  yeast  fermentatmg  the  sugar  or 
malt  extract  into  carbonic  acid  gas  and  alcohol,  the  rate  of  fermentation 
being  inSuenced  by  the  quantity  of  salt.  The  subject  of  fermentation  is  an 
extensive  one  and  is  considered  under  baking  technology. 

Historical 

Baking  is  probably  the  very  oldest  mdustry  man  engaged  in.  Wheat 
and  barley,  the  oldest  cereals  known  to  have  been  cultivated,  have  been 
found  tt^et^er  with  the  plowshare  fashioned  of  wood  and  the  stone 
handHnill  consisting  of  a  hollowed  stone  ball-ahaped  crusher  among  the 
remains  left  by  prehisotric  man,  depomted  in  his  burial  places  or  found 
embedded  in  the  earth  over  or  near  which  he  had  his  dwelling  places. 
These  implements,  together  with  arrow  heads,  spear  heads  and  battle 
axes,  all  of  flint  or  stone  (St(me  Age  of  Man)  gave  evidence  that  man  at 
that  time  was  unacquainted  with  the  use  of  metal,  and  that  his  primitive 
culture  must  have  dated  back  some  five  to  ten  thousand  years  before  the 
b^nnii^  of  the  Christian  era. 

Pood  of  Primitive  Man.  While  the  finding  of  the  remains  of  w^t  and 
barley  and  the  plowshare  gave  evidence  of  agricultural  pursuit,  the 
bones  of  domestic  and  wild  animals  and  the  remains  of  clams  and 
oysters  indicated  that  his  diet  was  quite  a  variegated  one;  that  he 
employed  the  domestic  animals  to  ease  his  own  work,  while  remnants  of 
woven  fabrics,  especially  from  flax  fiber,  indicated  that  he  had  learned 
to  cultivate  plants  for  other  than  food  purposes. 

Oldest  Form  of  Baking.  The  oldest  bread  was  made  in  the  form  of 
cakes  or  fritters,  simply  prepared  by  mixing  wheat  or  barley  meal  to  a 
batter  with  water  and  milk,  and  baking  these  batter  cakes  of,  maybe,  the 
size  and  form  of  our  present-day  griddle  cakes,  on  hot  ashes  or  over  red-hot 
coals,  or  a  hot  atone  which  represented  the  first  bread  pan  and  oven  com- 
bined.   Salt  was  probably  the  only  other  ingredient  besides  the  meal  and 
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water  and  milk,  as  there  certainly  was  no  baking  powder  and  yeast  was 
not  used  until  brewing  beer  from  germinated  barley  had  become  known, 
though  sour-dough  bread  was  probably  as  well  known  as  sour-milk  products. 

The  Egyptians,  as  the  remains  found  in  the  tombs  of  the  pyramids 
show,  had  perfected  both  baking  and  brewing  1500  years  before  the  begin- 
ning of  the  Christian  era,  and  the  Old  Testament  makes  mention  of  a 
mill  known  to  the  Assyrians.  These  occupations  had  become  organized 
industries.  In  E^pt,  in  brewing  as  well  as  in  baking  bread,  the  grain 
was  crushed,  mixed  with  water  to  a  dough  and  fermented  by  the  addition 
of  fermenting  bread  mash,  which  was  then  baked.  The  fermented  bever- 
age was  simply  prepared  from  slightly  sprouted  barley  or  other  grain,  by 
crushing  it,  mixing  with  water  to  a  mash,  slightly  baking  the  dough, 
breaking  the  bread,  making  a  mash  with  water  and  adding  fermented  mash 
once  more  for  fermentation.  The  fermenting  beverage  then  supplies  the 
yeast  for  baking. 

From  Handicraft  to  Indudry.  How  baking  developed  from  a  wnple 
handicraft,  with  a  stone  hand-mill  furnishing  the  grist  or  meal,  and  the 
baking  of  a  batter  of  meal  and  water  on  ashes,  or  over  red-hot  coals,  or  on  a 
hot  flat  stone,  into  a  highly  developed  art,  through  the  ages,  and  then  into 
one  of  the  most  important  industries  engaged  in  by  man,  would,  indeed, 
form  an  interestii^  story  for  this  article,  would  space  permit.  Man 
learned  to  use  bronze  metal  to  fashion  his  tools,  utensils,  weapons,  long 
before  he  had  found  iron.  The  bronze  age  of  man,  which  lasted  probably 
upward  of  a  thousand  years,  preceded  that  of  the  iron  age.  In  this  period 
iron  took  the  phtce  of  bronze  and  stone.  Unlike  t^  use  of  bronze,  which 
had  spread  westward  and  northward  from  Asia  and  Africa,  iron  was  first 
discovered  and  made  use  of  by  the  Celts  in  northwestern  Europe,  from 
where  it  spread  eastward  and  southward. 

Primitive  Baking  Pane.  Flat  sheets  of  iron,  rounded  and  provided 
with  a  wooden  handle,  early  in  the  culture  of  our  European  ancestry  took 
tiie  place  of  the  hot  stone,  hot  ashes  or  coals  in  baking  fiat  cakes,  and  this 
led  naturally  to  the  development  of  the  bread  pan  and  thb  employment  of 
the  bahv'^  oven,  which,  in  the  time  of  the  Egyptians,  was  fashioned  out  ot 
clay  with  a  flat  bottom  and  arched  roof,  of  varying  size  for  household  and 
shop  use. 

The  Technou»gy  of  Wheat  Bread  Baking 

Quality,  Character  and  Properties  of  Bread.  Before  selecting  and 
weighing  the  materials  for  the  purpose  of  baking  operations  the  baker 
should  cleariy  understand  the  requirements  the  finished  product  is  to  meet. 
Every  operation  he  carries  out  should  be  understood  with  a  knowledge  of 
the  influence  it  may  have  in  shaping  the  quahty,  character  and  properties 
of  the  bread  as  desired. 

Bread  has  quality  if  it  poesessea  recognised  merit  and  meets  the  require* 
mente  of  the  trade. 


vL.OOgIC 


BAKING  1197 

Bread  has  character  if  its  properties  conform  to  those  of  a  recognised 
standard  or  type.  Typical  breads  vary  widely  as  to  their  distinctive  prop- 
erties.   The  types  are  as  follows: 

English  Type  Bread.  Principally  large-volumed  loaves  of  many 
shapes;  usually  characteristic  of  a  community:  London  cottage  shape 
predominating,  small  topped  and  standard  cottage  (see  Shapes).  Other 
types  of  bread:  Notched  cottage;  Coburg  plait  or  collas;  double  notched 
cottage;  tin  cottage;  notched  tin  cottage;  batch  cottage;  Dutch  cot- 
tage; brick  loaf;  twist;  split  cob. 

All  of  this  bread  ia  crusty,  baked  in  hot  oven,  is  usually  well  brftwned 
with  excellent  bloom  ranging  from  l^bt  yellow  to  deep  brown.  Texture 
is  cream  white  with  beautiful  pile  and  dense  but  light  texture;  perfect 
grain.  Tin  bread  varieties  are  as  follows:  Sandwich  tin;  bon  tin;  corona^ 
tion  loaf;  oval  tin;  cut  oval  tin;  split  tin;  standard  tin;  long  tin;  split 
long  tin;  cut  long  tin;  fancy  tin. 

The  bread  has  a  wheat  flavor,  sweet  taste  and  nutty  aroma;  very 
wholesome,  readily  digestible.  The  bread  is  of  average  gluten  content; 
good  fat  content;  high  in  mineral  ingredients;  high  water  content;  hi^ 
in  salt;  made  usually  with  straight  dough  method,  in  machine  bakeries. 

French  Type  Bread.  Is  usually  made  of  very  light  volume  compared 
to  its  weight,  of  long  shape  usually  notched;  thick  crust  and  is  light  yellow 
in  color  with  slight  bloom;  texture  is  velvety  and  regular  white  in  color 
and  very  neutral  taste.  Is  wholesome  and  very  digestible  but  has  little 
zest.  Its  composition  is  high  in  protein  but  low  in  fat,  with  little  salt, 
made  usually  with  a  sponge  and  dough  method  and  in  a  Vienna  type  mix- 
ing  machine;  using  French  wheat  flour  with  some  English  and  Hungarian 
wheat  flour  mixed  in. 

Irish  Batch  Bread.  Baked  on  solid  oven  bottom,  by  baking  dough 
pieces  tightly  together  in  hexagonal  formation. 

Vienna  Bread.     Neutral  taste,  thick  crust,  dark  color  of  crust. 

American  Type  Bread.  Is  of  average  volume;  with  standard  shape  of 
pan;  shape  is  cut  or  burst  or  split;  sweet  taste  in  West,  tart  in  East,  with 
cheesy  taste  in  South;  neutral  in  Central  States;  good  bloom  and  color. 

The  Homemade  Type.  Rough  in  appearance,  fine  texture,  made  of 
doughs  containing  milk. 

Properties.  The  properties  of  bread  must  be  conadered  from  the  view- 
point of  its  crust  and  crumb.  The  important  properties  of  the  crust  are  the 
taste,  color,  bloom,  thickness,  softness  and  d^estibility.  The  properties 
of  the  crumb  are  volume  per  weight  of  bread  and  shape;  the  color,  pile, 
grain,  texture,  taste,  and  vetvetyness  of  crumb;  the  taste,  flavor  and 
aroma;  the  zest,  palatability  and  appetizing  qualities;  the  wholesome- 
ness  and  digestibiUty. 

The  Volume.  Volume  is  the  measure  of  the  space  occupied  by  the 
finished  bread  compared  to  its  weight.  It  is  usually  measured  in  cubic 
inches  employing  one  pound  of  bread  for  the  unit  of  weight.    The  materials, 
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methods  and  processes  employed  affect  the  volume  considerably.  Cer- 
tain types  of  bread  are  wanted  to  be  light  (large  volmne  for  its  weight); 
others  are  desired  more  dense. 

The  volume  per  weight  of  a  loaf  of  bread  depends  largely  on  the  aze 
and  number  of  fermentation  gas  cells  and  of  the  thickness  of  the  walls 
of  these  cells.  The  quantity  and  quality  of  the  elastic  material  in  the 
bread  dough  is  largely  responsible  for  the  conditions  of  these  cells  and 
any  material  added  to  the  dough  which  will  modify  the  glutinous  sub- 
stances of  the  dough  in  the  direction  of  greater  elasticity,  so  as  to  allow  the 
production  of  a  large  number  of  small  thin-walled  fermentation  gas  cells 
will  cause  an  improvement  in  the  volume  and  shape  of  the  bread.  Hie 
number  and  size  of  the  fermentation  gas  cells  is  also  largely  dependent  oa 
the  number  and  activity  of  the  individual  yeast  cell  groups  existing  in  the 
dough,  and  any  principle  which  tends  to  increase  the  distribution  of  the 
invigorated  and  activated  yeast  as  to  make  it  separate  into  individual 
cells  or  very  small  cluster  would  effect  a  similar  improvement  in  the  bread. 

Shape.  The  shape  of  a  loaf  of  bread  is  usually  dependent  upon  the 
pan  in  which  it  is  baked,  the  method  of  molding  or  of  packing  the  dough 
piece  in  the  oven,  as  is  the  case  of  various  kinds  of  Irish  bread. 

Odor  of  Crust.  The  depth  of  color  on  the  exterior  of  the  bread  ia 
caused  by  the  action  of  the  heat  on  the  organic  matter  of  the  product, 
due  to  the  carbonization  of  the  various  ingredients,  chiefly  the  carameliK- 
ation  of  the  sugar. 

The  color  of  the  crust  is  dependent  lai^ly  upon  the  amount  and  kind 
of  caramelizable  sugars  existing  in  the  bread  dough  at  the  time  erf  baking. 
Wheat  flours  contain  very  tittle  natural  sugar  of  this  kind  and  various 
substances  containing  this  principle  may  be  added  to  bread  doughs  which 
will  give  a  deeper  color  to  the  crust  of  the  resulting  bread  than  would  be 
obtainable  by  the  use  of  cane  sugar  alone. 

Bloom.  Bloom  is  the  shading  of  color  of  the  crust  from  light  to  dark, 
causing  oftentimes  the  appetizing  appearance  of  a  loaf  of  bread. 

Color  of  Crumb.  The  color  of  tjie  crumb  of  a  loaf  of  bread  is  influ- 
enced largely  by  the  way  tight  strikes  the  texture  and  upon  the  physical 
condition  of  the  starch  and  nitn^nous  material  after  baking.  During 
the  baking  of  the  doi^b  the  soluble  albumins  coagulate  into  white  flaky 
masses.  Certain  substances  added  to  bread  dough  either  act  in  such  a 
manner  as  to  render  the  starch  and  nitrogenous  material  white  in  appear- 
ance or  effect  the  production  of  a  comparatively  large  amount  <^  albumins 
in  the  dough. 

The  grain  and  texture  and  nefoetyneas  of  the  crumb  of  a  loaf  of  bread  ia 
dependent  directly  upon  the  number,  size  and  uniformity  of  the  fermen- 
tation gas  cells  and  upon  the  thickness  of  the' walls  of  these  tiny  cells. 
These  conditions  are  produced  largely  by  the  yeast  and  elasUc  properties 
of  the  glutinous  substances  in  Uie  dough.  A  lai^  number  of  active 
invigorated  individual  yeast  cells  evenly  distributed  will  render  a  large 
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number  of  smaU,  round  fennentation  gas  cells  with  very  thin  cell  walls. 
Any  substance  added  to  the  dough  which  will  tend  to  place  the  yeast 
in  this  form  and  will  aid  the  production  of  a  uniform  texture  and  will  influ- 
ence the  quantity  of  albumins  in  the  doi^fa  so  as  to  render  a  white,  flaky 
crumb,  may  be  considered  a  very  beneficial  improver. 

Taste,  Flavor,  Aroma.  The  verdict  of  the  masses  on  the  natural 
taste,  flavor  or  aroma  of  flour  is  that  it  is  insipid  and  undesirable.  These 
natural  flavors  are  so  altered  in  the  baking  processes  as  to  be  exceedii^ly 
desirable  and  pleasing.  The  production  of  flavors  is  generally  effected  by 
the  combination  of  the  alcohol  and  natural  acid  of  the  dough  creating  a 
class  of  substances  known  as  "  esters."  Much  improvement  is  obtain- 
able in  the  direction  of  improved  flavor  by  incorporating  into  the  dough 
substances  which  themselves  contain  desirable  esters,  or  will  effect  the  pro- 
duction of  esters  during  the  baking  processes. 

Palatabilify  and  Appetizing  Qualities.  The  human  palate  recc^nizes 
hard  or  soft  foods,  smooth  or  rough  foods.  Appetizing  qualities  and  pala- 
tabiUty  are  lately  a  matter  of  education  and  culture  of  the  individual. 
The  palate  of  the  American  masses  generally  is  believed  to  prefer  soft, 
smooth  foods.  Wheat  flour  bread  tends  to  produce  a  loaf  which  would 
strike  the  palate  as  hard  and  rough.  This  quality  increases  as  the  bread 
becomes  older,  givii%  the  generally  rect^ized  stale  influence  in  the  palate. 
To  the  bread  dough  substances  may  be  added  which  will  result  in  bread  of 
the  soft,  smooth  palatability  and  appetizable  qualities. 

Digestibili^  is  the  rate  with  which  the  bread  is  altered  from  insoluble 
material  in  the  digestive  system. 

Wholesomeness  and  Nutritive  Value  are  the  measure  of  the  amount 
of  tissue  and  energy  building  material  the  weight  of  unit  bread  contains. 

Zest  is  the  invigorating  effect  caused  by  consuming  bread,  usually 
dependent  upon  the  amount  of  carbonic  acid  gas  remaining  in  the  porous 
structure  of  the  bread. 

Compotition  of  Bread.  The  composition  of  bread  is  as  follows:  pro- 
toplasm, ennymes,  proteins,  carbohydrates,  acids,  fats,  esters,  alcohols, 
oxides  of  carbon,  mineral  matter,  water. 

Protoplasm.  Many  forms  of  bacterial  life  survive  the  baking  tempera- 
ture and  remain  in  the  bread  after  baking,  causing  mold  and  the 
disease  in  bread  called  rope;  and  acid  bacteria  causing  sourness;  and 
various  others.  The  structure  of  these  forms  of  bacteria  is  chiefly  pro- 
toplasm. , 

Enzymes.  While  all  of  the  original  enzymes  existing  in  the  materials 
which  ent«r  into  bread  dough  are  destroyed  after  baking,  the  various  forms 
of  bacterial  life  which  survive  or  whicK  impregnate  the  bread  after  baking 
contain  active  enzymatic  principles  which  affect  the  ingredients  of  the 
finished  bread  in  various  ways,  such  as  liquefying  the  gluten  or  saccharify- 
ing the  starch  or  causing  rancidity  of  the  fats. 

To  this  class  belong  such  specific  enzymes  as  peptase,  diastase,  invec^ 
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tase,  maltAse,  zymase,  all  of  which  cause  chaoges  in  bread  dough  if  preseut 
in  sufficient  amounts,  and  are  the  least  understood  of  any  of  the  chemical 
groups. 

Proteins.  The  proteins  are  the  nitrogenous'  principles  upon  which 
the  food  value  of  bread  depends.  They  exist  in  bread  after  baking  in  the 
form  of  insoluble  protein,  both  the  natural  globulin  and  the  coagulated 
albunoin  derivatives  as  well  as  some  uncoagulable  proteins,  as  amides 
and  amino  acids. 

Carbohydrates.  The  carbohydrates  in  bread  are  celluose  of  the  bran; 
raw  starch,  gelatinous  starches,  soluble  starch;  dextrine,  as  amylo  dex- 
trine,  erythro  dextrine,  achro  dextrine,  which  affect  the  crust  of  the  bread, 
lai^  amounts  of  dextrine  causing  a  hard,  brittle  cruet;  sugars,  as  sac- 
charose, maltose,  dextrose  and  lactose.  After  baking  gelatinous  starch 
forms  the  greater  bulk  of  the  bread  and  aids  in  producing  the  white  appear- 
ance of  the  bread. 

Fats.  Fats  enter  the  bread  usually  through  the  added  lard  or  com- 
pound fats  containing  stearine,  palmatine  and  oleine  as  the  chief  fatty 
principle. 

Esters.  Esters  are  those  chemical  compound  ingredients  in  bread 
which  give  it  its  characteristic  flavor. 

Alcohols.  The  alcohols  existii^  in  bread  are  formed  through  the 
fermentation  of  the  sizars  which  are  not  volatilized  in  the  baking,  these 
being  chiefly  the  higher  forms  of  alcohols,  such  as  glycerine,  amyl  alcohol, 
butyl  alcohol,  and  some  ethyl  alcohol. 

Mineral  Matter.  The  mineral  matter  is  the  amount  of  mineral  ingre- 
dients existing  in  the  bread  and  is  fm  important  part  of  the  nourishing 
qualities  or  tissue  of  building  material. 

Carbon  Dioxide.  The  carbon  dioxide  existing  in  bread  is  also  a  product 
of  the  fermentation  of  the  sugar  and  exists  in  the  cells  giving  the  zest- 
producing  qualities  of  fresh  bread. 

Water.  Water  is  one  of  the  chief  components  of  bread,  starch  being 
the  chief  ingredient.  Water  comi>oses  about  40  per  cent  of  the  weight  of 
fresh  bread,  slowly  evaporating  and  diminishing  as  the  bread  gets  older  and 
stale. 

Baking  Operations 

Oven  Operations.  Peel  ovens  are  the  simplest  type  of  baking  ovens,  in 
principle  being  a  heated  chamber  into  which  the  bread  is  placed  with  long 
poles  (peels)  and  allowed  to  remain  on  the  floor  of  the  oven  until  baked. 

Rotary  ovens  exercise  the  principle  of  a  heated  chamber  into  which  there 
revolves  a  rotating  hearth  or  oven  bottom.  The  bread  is  placed  on  the 
revolving  hearth  through  a  small  opening  and  removed  when  baked. 
The  hearth  revolves  in  conformity  with  the  speed  required  to  load  and 
unload. 
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Traveling  ovens  are  built  on  the  principle  of  a  large  heated  chamber 
throiigh  which  passes  a  moving  hearth  on  an  endless  belt.  The  bread 
enters  one  side  on  the  moving  hearth  and  passes  with  the  hearth  throi^h 
the  heated  chamber  and  when  baked  is  removed  frcon  the  opposite  end. 
The  hearth  travels  through  the  heated  chamber  at  such  a  rate  of  speed 
that  the  bread  is  just  baked  during  the  time  it  passes  through. 

Draw  PUUe  Oven.  This  type  of  oven  contains  a  steel  hearth  on  wheels 
which  is  loaded  with  bread  when  drawn  out  and  then  wheeled  into  a  heated 
chamber  or  oven  and  djpwn  out  when  baked  and  removed. 

Miiing  Operations.  RevolmTig  drum  mixers  operate  on  the  principle 
of  mixing  by  compression  and  friction  due  to  gravity.  The  materials  are 
placed  in  a  drum  which  contains  horizontal  rods  passing  through  and  when 
revolving  the  materials  are  lifted  up  and  tumble  over  and  through  the 
rods  until  thoroughly  mixed. 

Kneading  arm  mixers  are  constructed  on  the  principle  of  hand  kneading 
and  are  composed  of  a  bowl  into  which  the  materials  are  placed  and  a 
large  steel  arm  running  into  the  material  in  the  bowl.  The  adhesion  of  the 
material  to  the  arm  causes  a  pull  and  stretch  when  the  arm  is  withdrawn 
and  a  compression  when  the  arm  is  run  in,  thus  causing  a  thorough  mixing. 

Revohiing  arm  mixers  are  constructed  on  the  principle  of  steel  arms 
revolving  within  the  materials  until  thoroughly  mixed.  This  type  is 
largely  used  in  America  and  are  many  in  form,  such  as  single-arm  mixers, 
double-arm  mixers  with  reversing  principle,  high-  and  low-speed,  water- 
cooled  and  other  details  of  construction.  In  recent  years  many  forms,  types 
and  principles  of  dividing,  molding,  rounding  up,  and  proofing  machines 
have  been  invented  and  placed  on  the  market,  such  as  pocket  dividers,  belt 
molders,  pocket  and  belt  proofers. 

The  Science  of  Baking 

The  various  chemical  ingredients  or  compounds  which  enter  into 
the  process  of  bread  baking  are  as  follows:  Protoplasm,  enzymes, 
proteins,  carbohydrates,  acids,  fats,  esters,  alcohols,  oxides  of  carbon, 
mineral  matter,  water. 

Protoplasm.  Various  forms  of  organisms  exist  in  bread  and  the 
structure  of  these  bacteria  \s  chiefly  protoplasm. 

Enzymes  are  a  class  of  chemical  substances  which  cause  most  of  the 
changes  occurring  during  the  production  of  bread.  Thus  it  is  understood 
that  peptase  has  the  property  of  splitting  the  higher  proteins,  as  gluten 
of  wheat,  into  the  simple  protein  form  such  as  albumins  and  amino  bodies. 
The  globulin  (gluten)  of  wheat  flour,  which  is  insoluble  in  water,  is  digested 
and  broken  down  into  a  soluble  fwm  during  dough  fermentation.  This 
is  accompli^ed  by  the  activity  of  peptase  in  the  dough,  which  is  incor- 
porated to  a  small  extent  with  the  flour  itself,  but  more  abundantly  with 
the  yeast.    The  peptase  which  exists  in  the  interior  of  the  yeast  cell  ia 
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tenned  "  endotryptase,"  and  is  excreted  by  the  yeast  in  order  to  digest 
the  inBoluble  protein  (gliadin  and  glutenin)  material  surrounding  the  yeast 
cell  to  aimpte  soluble  forma  so  that  they  can  be  absorbed  by  the  yeast  afl 
food.  The  result  of  the  action  of  endotryptase  of  yeast  and  the  peptaae 
of  flour  ]b  known  to  the  baker  as  "  ripening  of  the  dough."  The  activity 
of  the  proteolytic  enzymes  (endotryptase  and  peptase)  not  alone  modifies 
the  gluten  in  the  direction  of  greater  elasticity  (ripening  of  the  dough)  but 
producing  from  the  peptonization  of  the  globulin  (gluten)  certain  simpler 
substances  known  to  the  chemist  as  the  albumins^nd  amino  bodies.  The 
latter  nitrogenous  substances  are  in  the  best  form  for  yeast  nourishment 
and,  consequently,  act  to  stimulate  and  activate  the  yeaet  by  affording  it 
increased  nutriment,  which  increases  the  niunber  of  yeast  cells  and  gas 
evolving  power  of  each  cell.  The  yeast  in  ite  enlivened  condition  also 
tends  to  separate  into  individual  cells  and  thus  disintegrate  the  cell  asp«- 
gations  so  often  formed  by  baker's  yeast  of  to-day.  These  cell  clusters 
produce  irregularity  of  texture  with  (rftentimes  larger  holes.  The  digestion 
of  the  gluten  to  albumins  by  the  proteolytic  enzymes  referr^  to,  aids  in 
forming  a  flaky  texture,  Ednce  this  class  of  substance  coagulates  with  heat 
(becomes  insoluble  by  the  heat  of  the  oven).  Thus  the  peptic  digestion  is 
beneficial  not  alone  in  that  it  modifies  that  gluten  in  the  direction  of  greater 
elasticity,  but  also  produces  the  albumins,  a  class  of  proteins  which  are  so 
changed  by  the  heat  of  the  oven  to  give  a  flaky  texture,  thereby  causing  a 
whiter  appearance  of  the  crumb  (this  action  is  similar  to  the  change  occur- 
ring during  the  boiUng  of  the  white  of  an  ^g).  The  invigoration  of  the 
yeast  causes  the  production  of  a  large  number  of  fermentation  gas  cells, 
thereby  producing  a  greater  volume  per  weight  of  bread,  and  an  even, 
uniform  texture. 

Proteins.  The  properties  and  the  economic  production  of  bread  may 
be  readily  influenced  by  a  group  of  chemical  substances  similar  to  th^  white 
of  an  ^g  and  to  gluten  of  wheat  called  Proteins.  The  group  of  proteins 
is  composed  of  about  five  individual  members,  the  properties  of  each  vary- 
ing somewhat  from  one  another.  The  members  of  the  protein  family  are 
the  globulins,  albumins,  albiunoses,  peptones,  and  amino  bodies. 

Globulin.  The  best  example  of  the  first  member  {globulin)  is  gluten 
iteelf.  The  globulins  are  insoluble  in  water  as  gluten  and  meats.  The 
importance  of  gluten  in  baking  is  well  known.  It  is  the  material  which 
forms  the  structure  of  a  loaf  of  white  bread,  due  to  its  elastic  nature.  The 
globulin  (gluten)  in  a  bread  dough  is  broken  down  during  fermentation  into 
simpler  proteins,  even  to  such  simple  forms  as  the  amino  bodies  which  are 
used  by  the  yeast  as  yeast  food,  and  stimulate  its  multiplying  power  and 
vitahty  so  that  a  much  greater  quantity  of  gas  is  evolved.  Some  com- 
mercial substances  are  sold  on  the  open  market,  which  contwn  besides 
other  things,  globulins  which  influence  the  properties  of  bread,  resulting 
in  a  large  loaf  per  we^ht  of  bread,  with  greater  "  life  "  in  the  dough  stage, 
thus  affecting  the  economic  production  of  the  bread.    Gluten  flours  are 
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sold  which  conttun  a  high  per  cent  of  globulina,  and  thuB  influence  the 
digestibility  and  wholesomeness  of  the  reeultii^  bread. 

Albnmliu.  This  fanuly  <rf  nitrogenous  substances  belongiDg  to  the 
protein  group  is  not  as  complex  chemically  as  the  globulins.  The  albumins 
are  soluble  in  water  and  contain  a  property  very  valuable  to  the  baker 
in  that  it  coagulates  with  heat  similar  to  the  hardening  of  a  white  of  an  egg 
on  boiling.  The  gluten  is  largely  peptonised  by  the  enzyme  peptose  to 
the  albumin  group,  which  dissolves  into  the  free  water  of  the  dough. 
When  placed  in  the  oven,  coagulation  commences  and  flakes  appear  at  the 
same  time,  producing  a  very  white  flaky  crumb.  The  albumins  are  not  used 
by  the  yeast  as  food,  being  much  too  complex  in  their  nature  to  pass 
through  the  pores  of  the  yeast  cell  membrane. 

Conunereial  improvera  are  sold  which  contain  albumins  and  which 
cause  an  improvement  in  the  properties  of  bread  and  cause  a  white 
color  of  the  crumb. 

Albumose-peptones.  Practically  nothing  is  known  concerning  the  sub- 
protein  groups  of  albumoeee  and  peptones,  excepting  that  the  peptones 
are  partially  used  as  yeast  food. 

Amino  Bodies.  This  is  the  simplest  group  of  proteins,  being  so  simple 
that  they  readily  pass  through  the  yeast  cell  membrane  and  are  readily 
metabolized  into  new  protoplasm.  This  new  protoplasm  causes  a  repro- 
duction of  the  yeaet,  resulting  in  a  very  laige  multiplication  of  the  yeast. 
The  increased  nourishment  afForded  the  yeaet  with  its  resultant  invigora- 
tion  produces  increased  yeast  growth  and  a  constant  tendency  to  separate 
the  yeast  into  individual  cells  and  thus  avoid  cell  a^regations.  The 
individual  cells  will  cause  the  production  within  a  given  time  of  a  much 
larger  amount  of  carbonic  acid  gas. 

If  the  individual  yeaet  cells  eomprieing  these  clusters  be  undisturbed 
or  insufficiently  nouriBhed,  they  remain  intact,  and  tbrot^  combined 
action  of  the  aggregated  cells  cause  the  production  of  holes  in  the  crumb, 
and  a  lack  of  uniformity  in  its  texture.  Due  to  the  increased  distribution 
of  the  invigorated  yeast  cells,  combined  with  the  larger  number  of  the 
tatter,  each  particle  of  dough  becomes  aerated  and  a  greater  volume  of  loaf 
results. 

There  are,  at  the  present  time,  several  so-called  "  flour  improvers  " 
sold  on  the  market  to  bakers  which  contain  amino  bodies  as  an  active 
principle.  The  properties  of  the  bread  are  greatly  improved  in  a  number 
of  particulars  by  the  addition  of  these  substances  containing  amino  bodies 
to  the  bread  dough.  A  greater  volume  per  weight  of  bread  results,  with  a 
fine  texture  due  to  the  uniform  distribution  of  the  fomentation  gas  cells. 
The  flavor  is  improved  through  a  larger  amount  of  alcohol-forming  esters 
with  the  dough  acids.  The  amino  bodies  also  increase  the  digestibility 
and  whoIesome^esB  of  the  bread  in  providit^  an  increase  in  nitrogenous 
substances  easily  .\bsorbed  by  the  human  system. 

CarbohydrateB.    One  of  the  most  complex  carbohydrates  is  known 
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to  the  chemist  as  eellvloae.  This  Bubstance  is  toti^y  insoluble  in  water, 
and  its  character  can  be  changed  only  with  difficulty.  The  substance 
known  to  the  technical  baker  as  crude  fiber,  contained  in  small  amounts 
in  flour,  is  composed  chiefly  of  cellulose.  So  far  as  is  known  to-day,  cel- 
lulose is  objectionable  in  bread  doughs.  Flours  containing  large  ainounta 
of  cellulose  in  the  form  of  crude  fiber  are  considered  of  less  value  for  baking 
purposes  than  those  flours  which  contain  only  onall  quantities,  for  crude 
fiber  as  contained  in  flour  carries  with  it  a  brown  color,  which  gives  the 
resulting  bread  a  darker  crumb. 

Cellulose,  due  to  its  extreme  insolubility,  under  digestive  conditions 
b  considered  by  physicians  as  desirable  in  human  food.  The  solid  particles 
of  cellulose,  acting  as  roughage,  thus  aiding  the  elimination  of  waste 
products.  Patents  have  been  issued  to  an  English  inventor  working  in  the 
field  of  bread-making,  allowing  him  to  add  an  enzyme  cytase  to  bread 
doughs  for  the  purpose  of  dissolvii^  the  cellulose  present,  thus  maVing  the 
bread  much  more  readily  d^estible. 

Staidi.  Starches  can  be  obtained  in  three  usual  forms:  Eaw  starch, 
gelatinized  starch  and  soluble  starch.  Raw  starch  is  that  form  of  starch 
which  exists  naturally  in  nature,  and  forms  the  maJn  portion  of  cereals. 
It  exists  in  small,  round,  microscopical  cells.  The  interior  is  termed 
starch  granulose,  and  the  exterior  of  the  cell  is  termed  starch  cellulose. 
When  this  cell  w^  of  starch  cellulose  is  broken,  the  granuloee  is  liberated 
and  with  water  fonns  a  jelly-like  substance  termed  galatinized  starch. 

This  same  starch  granulose,  under  certain  conditions,  will  completely 
dissolve  in  water  without  forming  a  jelly-like  substance,  and  in  this  con- 
dition is  termed  soluble  starch.  Raw  starch  has  the  property  of  absorbing 
a  considerable  quantity  of  water,  and  for  this  reason  is  beneficial  in  bread 
production  when  properly  used,  inasmuch  as  it  effects  the  economic  pro- 
duction of  the  bread.  When  raw  starch  in  water  is  subjected  to  heat,  the 
cells  swell  and  finally  burst,  thereby  forming  gelatinized  starch.  Starch 
in  this  form  and  under  favorable  circumstances  is  readily  changed  by  the 
enzyme  diastase  (existing  in  small  amounts  in  flour  and  in  lai^  amounts  in 
malt)  to  malt  sugar  and  dextrin.  However,  at  the  temperature  of  dough 
fermentation  80"  F.,  diastase  is  very  nearly  inactive.  Therefore,  very 
little  change  from  starch  to  sugar  occurs  in  the  dough,  even  if  the  starch 
were  in  a  gelatinized  condition.  If  gelatinized  starch  is  present  in  the 
dou^,  a  slight  inversion  to  si^ar  occurs  durii^  the  time  that  the  dough 
piece  is  in  the  oven,  while  baking,  and  then  only  during  the  time  that  the 
temperature  remains  within  the  limits  of  100°  F.  to  170°  F.,  because  the 
activity  of  diastase  is  completely  destroyed  at  a  temperature  above  170° 
F.,  and  providing,  of  course,  that  diastase  is  present  in  the  dough.  Malt 
sugar  and  dextrin  may  be  produced  from  starch  by  scalding  raw  starch, 
thus  putting  it  in  a  gelatinized  condition,  and  then  adding  some  ground 
malt  or  high  diastatic  malt  extract.  The  temperature  at  which  this 
inversion  of  starch  to  sugar  occurs  must  be  between  the  limit  (rf  100°  F. 
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and  170°  F.  Sugar  produced  in  this  way  and  added  to  bread  dough  will 
result  in  a  product  of  finer  properties,  especially  in  regard  to  color  of  the 
crust.  Malt  sugar,  produced  in  this  way  from  starches,  does  effect  a 
noticeable  improvement  in  the  properties  of  the  bread,  and  also  diminishes 
the  cost  of  bread  production.  Ordinary  bakers'  yeast  is  more  accustomed 
to  fermenting  this  sugar  than  cane  sugar.  This  sugar  is  the  same  as  that' 
which  yeast  is  allowed  to  ferment  in  its  production  within  the  walls  of  the 
factory,  and  yeast,  like  other  hving  organisms,  thrives  best  when  under 
similar  conditionB  throughout  its  life.  When  cane  sugar  is  used  for  the 
production  of  gas,  the  yeast  'in  the  dough  is  under  slightly  different  con- 
ditions to  those  to  which  it  is  accustomed,  thus  not  giving  the  greatest 
rapidity  of  fermentation.  Commercial  materials  may  be  purchased  on  the 
market,  whose  principal  ingredient  is  starch  in  either  a  gelatinized  or  solu- 
ble condition,  and  which  can  be  so  used  in  a  bread  dough  as  to  give  exceed- 
ingly beneficial  results,  and,  at  the  same  time,  economize  the  production 
of  the  loaf  of  bread. 

Deztrius.  Little  is  known  concerning  the  influence  of  the  dextrin  in 
the  production  of  bread.  It  is  known,  however,  that  dextrim  exist  in 
the  dough  and  iQ  the  resulting  bread,  and  that  under  certain  conditions 
some  of  the  starch  in  the  dough  is  changed  to  dextrin  and  malt  sugar. 
The  influence  of  dextrin  is  undoubtedly  most  important  in  the  chemistry 
of  the  crust  of  the  bread.  A  lai^  percentage  of  dextrins  in  a  bread  dough 
will  cause  a  very  hard  crust  on  a  loaf  of  bread.  The  class  of  substances 
known  chemically  as  the  dextrins  become  very  hard  and  brittle  when 
subjected  to  high  moist  heat. 

Sugars.  The  influence  of  the  group  of  chemical  substances  known  to 
the  chemist  as  the  sugars  is  one  of  the  most  important.  The  character  of 
the  individual  sugars  plays  a  most  important  part  in  the  proper  fermenta- 
tion of  a  bread  dough.  The  influence  of  the  sugars  are  known  to  the  chem- 
ist, only  a  few  concern  the  baker.  The  sugars  which  influence  the  proper- 
ties of  bread,  and  which  should  be  understood  most  thoroughly  (to  produce 
.  a  proper  dough  fermentation  and  to  use  proper  baking  conditions)  are  cane 
sugar,  known  as  saccharose,  malt  sugar  (maltose) ;  com  sugar  or  glucose 
(dextrose),  and  milk  sugar  or  lactose. 

Saccharose.  This  is  the  chief  constituent  of  commercial  cane  sugar, 
which  is  the  sugar  used  to  the  greatest  extent  to-day  by  bakers  throughout 
the  world.  Saccharose  is  very  sweet  to  the  taste,  and  sweeter  than  maltose, 
dextrose,  or  lactose;  and,  as  a  sweetening  agent,  saccharose  is,  therefore, 
the  most  effective.  However,  sugar  in  bread-making  is  used  through  yeast 
fermentation;  and,  in  this  capacity,  saccharose  is  not  the  most  desirable 
material.  Mention  has  been  made  previously  that  yeast  uses  the  sugars 
not  as  nourishment,  but  only  as  a  means  to  secure  energy  to  maintain 
its  life  functions.  Under  the  conditions  of  manufacture  the  yeast  is  allowed 
to  ferment,  and  develops  in  a  media  that  does  not  contain  saccharose,  and, 
therefore,  when  this  yeast  is  employed  in  a  dough  and  used  to  create  gas 
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from  cane  si^r,  it  must  do  so  under  different  conditions  from  wbat  it  was 
previously  accustomed  to  during  its  manufacture  and  development.  It 
thus  receives  a  shock,  as  it  were,  from  which  many  minutes  are  required 
before  it  has  recovered.  Thus,  a  fairly  long  time  is  required  for  the 
"  first  rise  "  of  the  dough.  Another  property  of  saccharose  that  is  exceed- 
ingly useful  to  the  baker  is  that  of  carameUzing  when  subjected  to  high 
heat.  SaccbaroBe  changes  to  caramel  (a  brown,  sweet  substance),  when 
temperature  conditions  are  favorable  to  this  change.  This  property 
enables  the  baker  by  the  addition  of  cane  si^ar  to  the  doi^  to  obtun  a 
very  deep  brown  color  on  the  crust  of  the  bread,  which  is  deemed  desirable 
by  the  majroity  of  the  pubUc  in  America.  This  color  of  crust  is  due  to  the 
caramelisaton  of  the  sugar  in  the  dough  during  the  time  of  its  baking 
in  the  oven. 

Maltose.  This  sugar  ie  very  similar  to  saccharose  in  its  chemical 
composition,  but  does  not  possess  the  sweet  taste  of  the  latter.  This 
would  be  considered  a  desirable  quality  by  many  Americans  whose  palates 
tire  of  food  products  possessing  even  a  slight  sweet  taste.  Malt  sugar 
(maltose)  is  the  result  of  the  inversion  of  starch  by  diastase,  which  process 
occurs  commonly  throughout  nature.  In  all  Ufe  processes,  malt  sugar  is 
produced  in  this  manner  to  be  used  by  the  hving  organisms  as  a  source  of 
Ufe  energy.  Distillers'  yeast,  used  by  the  baker  to-day,  is  developed  in  a 
nourishing  medium  containing  malt  sugar  (maltose)  and  has,  in  the  course 
of  its  development,  become  accustomed  to  fermenting  maltose  into  car- 
bonic acid  gas  and  alcohol  to  obtain  energy  to  carry  on  its  life  functions. 
Maltose  used  in  place  of  aaccharoae  in  a  bread  dough  will  improve  the  vol- 
ume, texture,  and  color  of  a  loaf  of  bread.  Since  the  yeast  cell  is  accus- 
tomed to  fermenting  maltose,  its  use  in  bread-makii^  is  desirable. 

Fermentation  is  stimulated,  and,  consequently,  an  increased  yeast- 
growth  results.  This  greater  stimulation  tends  to  separate  the  yeast 
into  individual  celb,  thus  disintegrating  the  yeast  cell  clusters  so  often 
formed.  The  individual  cells  create  each  a  fermentation  gas  cell  in  the 
dough  piece  during  proofing,  thus  causing  the  bread  to  have  greater  volume* 
and  finer  texture. 

Maltose  as  saccharose  caramelizes  with  high  heat,  but  to  a  much 
greater  extent  and  at  a  considerably  Iowct  temperature.  Two  dot^hs 
containing  an  equal  mnount  of  sugar  at  the  time  of  baking  (one,  however, 
containing  sugar  in  the  form  of  maltose  and  the  other  saccharose)  will 
result  in  two  loaves  of  bread  varying  greatly  in  their  depth  of  color.  The 
one  containing  the  maltose  will  have  a  much  deeper  color,  since  the  color 
is  due  to  the  caramehzation  of  the  sugar.  Malt  sugar  caramelises  at  a 
fairly  low  heat  The  loaf  of  bread  containing  the  maltose  will  also  be  less 
sweet  to  the  taste,  due  to  the  greater  sweetness  of  the  saccharose.  Com- 
mercial improvers  which  contain  maltose  can  be  purchased  on  the  market. 
However,  it  is  exceedingly  difficult  to  obtain  maltose  as  an  article  for  sale, 
as  it  absorbs  water  rapidly,  forming  bard  lumps. 
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Dttttcose  and  Lactose.  Dextrose  ia  a  lesa  complex  sugar  chemictilly 
than  either  of  the  latter  sugars.  Both  saccharose  and  maltose  must  first 
be  changed  to  dextrose  within  the  yeast  cell  before  the  enzyme  zymase 
(existing  also  within  the  yeast  cell)  can  ferment  it  to  carbonic  acid  gas  and 
alcohol.  Bakers'  yeast,  however,  can  ferment  dextrose  directly  to  car- 
bonic acid  gas  and  alcohol  The  use  of  dextrose,  then,  will  allow  a  more 
rapid  fermentation.  Dextrose  caramelises  at  a  very  high  temperature — 
h^her  even  than  saccharose;  and  for  that  reason  less  color  is  produced 
on  the  crust  during  baking  when  dextrose  only  is  added  to  the  dough. 
By  using  more  than  equivalent  amounts  of  dextrose  in  the  dough,  the  same 
depth  of  color  will  form  on  the  crust  of  the  bread  as  with  the  use  of  sac-  ■ 
charose.  Dextrose  is  the  chief  ingredient  of  sugars  made  by  boiling  starch 
with  acid  known  as  glucose,  and  sold  by  the  bakers  as  an  improver.  Some 
other  commercial  improvefB  contain  deictroee.  Lactose  is  unfermentable 
by  bakers'  yeast. 

Fats.  The  fat  content  of  white  fiour  varies  from  i  to  J  per  cent, 
larger  amounts  of  fats  in  flour  are  considered  as  dangerous  to  its  keeping 
qualities.  The  baker  adds  from  1  to  5  lbs.  of  fat  to  the  dou^  fw  each 
barrel  of  fiour  employed.  The  fat  mello\ra  the  constituents  of  the  dough 
producing  a  loaf  soft  to  the  palate  and  of  more  balanced  food  value. 
Liquid  fats  are  preferred  by  bakers,  due  to  the  ease  of  handUng,  and  also 
through  the  greater  shortening  effect  of  olein. 

Esters.  Flour  is  itself  insipid  to  the  taste.  After  fermentation  its 
taste  and  flavor  are  modified  and  become  very  pleasant.  This  change 
is.due  to  the  formation  during  dough  fermentation  of  a  chiss  of  substances 
known  as  esters.  They  are  formed  by  the  combination  of  the  alcohols  in 
the  dough  (amyl,  ethyl)  with  the  dough  acids  as  lactic  acid  and  small 
amount  of  acetic  acid.  The  characteristic  aroma  of  baked  bread  is  prob- 
ably due  to  mellinoids. 

Alcohols  are  formed  during  dough  fermentation  through  the  action  of 
yeast  on  the  various  sugars  of  the  dough.  The  enzyme  ^mase  within  the 
cell  breaks  down  the  sugar  to  alcohol  and  carbonic  acid  gas.  While  ethyl 
alcohol  is  produced  in  amounts  equal  to  about  one-half  the  weight  of  the 
sugar,  amyl  and  butyl  alcohol  are  formed  in  very  small  quantities. 

Mineral  Matter.  The  mineral  matter  in  bread  is  received  through  the 
mineral  content  of  the  various  materials  employed.  Water  has  been 
found  to  contain  many  minerals  of  value  in  bakir^  and  others  which  exert  a 
harmful  influence.  Waters  containing  calcium  sulphate  and  small  amounts 
of  magnesium  sulphate  stimulate  the  yeast  during  dough  fermentation  and 
cause  a  more  rapid  fermentation.  Calcium  carbonate  in  water  has  the 
reverse  e£Fect  and  is  considered  harmful.  Ammonium  chloride  and  cal- 
cium chloride  added  to  bread  dough  in  small  amounts  has  been  found  to  be 
beneficial. 

Carbon  dioxide  is  produced  during  dough  fermentation  by  the  action 
of  yeast  on  the  sugars  of  the  dough.    Carbon  dioxide  is  formed  equal  to 


1208  INDUSTRIAL  CHEMISTRY 

neariy  oae-balf  the  weight  of  the  sugar  fermented.  The  gas  oauaes  the 
material  of  the  dough  to  expand  and  thus  causes  the  dough  to  rise.  The 
water  of  the  dough  absorbs  the  gas  and  becomes  saturated.  When  the 
dough  piece  is  placed  in  the  oven  the  gas  expands  by  the  heat  as  the  tem- 
perature rises.  The  gaa-laden  water  of  the  dough  no  longer  can  hold  the 
carbonic  acid  gas  which  comes  out  of  solution  causing  the  spring  in  the 
oven.  The  carbon  dioxide  of  the  dough  remaining  in  the  bread  after 
baking  gives  the  bread  zest,  especially  when  fresh. 

Water.  The  water  employed  in  baking  bread  effects  the  process  of 
production  by  the  ingredients  which  are  dissolved  in  the  water,  such  as 
proteins,  sugar,  etc.  Water  is  one  of  the  chief  components  of  bread  and 
forms  about  40  per  cent  of  its  weight.  It  evaporates  slowly  and  thus 
diminishes  as  the  bread  gets  older  and  stale.  About }  to  2  per  cent  of  the 
water  added  to  the  dough  evaporates  during  dough  fennentatioQ. 
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AbratiTespre«,41 
Abeinthe,  977 
Absolutes,  770 
Abeorption  Hyatem,  87 
Acacia,  818 
Acetanilide,  4d5 
Acetate,  crude,  64Q 

industries,  106fi 

of  Boda,  646 
Acetic  acid,  306,  466,  648 

facial,  649 
Acetic  anhydride,  46S 
Acetone,  465,  650 
Acetophenone,  780 
Acetyl  chloride,  466 
Acetylene,  465,  533 

black,  400 

impurities  ia,  630 
Acid  colotB,  1019 

eoolera,  161 

egg,  166 

lifts,  166 

mordanto,  1007 

tnt,  713 
Acker  prooess,  260 
Aeration,  77 
Agar-agar,  818 
Agitators,  603 
Air  drying,  1163 
Albumens,  1203 
Albumoee-peptones,  1208 
Alcohol,  1200 

beniyl,  786 

oinnamyl,  786 

denatured,  978 

ethyl,  966 

industrial,  978 

phenyl-ethyl,  784 

wood,  aso 

Alcoholic  liquors,  967 
Aldehydee,  772 
Aldehyde  tannage,  1108 
Ale,  921 

American,  944 

bottling,  944 
Alisarine,  466 
Alkali  earths,  83S 


Alkali  metals,  338 
Alkaline  peroxide,  242 

starches,  902 
All  oU  water  ga^,  626 
Allspice  oil,  800 
Almond  oil,  664 
Alpaca,  991 
Alum  tannage,  1107 
Aluminium,  221,  226,  296 

aceUte,  220 

carbo-nitride,  445 

chloride,  220 

hydroxide,  220 

nitride,  295 

oxide,  220 

sulphate,  221 
Alundum,  284 
Amalgamator,  734 
Amber,  815 
Ambergris,  781 
American  whiskey,  968 
Amine,  816 
Amino  bodies,  1203 
Ammonia,  221,  433 

liquor,  601 

oxidation  of,  202 

recovery,  602 

scrubber,  409 

soda  process,  250 
Ammonium  bicarbonate,  223 

carbonate,  223 

chloride,  223 

nitrate,  223 

sulphate,  223 
Amyl  acetate,  466 

alcohol,  466 
Aniline,  466 

black,  1025 
Animal  fats,  670 

fibers,  982 

oils,  065 
Anisette,  977 
Anise  oil,  702 
Annealing,  356 
Anslese  wines,  961 
Anthracene,  466,  560 
Anthracite  coal,  lit 
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Anthnuute  coal,  analysis  of,  112 
Anthraquinone,  406 
Antifreeiiog  solutious,  236 
Antimony,  223 

fluoride,  223 
Apatite,  226 
Apricot  brandy,  977 
Aqua  ammonia,  222 
Aquavit,  078 
Araiym,  109S 
Argon,  234 
Arrack,  066 
AiTowroot,  904 
Arsenic,  231 

oxide,  224 

sulphide,  1008 
Arsenical  pyrites,  224 
Artificial  abrasives,  284 

ebcTH,  982 

graphite,  285 

leather,  1063 

Bilk,  IOCS,  1060 
Asbestos,  234,  400 
Asbestine,  400 
Ashcroft  cell,  261 
Asphalt,  608,  616 

base  oils,  607 

ball  and  ring  method,  616 

consistency,  617 

melting  point  of,  616 

penetratjon,  617 
Aspbaltino,  609,  617 
Auberpine,  790 
Austen  tite,  427 
Autoclaves,  39 
Automobile  oils,  716 
Avicenne,  767 
Ah>  colors,  1024 
.    insoluble,  1024 
Aiurit«,  229 


Bagasse,  871 
Bag  filter,  8 

filtration,  89G 
Baked  products,  consumption  of,  1182 
Bakery  shops,  U83 

methods  employed  in,  1183 
Baking,  dough  fermentation,  1187 

dividing,  1187 

finishing,  1187 

mixing,  1187 

prorees,  1187 

proofing,  1187 
Baking,  1181 

definition  of,  1181 

first  rise,  1206 

handicraft,  1182 

industry,  1183 


Baking,  Japans,  861 

kitchen  equipment,  1182 

method,  1182 

mixing  operation,  1201 

oldest  form  of,  1195 

oven  operations,  1200 

science  of,  1201 
Balata,  847 
BaU  cUy,  330 

mills,  4 
Balloon  gaa,  S38 
Balsam  Peru,  782 
Barium,  224 

carbonate,  224,  MO 

chloride,  224 

hydroxide,  224 

oxide,  224 

peroxide,  224 

sulphate,  224,  400 
Barley,  946 
Bara  paints,  408 
Barrel  syrup,  896 
Baryt«8,  224,  400 
Basic  Bessemer,  421 
Basic  colors,  1018 
Bates,  chemical,  1100 
Bat  guano,  447 
Bating,  1099 
Bavarian  beer,  045 
Bauxit«,  219 
Bay  beny  wax,  6S< 
Bay  oU,  793 
Bayer  process,  297 
Beater  engine,  1035 
Beef  t^low,  680 
Bee-hive  oven,  113, 630 
Beer,  920 

cereal  base  for,  920 

character  of,  920 

chemically,  920 

classification  of,  921 

dietetically,  920 

English,  942 

economically,  910 

German,  919 

hygienically,  919 

Norse,  919 

preservative  principle,  022 

properties  of,  920 

technically,  920 

Teuton,  919 

Weiss.  945 
Beeswax,  685 
Beet  sugar,  883 

crystalliiation  of,  888 

curing  of,  888 

evaporation  of,  888 

extraction  for  molasses,  888 

extraction  of  juice,  884 

osmose  process,  890 
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Beet  nig&r,  prepantion  of,  fi 
proceaa  diagnm,  889 
purging,  888 
purificatioD  of  juice,  886 
raw  materi&lB,  for,  883 
Scbeibler'B  proce«,  890 
St«ffeQ's  proceM,  891 

BelKi&n  skg,  457 

BeU  process,  269 

Belt  dreasing,  7ie 
leather,  UM 

Benedictine,  977 

Beauldehyde,  466,  703 

Beniene,  467 

Beniidine,  467 

Beniine,  402,  860 

BeoKiic  acid,  467 
ester,  786 

Beniol,  402,  S64 
agitator,  564 
black,  399 


recovery,  541 

BtiU,  559 
Beniyl  acetate,  786 

alcohol,  785 

esters,  785 
Beniyldiacetone,  792 
Bergamot  oil,  793 
Bessemer  steel,  420 
Beta  naphtbol,  470 

disulpbonic  acid,  470 
BUlit«r-Leykam  oell,  2607 
Billiter-Siemens  cdl,  268 
Birch  oil,  791 
Biecuits,  1181 
Bismuth,  225,  300 

nitrate,  225 

subnitrate,  226 
Bitter  almond  oil,  709 
Bituminous  coal,  100 

analysis  of.  111 

paints,  411 
Blaclc  ash,  249 

iron,  232 

oils,  717 

powder,  lOTl 

Bl&nc-fi'xe,  224 
Blast  furnace,  410 

stoves,  416 
Blau  gas,  531 
Bleaching, 

by  means  of  okhw,  2S6 

oils,  686 

water  for,  67 
Blubber  oils,  666,  673 
Blue  lead,  396 
Bluestone,  229 
Blue  vitriol,  220 


Bock  beer,  M6 
Bohemian  beer,  946 
Boiled  linseed  oil,  607 

tar,  646 
Boiler  compounds,  86 

wBt«rs,  69 
Boiling  oils,  861 
Bone,  468 

black,  460 
Boric  acid,  226 
Boron,  225 
Borouatrocalnte,  226 
Bottles,  358 
Bottling  ales,  944 
Bnndy,  066,  972 
Brass,  220,  302 
Bread,  U81, 1183 

American  type,  1107 

appetising  qualities,  1100 

aroma  of,  1199 

bloom,  1198 

oolor  of  cnimb,  1108 

color  of  crust,  1198 

composition  of,  1190 

digestibility  of,  1199 

En^iah  type,  1107 

flavor  of,  1199 

French  type,  1197 

gain  of,  1198 

homemade  type,  1197 

Irish  batch,  1107 

nutritive  value,  1109 

palatability  of,  1100 

shape  of,  1198 

taste  of,  1199 

texture  of,  1108 

value  of,  1197 

Vienna  type,  1107 

wholeeomenes,  1109 
Bread  factories,  1185 

construction  of,  1186 

economics  of,  1185 

equipment  of,  1185 
Bread  making,  1188 

fermentation,  1188 

ferment  sponge,  1180 

flour,  1189 

improvers,  1 103 

mixing,  1188 

sponge  and  dough  method,  1189 

strai^t  dough  method,  1188 

technology  of,  1106 

water,  1101 

yeast,  1194 
Break,  603 
Brewing,  010 

bottling  plant,  038 

brew  house,  024 

chip  cellar,  926 

dry  hoppinft  044 
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Brewing  equipmBot  for,  924 

history  of,  919 

mill  house,  924 

operationa  of,  924 

oione  in,  242 

pipe  coolers,  926 

power  plant,  928 

priming,  944 

refrigeration  plant,  929 

stock  cellar,  926 

surface  cooler,  926 

Tatting,  944 

wash  house,  926 

water  for,  64 
Brewing  materials,  929 

cereals,  929 

clarifying  chips,  9S2 


molt,  929 

pitch,  931 

properties  of  malt,  929 

varnish,  931 

water,  931 
Brewing  operations,  932 
Brewing  system,  941 
Bricks,  329 

burning  of,  333 

days,  331 

drying  of,  333 
Brimstone,  263 
Briquettes,  110 
British  gum,  912 
Bromine,  226,  278 
Bronzing  liquids,  1063 
Bucket  conveyors,  35 
Buhr-«tone  milts,  3,  6 
Building  bricks,  332 
Burgundy  pitch,  816 
Burners,  lamp,  132 

O'Brien,  135 

Wedge,  136 
Burning  oils,  699 
Burnt  ochre,  397 

sienna,  397 

umber,  397 
Butter  fat,  682 

substitutes,  682 
Button  lao,  821 
Butyric  acid,  467 

Cadmium,  223 

eulphide,  22'J 

yellow,  226 
Caesium,  226 
Cake,  1181,  11S4 


Calcination,  17 


Calcium,  226,  298 

carbide,  282,  634 

carbonate,  226,  401 

chloride,  226,  251 

cyanamide,  441 

hydroxide,  226 

oxide,  226 

sulphate,  226 
Calf  skins,  1104 

vegetable  tanned,  1104 
Calomel,  236 
Calorific  power,  104 
Calorimeter,  105 
Camphor,  791 
CandeliUa  wax,  683 
Cane  mills,  S69 
Cane  sugar,  866 

manufacture  of,  882 

preparation  of,  866 

raw  materials  for,  866 
Carbohydrates,  1200,  1203 
Carbon,  226 

black,  399 

dioxide,  1200 

disulphide,  226,  288 

tetrachloride,  227 
Carbonating  tower,  250 
Carbonizing  teroperaturea,  492 
Carborundum,  284 
Camallite,  234 
Camauba  wax,  683 
Cor  oils,  716 
Carter  procees,  367 
Casein,  1127 

analysis  of,  1130 

application  of,  1181 

chemistry  of,  1127 

dyeing,  1134 

food,  1135 

from  buttermilk,  1180 
I,  1134 
of,  1129 

paints,  1132 

paper  making,  1132 

plastic  masses  from,  1133 

preparation  of  technical,  1129 

printing,  1134 
Cashmere,  991 
Coeing  head  gas,  607 
Cassia  oil,  797,  300 
Cast  iron,  malleable,  423 
Castile  soap,  665,  738 
Castor  oil,  664 
Castorium,  782 
CatalyMm,  701 
Caustic  potash,  244 

soda,  247,  281 
Cedar  oil,  797 
Cellulose,  650,  1048, 1204 

analytical,  1067 
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Cdluloee,  compodUon  of,  1050 

coDBtttution  of,  1050 

definitioD,  1048 

derivation  of,  1055 

dispUcemeat    method    of    nitntioa, 
1077 

general  character,  1048 

industries,  1048 

method  of  nitration,  1077 

nitrate  silk,  1060 

nramal,  1050 

propertieg  of,  1051 

nw  DiBterialB,  104B 

nlveota  for,  1052 
Cellephane,  1062 
CeUon,  1065 
Cement,  304 

duet,  243 

grappier,  312 

m^nesia,  234 

painte,  410 
Cementite,  427 
Centrifugal  machine,  11, 13 
Cerite,227 
Cerium,  227,  254 
Chaloopyrite,  220 
Chalk,  228 
Chamber  plant,  141 

reactions,  153 
Chamois  skins,  preao,  41 
Charcoal,  112,  800 

kiln,  635 

pit,  635 
Char  filter,  000 

filtration,  806 
Charging  machine,  479 
Chartreuse,  977 
Chaser,  3 
Chemical  apparatus,  38 

bates,  1100 

fixing  agents,  1008 

pulp,  1041 

tinder,  265 
Cherry  brandy,  977 
Chestnut  extract,  1111 
Chewing  gum,  846 
Chicle,  846 

China  wood  oil,  401,  667 
Chinese  wax,  684 
Chip  cellar  operations,  9SB 

carboniiing,  940 

clarification,  940 

filtration,  940 

fining,  040 

kraeusening,  930 
Chlorates,  manufacture  of,  277 
Chlorine,  227,  258 

raw  materials  for,  258 
Chktroform,  302,  467 
Chromate  of  line,  308 


Chrome  alum,  228 

green,  398, 1017 

oxide,  300 
Chrome  process, 

one  bath,  U06 

two  bath,  1105 
Chrome  tannage,  llOS 

black  on,  1111 

colon  on,  It  11 
Chrome  yellow,  220,  308, 1017 
Chromic  acid,  228 
Chromite,  227 
Chromium,  227 

acetate,  228 

chloride,  228 

oxide,  227 

steel,  429 

sulphate,  228 
Cinnabar,  235 
CioDunic  acid,  705     - 
Cinnamon  oil,  800 
Cinnamyl  alcohol,  785 
Circulating  kier,  900 
CitrouelU,  795 
Citronellol,  783 
Citrus  oils,  793 
Civet,  781 
Clays,  320 

uses  of,  331 
Clove  oils,  790 
Coal,  anthracite.  Ill 

bituminous,  100 

auiraniiation,  486 

claaeification,  487 

conveyor,  478 

handling,  485 
Coal  gas,  121 

analysis,  of,  121 

composition  of,  480 

impurities  in,  497 

manufacture  of,  476 

retorts,  477 
Coal  tar,  494 

classification  of,  1018 

colors,  1017 

composition  of,  489 
Cobalt,  229 

blue,  308 
Cobaltite,  224 
Cochineal,  1016 
Cocoa  butter,  678 
Cocoanut  oil,  678 
Cod  liver  oU,  671 
Coffee  cake,  1181 
Coffey  still,  31 
Coke,  113,  405 

analysis  of,  406 

composition  of,  489 
Cold  process  soap,  737 
Cold  rinse,  700 
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Cold  stor^e,  241 

sweat,  1096 
Coliw  ironer,  764 
Cdlodioa,  1062 
Ceroids, 

agriculture,  1140 

aBtronoiny,  1138 

boiler  acale,  1149 

brewing,  1147 

cement,  1149 

oeramicB,  1140 

chemical  analysis,  1150 

day,  1140 

confectionery,  1147 

digestion,  1152 

d^ing,  1143 

dectroplating,  1142 

filtration,  1149 

food,  1151 

geology,  1140 

ice  cream,  1147 

metallurgy,  1142 

meteorology,  1139 

milk,  1145 

mineralogy,  1140 

mort&r,  1149 

pathology,  1151 

pharmacy,  1150 

pfaofaigraphy,  1146 

physiology,  1151 

rubber,  1148 

soap,  1144 

tanning,  1148 
Colored  fabrics,  764 
Common  limes,  304 
Combustion,  119 

beat  of,  104 
CompreeBion  system,  3? 
CraicoitTates,  362 
Condenaen,  497,638 

deflagntmg,  498 
Condensed  foods,  1156 

milk,  1170 

scope  of  industry,  1172 
Coni(»l  mills,  6 
Contact  process,  181 
Continuous  kilns,  307 
Colored  ^ass,  357 
Colors  on  leather,  1109 
Columblum,  220,  253 
Columbite,  220 
Ctdumn  stiU,  30 

deUils  of,  560 
Coba  oil,  663 
Conveying  gases,  36 

liquids,  35 

sohds,  34 
Cookers,  1181 
Cooleis,  322 
Copal,  816,  854 


Copper,  229 

oxide,  220 

sulphate,  280 
Copperas,  232 
Cordials,  976 
Cordite,  1081 
Corer,  1167 
Com,  analysis  of,  90O 
Com  oil,  401,  659 
Com  syrup,  905 
Corrosion,  60 
Corrosive  sublimate,  280 
Corroding,  363 

pig  lead,  365 
Corundum,  220 
Cotton,  904 

bleaching  of,  908 

boiling  out,  1001 

chemical  properties,  906 

chemicking,  1001 

fiber,  906 

finishing,  1012 

gray  wash,  1001 

mailing  of,  1000 

mordanting  of,  1010 

physical  prop^tiee,  99B 

scouring,  1002 

sii^eing,  1000 

washing,  1001 
Cottonseed  meal,  44S 

ashes,  462 
Cottonseed  oil,  669 

deodoriiing  of,  662 

refining  of,  660 

stearine,  661,  676 
Coumarine,  467 
Cracking,  617 
Crank  case  oils,  717 
Creams,  shaving,  738 
Creme  de  Cocoa,  977 
■    menthe,  977 

roses,  977 

vanilla,  977 

yvette,  977 
Creosote  oil,  667 
Cresotue  test,  570 
CreB0l,568 
Croton  oil,  663 
Crown  ^aas,  363 
Crucible  steel,  420 
Crude  acetates,  645 

petroleum,  609 

rubber,  829 

tar,  647 
Crusher,  jaw,  1 

rotary,  fine,  2 
Crushing  ore,  131 

rolls,  2 
Crutehiog,  720 
Cryolite  proooss,  221,  251 
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Cryirti>11!«Htion,  16 

fractional,  17 
CrystalliziaR  evaporatoTB,  28 

pans,  17 
Cuba  wood,  1016 
Cuff  ironer,  764 
Cumarine,  79Q 
Cummer  system,  336 
Cup  grease,  71ft 
Cuprammonium  ailk,  1061 
Curacao,  978 
Curb  press,  44 
Cutch,  1017 
Cyanamide,  294,  441 

recovery  o(,  561 
Cylinder  oils,  604,  717 

Dammar,  816 

vami^,  852 
Defl^rating  coadenaefs,  408 
Ddtydration,  1159 

classificatioii  of,  1159 

deacriptioD  of,  11S9 
Dehydrated  ^g^  1176 

foods,  1156 

mUL,  1174 

vegetables,  1175 
Dehydration,  1167 

development  of  industry,  1167 
Denatured  aloohol,  078 

manufacture  of,  078 
Dentelles,  1116 
Depilation,  1095 

araiym  process,  1008 

arsenic  sulphide  process,  1098 

calcium  sulphydrat«  process,  lOOS 

liming  process,  1067 

sodium  sulphide  process,  1098 
Deodoriiing  oils,  662 
Dessert  wines,  061 
Destructive  distillationB,  221 
Detergente,  755 
Developing  agents,  1008 
Dextrin,  808,  912 
Dextrina,  1206 
Dextrose,  1207 
Diaphragm  process,  20S 
Diaspore,  210 
DigMters,  1041 
Dimethyl  aniline,  467 
Dinltro  glycerioe,  108S 
Dinitromonochlorhydrin,  1068 
Diphenyl  methane,  768 
Direct  colon,  1020 

evaporation,  19 
IXsintegrator,  2 
Dtstillation  30,  95 

watM,  96 

wood,  634 
Distilled  Uquor,  066 


Distilling,  water  for,  64 
Ditch  powder,  1089 
Dividivi,  1113 
Dog-fish  liver  oil,  672 
Dolomite,  2334 
Dolphin  oil,  674 
Dopes,  1062 
Dortmunder  beer,  946 
Doughis  &r,  634 
DraKons  blood,  816 
Drenching,  1100 
Dressing  leather,  1108 
Dried  fish,  1175 
Driers,  402,  600 

Japan,  861 
Drifting  sand  filters,  70 
Drips,  157 
Drop  black,  309 
Dryer,  rotair  vacuum,  lb 

revolving,  15 

vacuum  drum,  14 

vacuum  shelf,  13 
Dry  fish  scrap,  445 
Drying,  12 
Drying  oils,  vegetable,  656 

plant,  1168 

preparation  of  fruits  for,  1166 
of  vegetables  tor.  U66 

scope  of  industry,  1169 

technique  of,  1167 

temperature  employed,  1167 
Dry  kihis,  1160 
Dry  ahorteuing,  710 
Duodecoic  alcohol,  705 
Dump  car,  34 
Duplex  process,  422 
Dyeing,  1006 

assistants,  1009 

mechaoism  of,  1026 

water  for,  87 
DyeetufTs,  1006 

artificiij  organic,  1017 

classific^tioTi  of,  1018 

mineral,  1017 

natural  organic,  1011 
Dynamite,  1084, 1087 

gelatin,  1088 

^cerine,  750 

low  freeitng,  1088 

Ebonite,  842 


Edible  oils,  682 
Egg  oil,  676 

powder,  1176 
Eggs,  dehydrated,  1176 
Electric  iron,  423 

steel,  423 
Electrochemical  industries,  281 
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Electrolysis,  261 

Electrolytic  refinJDg,  299 

Electroplating,  301 

Eleme,  817 

ElevatiDg  liquids,  36 

Emei7,  220 

Enamel  paints,  408 

Eaamels,  1063 

Enfleurage  process,  769 

Engine  oils,  718 

Eogineering  clays,  332 

Enriching  oils,  513 

Eiuymes,  1199,  1201 

Epsom  salts,  234 

Erbium,  230 

Essential  oils,  766 
absolutes,  770 
acid  number  of,  772 
aldehydes  in,  772 
adulteration  of,  770 
alcohol  peroent^e,  773 
boiling  point  of,  771 
chemical  coastitutioD,  77JS 
productiim,  776 
treatment,  775 
commercial  synthesis,  776 
crude  distillation  of,  767 
enfleurage  process,  769 
ester  test,  772 
expressed,  769 
flower  concretes,  770 

pomades,  769 
fractional  distillation,  771 
important  groups,  779 
industrial  application,  780 
macerating  process,  769 
modem  distillation,  768 

sophistication,  773 
odor  groups,  778 
optical  rotation,  771 
phenols  in,  772 
purilicBtion  process,  778 
oil  content,  768 
solidification  of,  771 
solubility  of,  771 
specific  gravity  of,  771 
stability  of,  776 
steam  distillation  of,  7(6 
synthesis  of,  773 
traces  of  compounds  in,  777 
volatile  solvents  for,  770 

Esters,  1200,  1207 

Ether,  467 

Ethyl  alcohol,  966 
from  wood  waste,  10B7 

Eucalyptus  oil,  798 ' 

Euston  process,  369 

Evaporated  foods,  1166 
milk,  1170 

Evaporation,  16 


Evaporation,  direct,  18 

indirect,  19 

reduced  pressure,  IS 

spontaneous,  18 
Evaporators,  21 

classification  of,  1166 

description  of,  1169 

Ulie,  24 

SnensoD,  25 

Zaremba,  22 

Zaremda  crystallizing  2 
Exhauster,  498 
Explosives,  1066 
E:q>ort  beer,  916 


Fabrics,  classes  of,  768 
Foctoo' paints,  410 
Folding  chamber,  162 
Parrel  calendar,  830 
Fats,  1200,  1207 

animal,  679 

butter,  682 

classification  of,  653 

constitution  of,  654 

solid,  675 

vegetable,  675 
Feed-water  heater,  82 
Pcldman  apparatus,  222 
Feldspar,  219,  243 
Fermenting  cellar  operations,  987 

amount  of  yenst,  937 

kraeusen,  937 

pitching  with  yeast,  937 
Fermentation,  366 
Ferric  chloride,  232 

nitrate,  232 

oxide,  232 

sulphate,  232 
Ferrite,  properties  of,  420 
Ferro  alloys,  296 

chrome,  296 

silicon,  296 
Ferrous  acetate,  232 

sulphate,  232 
Fertilisers,  432 

calculations,  462 

historical,  432 

market  quotations,  435 

materials  for,  432 
Field  centrifugal  scrubby,  BOO 
Film  grease,  719 
Filter,  7 

bag,  8 

drifting  sand,  76 

open  tank,  9 

press,  8,  9,  696 

pressure,  76 

ribbed, 8 

rotary,  fl,  10 


yCoogIc 


niter,  Miction,  8 

Sweetland,  9 
PiltratioD,  7 

rapid  sand,  75 

alow  sand,  74 
Fines  burner,  135 

operation  of,  137 
Fire  brick,  334 

eUyB,330 
First  suds,  760 
Fish,  dried,  1175 

oU,  401,  666 
FixHtioD  of  nitroKea,  280 
Fixiitives,  779 
Fined  retorts,  637 
Floslilight  phott^^phy,  281 
Flash  test,  713 
Flat  wall  paint,  409 
Flaxseed,  691 

crusfaiDg  rolls,  692 

cake  former,  693 

sift«r,  691 
FlavoriDg  materials,  766 

constitution  of,  773 
Fleshing,  1095 
Flight  conveyors,  35 
Floating  soaps,  737 
Flooring  plaster,  326 
Floor  paints,  412 

varnish,  855 
Florida  phosphate,  454 
Flour,  production  of,  1181 
Flower  concretes,  770 
Flowers  of  sulphur,  2£3 
Flower  perfume  materials,  782 
Flower  pomades,  769 
Flounne,  230 
Flourrar,  226 
Foaming,  57 

Food  of  primitive  man,  1105 
Foots,  750 
Formaldehyde,  468 
Formic  acid,  468 
Fonrdrienier  machine,  1037 
Fractional  crystallixation,  17 
Franklinite,  382 
Frasch  process,  253,  600 
Free  acid  test,  713 
French  varnish,  825 
Frrach  sine  oxide,  382 
Friedel  and  Croft  reaction,  220 
Fruit  esters,  801 

oib,  801 
Fuels,  102 

classification  of,  102 

definition  of,  102 

elementary  constitutitai,  102 

gaseous,  118 

Uquid,  117 


Fuels,  solid,  106 
FulleNLehigh  pulveriser,  4 
Fullers  earth,  605 
Fulminates,  1090 
Furnaces,  blast,  416 

muffle,  18 

pot,  340 

reveriieratory,  17 

revolvbg,  18 

Siemens,  119 

tank,  342 
Fusible  alloys,  226 
Fusion  process,  297 
FusUo,  1016 

Gadolinite,  255 
Gadolinium,  230 
Gallium,  230 
Galvanised  iron,  256 
Gambia,  1017 
Garbage  reduction,  451 
Gas,  496 
Gas  coal,  487 

analysis  of,  488 
Gas  engine  oils,  716 
Gas  oils,  513 

characteristics  of,  51S 

efFect  of  temperature,  516 
Gaseous  fuels,  118 
Gasoline,  123,  607 

gas,  532 
Gay-LussBc  tower,  164 
Gelatin,  1114,  1126 

dynamite,  1088 
General  processes,  1 
Geranial,  783 
Geranium  oil,  798 
Germanium,  230 
German  sUver,  229,  236 
Gin,  966,  973 
Glacial  acetic  acid,  64A 
Glass,  336 

annealing  of,  366 

blowing,  351 

casting,  350 

colored,  357 

cdoring  materials,  330 

finishing,  358 

high  color,  346 

low  color,  346 

melting  process,  344 

pressing,  351 

properties  of,  336 

sandy,  346 

seedy,  346 

specific  gravity,  336 

stony,  316 

wavy,  346 
Glauber's  salt,  214 
Glaies,  334 
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Globulin,  1202 
Glover  tower,  141 

capacity  of,  151 

cooatructioD  of,  147 

reactiona  in,  144 
Glover-Weet  vertical  retorts,  48 
Glucinium,  230 
Glue,  1114 

bookbinding,  llSfl 

chemical  oonatitution,  1116 

colloidal  condition,  1115 

leather  goods,  1126 

paper  boxes,  1126 

Bizing,  1125 

uiies  of,  1 126 

veneera,  1125 

wood  jointB,  1125 
Glue  manufacture,  II  IS 

boiling  process,  1119 

bone,  1117 

clarificatioii,  1121 

drying,  1121 

fresh  bone,  11  IB 

grading,  1122 

hide  stock,  lllS 

limiag,  1116 

open  Unk,  1120 

preparation  of  stock,  1116 

pressure  tank,  1120 

sinews,  II 17 

temperature,  1120 

treating  of  liquors,  1121 

washing,  1116 
Glue  testing,  124 

adhesive  strengtb,  124 

absorption  teet,  1124 

binding  strength,  1124 

comparative  set,  1124 

foam,  1124 

grease  in,  1124 

jelly  strength,  1124 

keeping  properties,  1125 

melting  point,  1124 

running  test,  1123 

viscosity,  1123 
Glucose,  898,  905 

char  filter,  909 

commercial,  904 

concentration,  910 

converter,  908 

horizont^  converter,  BOS 

malt,  912 

manufacture  of,  970 

vertical  converter,  908 
Gluten,  896,  914 

analysis  of,  901 

drying  of,  902 
Glycerine,  468,  739 

by  product,  740 

i^^cally  pure,  750 


Glycerine,  constitution  of,  788 

dynamite,  750 

foots,  751 

Garrigus  system,  748 

Heckmann  system,  745 

historical,  739 

Jobbins  process,  746 

products  of,  749 

pure,  742 

purification  of,  7& 
.  s^mnification,  740 

saponificaticm,  crude,  741 

shipping  of,  751 

soai>4ye  crude,  741 

sources  of,  740 

steam  distillation,  744 

vacuum  distillation,  744 

Van  Ruymbeke  process  746 

Wood  process,  746 

yield  of,  II05 
Goat  skins,  1105 

vegetable  tanned,  1105 
Gold,  231,  300,  301 
Goldschmidt  process,  2i*7 
Gondolo  method,  237 
Grain  alcohol,  980 
Grape  sugar,  911 
Gnq>hite,  399,  427 

grease,  719 
Grappier  cement,  312 
Grass  oQs,  795 
Gray  lime,  645 
Greases,  718 
Green  lake,  390 

vitriol,  232 
Gnuding,  I 
Guaiacum,  817 
Guano,  440 
Guignete  green;  229 
Gum  beniin,  782 
Gumbo  clays,  331 
Gum  labdanum,  782 
Gumming  test,  712 
Gum-resins,  712,  818 
Gums,  815 
Gun  cotton,  1076 
Gusher,  602 

Gutmann  tnndenser,  201 
Gutta-percha,  848 
Gypsum,  226,  324,  401 

kettle,  326 

Haber  process,  295 
Haddock  liver  oil,  672 
Hair  stock,  447 
Half  boiled  soap,  786 
Hall  procev,  219,  297 
llalowas  oil,  68S 
Hard  lead,  223 
Harding  conical  ■pin,  S 
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Hard  rubber,  S42 

Hardwood,  distilUtion,  638 

Horgreave-Bird  proceea,  266 

Hargreave-Robinaon  method  213 

Harness  leather,  1101 

Hanthom,  790 

He«t  of  cotDbuatioD,  104 

Heavy  ml,  567 

Helio  fast  red,  397 

Heliotrope  flower  oila,  791 

Heliotropine,  791 

Helium,  24S 

Hemlock  bark,  1111 

Hemp  seed  oil,  658 

Herb  oik,  800 

High  speed  steel,  429 

Hofges  water  still,  S2 

HoUow-structural  material,  333 

Hollow  ware,  353 

Hoof  meal,  447 

Hooker  ceU,  267 

Horn  meal,  447 

pith,  1116 

silver,  246 
Bops,  030 
Horeea  toot  oil,  674 
Hone  tallow,  680 
House  paints,  composition  of,  407 

making  of,  406 
Humidified  air,  1164 
Humus,  439 
Hyacinth  oils,  784 
Hydrar^t«,  260 
Hydrated  lime,  310 
I^dratropic  aldehyde,  784 
Hydraulic  lime,  312 

main,  476 

presaee,  40 
Hydrochloric  acid,  216 

by-product,  216 

history  of,  216 

from  salt,  215 

methods  for  condeoBing,  216 

occurrence  of,  215 

production  of,  217 

purity  of,  217 

usee  of,  218 


generator,  539 

peroxide,  231 
Hydrogenated  oDe,  701 

in  Boap,  703 

edible,  707 

lAea  of,  703 
Hydroquinone,  468 
Hydrogenation  of  oUs  701 

practice,  703 

Unks,  705 
Hypochlorite,  274 
HydrcJysis  of  starch,  904 


oa,  n7 

Iceland  mosa,  81 S 
Illuminating  gas,  472 

classification  of,  472 

composition  of,  474 

constituents  of,  473 

development  of,  472 

laboratory  control,  524 

properties  of,  474 
lUuminating  oils,  507,  612 

color  of,  612 

lamp  teat,  613 
Impurities  in  water, 
Indian  red,  397 
Indigo,  1012 

application  of,  1013 

chemistry  of,  1012 

extracts,  1013 

fermentation  vat,  1013 

hydrosulphite  vat,  1013 

white,  1012 

Bine-lime  vat,  1013 
Indirect  evaporation,  10 
Indium,  231 
Industrial  alcohol,  978 

aspects  of  water,  55 
Infuaorial  earth,  400 
Iodoform,  302 
Insoluble  aso  colors,  1024 

red  woods,  1010 

shrilac,  851 
Iodine,  231,  280 
lonone,  796 
Irish  moss,  818 

whiskey,  071 
Iron,  232,  206,  416 

buff,  1017 

corrosion,  of,  430 

effect  of  carbon  m,  427 

liquor,  232 

ores,  416 
Irone,  796 

Irrigating,  water  for,  72 
Ivury  black,  309 

Jana  glass,  338 
Japans,  baking,  861 

driers,  861 
Japan  wax,  370,  684 
Jasmine  blossom  oil,  787 

flower,  787 
Jaw  crusher,  1 
Jonquil,  788 
Jordan  engine,  1036 
Juniper  oil,  797 
Junker  calorimeter,  106 
Jute,  1004 
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Eaetner-KellDer  proom,  262 

Lead  dioxide,  233 

Kauri,  817 

nitrate,  234 

Kdp,243 

oxide,  235 

Kettle,  soap,  724 

peroxide,  239 

Bt«atn  jacketed,  10 

sulphate,  234,  304 

Khaki,  228,  1017 

Leaded  zincs,  389 

Kier,  circulatiDg,  909 

Leather,  10B2 

Kieeerite,  234 

scrap,  448 

Kilns,  18 

Leblanc  prooes^  248 

continuous,  807 

Lemon  oil,  704 

ring,  310 

Lemongrass  oil,  706 

rotaiT,  319 

Leveling  agents,  1003 

vertical,  308 

Id^t  oil,  examination  of,  580 

Kirschwaaser,  977 

Kitchen  equipment,  1182 

Lignite,  108 

Kombranntwein,  066,  072 

analysis  of,  109 

Koopew  oven,  482 

Ligno  ceUuIose,  651,  1040 

Kraft  paper,  1046 

Lilac  flower  oils,  798 

KraeuBen,937 

Lily  flower  oils,  787 

Knipton,  233 

Kulmbacher,  04fi 

Ume,  304,  306 

Kummel,  078 

hydrated,  310 

hydraulic,  312 

Lac,  810 

lee,  645 

conatitution  of,  822 

water,  226 

dye,  820 

lJmartone,226 

sulphur,  253 

Liming,  1097 

Ucquere,  826,  863,  1062 

of  land,  430 

lactoee,  1207 

Linalool,  788 

Lactic  acid,  468 

Linalyl  acetate,  793 

Lager  beer,  021 

Linen,  1003 

American,  032 

Linolenic  acid,  603 

Uke8,220,402 

Linolic  acid,  693 

lamp  black,  300 

Linonyn,  P56 

lAinp,  filaments,  lOSO 

Linseed  cate,  696 

Linseed  oU,  401,  657,  690 

adulteration  in,  699 

lADolin,  685 

application  of,  689 

Lanthanum,  233 

boiled,  607 

I^rd,  681 

boiling  of,  862 

compound,  681 

breaking,  853 

oil,  675 

characteristic  of,  602 

I-aughing  gas,  228 

color  in,  695 

COnstautB  of,  608 

acid  rinse,  761 

drying  properties,  607 

6tBt  Buds,  760 

in  paints,  694 

cold  rinse,  760 

colored  fabrics,  764 

refining  of,  606 

dampening,  7^ 

weight  of,  853 

growth  of  industry,  758 

Liqueis,  076 

marking,  755 

Liquy  air,  288 

Bilk,  764 

anunonia,  222 

water  supply  for,  750 

chlorine,  274 

wool,  764 

fate,  656 

Laundry  soaps,  756 

fuels,  117 

Lavender  oih,  799 

soaps,  733 

Lead,  300,  362 

waxes,  682 

Lead  poisoning,  371 

Litharge,  233 

LithargI,  233 

Lrad  carbonate,  23  i 

lithium,  234 
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Lithium,  csTbooate,  234 

saticykte,  234 
Lithographic  oils,  862 
Lithol  red,  397 
Lilhopone,  22fi,  395 
Liver  oils,  666,  671 
LixiyiatioD,  16 
Llama,  Wl 
Loam,  435 
Logwood,  1013 

aging  of,  1014 

application  of,  1016 

chemiatry  of,  1014 

extracts,  1016 

liquor,  1015 
Long  oil  varnish,  856 
Loom  oils,  721 
Louisiana  sulphur,  262 
Lowe  apparatus,  SOB 
Lowig  process,  220 
Lubricating  oils,  600,  613,  711 

closed  test,  614 

cold  test,  614,  715 

color  teat,  614 

emu  la  ifi  cation  test,  7)2 

evaporation  teat,  713 

fire  teat,  713 

flash  test,  713 

fluidity  of,  614 

free  add  teat,  713 

friction  test,  715 

gasoline  test,  712 

gumming  test,  712 

heat  test,  712 

iodine  number,  714 

manufacture  of,  711 

maumene  teat,  714 

odor,  Q14 

saponification  value,  714 

Boap  test,  714 

specific  gravity,  714 

viscosity  of.  614,  712 
Lummus  refining  still,  32 

vacuum  still,  31 
Lump  burner,  132 

operation  of,  134 

Macerating  process,  769 
Machine,  centrifugal,  11 
Madder,  1019 
Magnesia  cement,  231 
Magnesite,  234 
Magnesium,  298 

chloride,  234 

oxide,  234 

sulphate,  234 
Mahler  calorimeter,  lOS 
Malachite,  229 
Malleable  cast  iron,  433 
Malt  beers,  B33 


Malt  glucose,  912 
Malting,  919,  M6 

operations,  MO 
Maltose,  120B 
Manganese,  235 

dioxide,  236 

manure,  462 

steel,  429 
Manga  nous  sulphate,  2S6 
Mangier,  765 
Mangrove  bark,  1112 
Mantles,  gaa  light,  233 
Maraschino,  977 
Marble,  226 
Marine  animal  oils,  666 

ei^ne  oils,  720 

pauits,  411 
Mart,  310 
Maying,  933 
Mash  tun,  93S 
Mastic,  817 

varnish,  862 
Matches,  255 

double  dip,  256 

history  of,  266 

safety,  257 

single  dip,  266 
Matheaon  process,  369 
Mechanical  fixing  agents,  1008 
Megaase,  871 
Melting  pots,  342 

resins,  854 
Menhaden  oil,  666 

blearhed  winter.  699 

bleached  winter  white,  669 

brown  strained,  66Q 

cooking  of,  667 

crude,  670 

pressing  of,  667 

properties  of,  609 

strained,  667 

technology  of,  669 

uses  of,  669 

yield,  669 
Mercerized  fabrics,  1068 
Mercuric  chloride,  236 
Mercuraus  chloride,  236 
Mercury,  236 

fulminate,  1090 

oxide,  236 

vermilion,  397 
Mersserschmidt  process,  630 
Metacreaot,  668 
Metal  painta,  410 
Metallic  mordants,  1007 

application  of,  1009 
Metallic  soaps,  738 
Methane-hydrogen  gas,  537 
Methane-hydrogen  generator,  636 
Methyl  alcohol,  469 
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Methyl  utthnnQate,  786 

s&lieylate,  701 
Mild  pTocen,  300 
Military  gim  cotton,  1076 
Milk,  condeDBed,  1170 

evapomted,  1176 

powder,  1170 
Mill  houK,  924 
Miltiag  machine  oUb,  720 
Mills,  Ull,  4 

buhntone,3 

conical,  6 

pebble,  5 

pug,  332 

roller,? 

■ug&r  cane,  800 

tube,  6 
Mineral  bUck,  400 

dyeeturTB,  1017 

fiber,  9S2 

matter,  1200 
Minium,  233 
Miqiickel,  224 
Mitchell  method,  831 
Mixed  rye  bread,  1184 
M.N.T.,  1084 
Mohair,  991 
Molaases,  802 
Molding,  332 
Molybdenite,  236 
'  Mo^bdeoum,  236 
Monapol  oil,  664 
Mouaiite,  233,  263 
Montan  wax,  686 
Moonshine  whiskey,  967 
Mordant  add  cohm,  102S 

colors,  artificial,  1022 
Mordanting  Besistanta,  lOOg 

of  cotton,  1010 

of  Bilk,  1009 

of  wool,  1009 

principlea,  1007 

procesB,  1008 
Mordants,  1007 
Mortar  materials,  SOI 
Mottled  Boape,  737 
Muffins,  1181 
MufSed  fumaoe,  18 
Multiple  effect,  20 
Muak,  780 
Mutton  tallow,  680 
Myrabolans,  1112 
Myristic  acid,  693 
Myrtle  wax,  684 

Naphtha,  fi07 

Naphthalene,  460,  S60 
EoruUtere,  499 
^-sulphonic  add,  409 

Naphtbol,  469 


Naphthol  eBtera,  788 

Narce88a,788 

Natural  cements,  304,  312 

^s,  122,  607 
Naval  stores,  811 
Near  been,  041 
Neatsfoot  oil,  674 
Neodymium,  236 
Neon,  236 
Nendio  oil,  787 
Nemat  lamp,  256 
Neutral  oils,  720 
New  flower  perfumes,  799 
New  mown  hay  oils,  790 
Nickel,  300 

aUoysof,  236 

catalyiers,  701 


steel,  428 
Nii^t  soil,  462 
Nigre,  729 
Niobe  oil,  786 
Niter  control,  160 

potting,  132 
164 


Nitranitin 
Nitrate  of  iron,  23S 
NitratoTs,  38 
Nitric  acid,  lOt 

condensation,  200 

contact  proceM,  207 

distillation,  200 

industrial  impurities,  101 

manufacture,  193 

occurrence  of,  101 

properties,  192 
Nitrobeniene,  469 
Nitrooelluloee,  1074 

displacement  method,  1077 

mechanical  dipping  method,  1078 

process  of  nitration,  1075 

purifying,  1079 

raw  materials,  1075 
Nitrogen,  433 

in  ammoniacal  liquor,  222 

fixation  of,  289 

occurrence  of,  236 

preparation  of,  230 
Nitroglycerine,  1034 

process  of  manufactuM,  1085 

raw  inBl«rialB,  1085 
Nitrostarch,  1080 
Nitrous  oxide,  223 
Non-drying  oils,  604 
Non-inflammable  wax,  685 
Non-metallic  mordanta,  1007 
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Ochre,  898 

Odor  effecta,  neir,  7M 


UUK,  792 
bay,  793 
ber^unot,  798 
bircb,  791 
bitter  almond,  792 
boiled  linaeed,  697 
CHsaie,  797,  800 
caator,  fld4 
cedar,  797 

China  wood,  401,  657 
onfiaman,  800 
dtniDella,  795 
dove,  799 
cocoanut,  678 
cod  liver,  071 
com,  401,  659 
cotton  seed,  659 
crotan,  603 
dog-fish  liver,  673 
dolphin,  674 
egg,  675 
eucalyptus,  798 
gnanium,  798 
haddock  liver,  672 
halonax,  685 
honpseed,  658 
hones  foot,  674 
jasmine  bloasom,  787 
juniper,  797 
Urd,  675 
lavender,  799 
lemon,  794 
lemongrags,  796 
linseed,  401,657,  690 
menhaden,  666 
monopol,  664 
ueatsfoot,  674 
neroli,  787 
niobe,  786 
olive,  665 
dive  kernel,  60S 
<deD,  682 
omnge,  798 
writ,  796 
palm,  676 
palmrosa,  796 
patchouly,  784 
peach  kernel,  664 
peanut,  665 
pelargonium,  798 
peppwmint,  800 
perilla,  667 
pine,  401 
poppy.  658 
'      674 


Oil,  pumpkin  teed,  680 
rape,  663 
red,  661 


aalmon,  671 
sandalwood,  797 
sardine,  671 . 


seal,  672 

sesame,  663 

shark  liver,  072 

shea  nut,  679 

sheeps  foot,  674 

soluble,  664 

aoja  bean,  650, 401 

8taiulMa,721 

"stand,"  862 

Bunflow^,  658 

table,  663 

tallow,  675 

tobacco  seed,  068 

tung,  667 

turkey  red,  664 

turpentine,  798 

whale,  672 

wintergre^i,  791 

yUng-ylang,  798 
OU  cake,  700 
Oil  dag,  721 


Oilg 


,122 


Oil  tannage,  1107 
Oillesa  bearinga,  721 
Oils,  air  compresMW,  7 

animal,  606 

automobile,  716 

belt,  716 

black,  717 

bleaching  of,  686 

blubber,  666 

car,  716 

dtrus,  793 

cracking  of,  617 

crank  case,  717 

cylinder,  717 

edible,  fiS2 

engine,  718 


766 
fish,  666 
fruit,  801 
gas  engine,  716 
grass,  795 

hdiotrope  flower,  761 
herb,  800 
hyacinthe,  784 
hydrogenated,  701 
hydrc^enation,  701 
ice  machine,  717 
lilac  flower,  798 
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Oils,  lithagraphie,  862 

liver,  066,  fi71 

loom,  721 

lubricating,  7)1 

niBdrine  imimal,  666 

marine  engine,  720 

milling  machine,  720 

neutral,  720 

new  mown  hay,  790 

non-drying,  664 

reduced,  716 

sorew-eutting,  721 

semi-drving,  658 

aoluble,  7K) 

spice,  800 

terrestrial  animal,  674 

textile  machinery,  721 

transformer,  721 

v^etable,  656 

vetiver,  796 

watch,  722 

well,  717 
Oleic  acid,  469,  603 
Olco  oil,  eS2 

Oleo  rcainoUE  varnishes.  853 
Oleo  r««iaa,  815 
Oleo  press,  44 
Olive  kernel  oil,  66o 
Olive  khaki,  228 
Olive  oil,  665 
Open  hearth  steel,  421 

tank  filter,  9 
Optical  RlaSB,  356 
Orange  flower,  787 

oil,  794 
Oropon,  1100 
Orpiment,  224 
Orris  root,  796 
Oreein,  1117 
Ortho  cresol,  568 
Osage  omnge,  1016 
Osmium,  237 
Otto-HoHman  ov»i,  114 
Oven,  gas  tar,  555 
Oxalic  acid,  470,  1066 
Oxidation  of  ammonia,  292 
Oxidoied  starch,  913 
Ox.v-ccUuloee,  1055 
Oxygen,  282 

Boussingniilt-Brin  Bros.,  proceCB,  237 

ram  liquid  air,    238 

electrolytic,  237 

Tbcasie  de  Motay  process,  238 
Ocokerite,  608 
Oiooe,  236 

Paint  clays,  331 
factory  arrangentent,  406 
industry,  406 
industiy,  growth  of,  406 


Faints,  404 

durability  of,  408 

linseed  oil  in,  694 

Palladium,  242 
P&lm  bleaching  of,  676 

kernel  oil,  678 

kernel  stcarine,  678 

oil,  676 

wine,  975 
Palma-rosa  oil,  795 
Palmetto  extract,  1113 
Palmctic  acid,  693 
Pan  boiling,  896 

crystallizing,  17 

vacuum,  19 
Paper,  1058 

kruft,  1045 

rag,  1034 

wood,  1040 
Pi^ier  eUys,  331 
Paper  industry,  1033 
Paper  making,  1033 

calenders,  1039 

cooking  pressure,  1042 

digesters,  1041 

historical,  1033 

mechanical  procMB,  1040 

raw  material,  1034 

mw  stock,  1033 

Robert  patent,  1036 

Boda  process,  1041 

sulphite  process,  1043 

wet  machine,  1040 

water  for,  66 
Para  cresol,  569,  788 
Paraffin,  601  ~ 

color  of,  615 

melting  point  of,  615 

odor  of,  616 

oil  in,  616 

tast«  of,  616 

wax,  604,  615 
Parchment,  vegetable,  1058 
Purer,  1167 
Patchouly  oil,  784 
Patent  leather,  Itll 
Paulics  process,  250 
Paving  brick  clays,  331 
Peach  brandy,  977 
Peach  kernel  oil,  664 
Peanut  oil,  665 
Pearlite,  427 
Peat,  107 

analysis  of,  108 

filler,  463 
Pebble  mills,  5 
Pecto-ccUulose,  1048 
Pelargonium  oil,  70S 
Pelta,  1003 
Peppermint  oil,  800 
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Perfume,  773 

constitution  of,  773 

mat«riale,  774 

new  flower,  79B 
Pentla  oil,  067 
Perkin  reaction,  790 
ParmaDeot  vermilion,  307 
Permutit,  M 
Peroxidee,  242 
Pereiui  berries,  1017 
Petn^tum,  606 
Petiolene,  617 
PetrtJeum,  117,  588 

asphalt  base,  607 

constitution  of,  JS88 

industry,  588 

locaUty  of,  690 

origin  of,  588 

products  obtained  from,  593 

refining  of,  693 

specific  gravity,  611 

steam  distillation,  (C4 

BtOls  for,  594 

nilphur  content,  600 

sulphur  in,  611 

testing  of,  609 

transportation  of,  693 

world's  production  of,  691 
niarmacopceial  collodion,  1063 
Phenol,  470,  668 

esters,  788 
Phenols,  772 
Phenyl  acetic  acid,  784 

aldehyde,  784 
Phojyl  ethyl  alcohol,  784 
Phosphate  crude  stock,  434 

rock  industry,  4S3 
Phosphor  bronse,  229 
I^HMphoric  acid,  433 
Phosphorus,  242 
PhotoKTAphic  film,  1063 
Photometer,  625 
Phthalic  anhydride,  1019 
Pickling,  1100 
Picric  acid,  1082 
Piee,  1181 
Pig  iron,  233 
Pigments,  281 

application  of,  393 

definitioa  of,  392 

material,  392 
Pimento,  800 
Fine  oil,  401,  648 
Fintscb  ^s,  529 

gas  tar,  566 

high  prcasure  apparatua,  580 
Pipe  clays,  331 
Pitch,  examination  of,  578 

melting  point,  679 
Pitch-blend.  246.  256 


Fitch  lake,  600 
Plantation  rubber,  S38 
Haster,304 

of  Paris,  236,  833 
I^Mtic  masses,  1133 
FlastiM,  1064 
natinum,243 

itais,  174 
Ftumbium,373 
Humbism,  372 
Pok>nium,24S 
Pontianak,  847 
Poppy  oil,  668 
Porcelain,  334 
Porpoise  oil,  674 
Porter,  921 
Portland  cement,  801,  318 

clays,  331 
Pot  days,  331 

furnace,  340 

making,  347 

stills,  199 
Potash,  434,  980 

alum,  221 

caustic,  244 

crude  stock,  434 
Potassium,  208,  243 

carfoonate,  244 

dilorate,  276 

chloride,  244 

cyanide,  244 

dichiomate,  228 

ferrii^anide,  244 

ferrocyanide,  244 

hydroxide,  244 

nitrate,  244 

permanganate,  234 

titanium  oxalate,  264 
Potato  starch,  903 
Pottery,  330,  334 
Praseodymium,  244 
Prentice  process,  194 
Prepared  horn  pith,  1116 

paints,  404 
Press,  abrasive,  41 

oluunois  skin,  41 

curb,  44 

filter,  8 

oleo,44 

seed,  45 

tankage,  43 

wine,  47 
Presses,  hydraulic,  40 
Pressure  filters,  76 
Priming,  67 
Priming  mixtures,  1001 
Prince's  metallic,  398 
Printing,  textile,  1026 
Producer  gas,  118 
Prohibition  beers,  941 
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Prohibition  law,  041 
Proof  spirit,  966 
Proteins,  1200 
Protoplaem,  1199 
Prune  brandy,  977 
Pruaaian  blue,  398.  1017 
Puerine,  1100 
Puering,  1099 
Pug  mUls,  332 
Pulp,  diemical,  104 1 

lead,  365 

mixed  white  lead,  366     . 

eoda,  1041 
Pulverizer,  Fuller-Lehigh,  4 
Pumpkin  seed  oil,  659 
Purifier,  water  scaled,  504 

diy  seal,  505 
Puzzolan  cement,  304 
Pyridine,  470 
iSTntea,  128 

burning  of,  130 
Pyro,  1076 
iSroKallol,  470 
I^ToliKncoua  aoid,  639 
Pyroluaite,  235 
iSnroxlin,  1056 

solution,  1062 

vamieh,  852 

Quality  of  water,  63 
Quebracho  extract,  1112 
Quercitron  bnrk,  1016 
Quicksilver  vermilion,  397 

B  salt,  47 

Radio  active  substAoces,  245 

Radium,  244 

Rag  boUer,  1034 

boiling,  1035 

paper,  10S4 
Railroad  powder,  1089 
Rape  oil,  663 
Rapid  aand  filtratioD,  75 
R&re  earths,  233 
Raw  eilk,  991 
Readman  procen,  288 
Realgar,  224 
R«clainied  rubber,  831 
Red  lead,  233,  396 

liquor,  220 

oU,661 

precipitate,  236 

wine,  960 
Red  woods,  1015 
Reduced  oil,  716 
Reducers,  38 
ReBnbg  still,  32 
Refractories,  332 
Refrigeration,  37 


Refuse  la<^  821 
R^ieueratire  bench,  486 
Resinous  woods,  639 
Resins,  815,  853 
Resorcinol,  470 
Retort  clays,  331 

gas  tar,  555 
Retorto,  coal  gas,  477 

fixed,  637 
Reverbcratory  fumaoe,  17 
Revolving  dryer,  15 
Revolving  furnace,  18 
Rhodinol,  783 
Rhodium,  245 
Ribbed  filter,  8 
Rice  starch,  904 
Ring  kihi,  310 

pits,  332 
Rotating,  17 
Roller  mills,  7 
Rolling  jack,  1110 
Rolls,  1181,  1184 

crushing,  2 
Rose  flower  products,  78S 

oil,  783 
Rosin,  860 

sapoui&cation,  727 
Rotary  dryer,  vacuum,  13 

filter,  fl 

fine  crusher,  2 

kilns,  319 
Rowley  process,  369 
Rubber,  827 

botany  ot,  827 

breaking  down,  838 

calendering,  839 

chemical  properties,  828 

coagulation,  835 

commerce  in,  828 

covered  wire,  841 

definition  of,  827 

drying,  S37 

geography  of,  828 

improvement  of,  835 

mineral  fillers,  833 

mixing,  838 

MCMiic  fillers,  832 

phymcal  properties,  828 

IHiocessea,  83fi 

proteid  fillers,  834 

reclauned,  831 

research  in,  844 

solvents  for,  834 

synthetic,  844 

textiles  for,  835 

vulcanising,  840,  84d 

washing,  836 
Rubbing  vanuih,  S6S 
Rubidium.  245 
Ruby,  220 
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Rum,  966,  974  . 
Rusks,  1181 
Rulheniuin,  246 
Rye  breftd,  1184 

Saccboriiie,  470 
Saccharose,  1205 
Safety  powder,  1089 
Safrol,  791 
Sal  ammoniac,  223 
Salad  oil,  663 
Salicylic  acid,  471 

esten,  790 
SalmoD  oil,  671 
Salt,  208 

oake,  248 

grades  of,  212 

impurities  in,  211 

methods  of  working,  20B 

mining,  200 

puri6eation  of,  210 

purity  of,  214 
Samarium,  245 
Sanatol,  797 
Sandalwood  oil,  797 
Saudarac,  817 
Band  filtration,  74 
Saponified  rosin,  727 
Sapphin,  220 
Sardine  oil,  671 
Sassafras  oil,  791 
Sauternes,  961 
Scale  formatioD,  61 
Scandium,  245 
Schaefrer'e  salt,  471 
Schnapps,  966,  972 
Scotch  whisky,  971 
Scouring  powder,  784 

soaps,  734 
Screw  cutting  oils,  721 
Scrubber,  499 
Seal  oil,  672 
Searks  Uke,  248 
Second  suds,  760 
Sedimentation,  7 
Seed  lac,  820 

Selenium,  24S 
Senet-Solvay  oven,  116 
Semi-dryiog  oils,  658 
Separator^  139 

centrifugal,  139 

modern,  140 
Serpentine,  234 
Seaame  oil,  663 
Sewer-pipe  clays,  330 

manufacture,  333 
Shale  oil,  607 
Shari  liver  oil,  673 
Shaving  cream,  738 
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Sb&ving  machine,  1100 

soap,  738 
Shea  butter,  679 

nut  oil,  679 
Sheep  skins,  1104 
Sheep's  foot  oil,  674 
Shelf  dryer, 
Sbdlac,  819,  820 

analysis  of,  822 

bleached,  823 

insoluble,  851 

properties  c^,  822 

refined,  825 

uses  of,  826 

T&mish,  825,  8S1 

wax,  685 
Shin^e  stabs,  413 
Sicily  sulphur,  252 
Siemens  furnace,  US 
Sifting,  7 
Silicft,  400 

ware,  246 
Silico  bronze,  229 
Silicon,  246 

Bteej,  429 
Silk,  991 

artificial,  1005,  1060 

bleaching  of,  994 

boiling  of,  992 


993 

eelluloM  nitrate,  1060 

cuprammonium,  1001 

fiber,  994 

mordanting  of,  1009 

physical  prap^ies,  998 

raw,  991 

vwcoae,  1005, 1061 

weighting,  232 

wUd,  994 
Silver,  300 

bromide,  246 

chloride,  .246 

iodide.  247 

nitrate,  247 
Skins,  structure  of,  1091 

soaking  of,  1094 


fflaek* 
Slaughter  bouse  tankaB^  4fi0 
Short  oU  Tamiab,  856 
»ibowits,  996,  975 
Slicing  machine,  1106 
ffiip  clays,  331 
Sow  sand  filtration,  74 
andgeaod,  G99 
Smalite,  224 
Smalt,  224 
Smithsonite,  382 
Smokdeaa  powder,  1060 
stabiliien  for,  1081 
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Soap,  723 

added  ^nlet,  727 

allulinity  of,  726 

boiling  laundry,  726 

cnitchiDK,  729 

cutting,  730 

direct  saponiScatiMi,  727 

finisliing,  728 

framing,  730 

gniiDing,  726 

history  of,  723 

kettle,  724 

preasing,  730 

roein  change,  727 

second  change,  727 

aecond  roBin  change,  72S 

settling,  729 

slabbing,  730 

stripping,  730 

strong  change,  728 

test,  714 

wrapping,  730 
Soap  making,  725 

tanks  for,  725 

theory  of,  723 
Soap  mills,  736 
Soap  powders,  723 

continuous  method,  733 

discuBNOn  af,  734 

fluSed,  733 

framing  method,  733 

for  bailer  use,  738 

dd  style,  733 
Soaps,  boiled  toilet,  734 

castile,  738 

daasification  of,  724 

cold  process,  737 

floating,  737 
.  half  boiled,  736 

liquid,  736 

milling,  735 

plodding,  735 

shaving,  738 

soft,  736 

transparent,  738 
Soda  biscuits,  1184 

process,  1041 

pulp,  1041 
Sodium,  298 

aceUte,  646 

acid  sulphate,  213 

alumina te,  2fil 

ammonium  alum,  221 

bicarbonate,  251 

bisulphite,  252 

carbonate,  201 

chlorate,  277 

chloride,  251 

dichromate,  229 

nitrate,  251 


>,251 


peroxide,  247 
Btannate,254 
sulphate,  252 
eultdiide,  252,  lOOe 
sulphite,  252 


soaps,  736 
Soggw  elajn,  331 
8o3  moiature,  438 
Soils,  oarfaonio  add  on,  439 

propertiea  of ,  437 

sulphur  requirements,  446 
Sole  leather,  1102 
Solid  fats,  675 

fwjs,  106 

waxes,  683 
Solids,  conveying,  34 
Soluble  oils,  604,  720 

red  woods,  1015 

starch,  913 
Solvay  process,  250 
South  Carolina  phosphate,  456 
Soya  bean  oil,  401,  069 
Sfmr  varnish,  855 
Sparkling  wines,  9(Q 
^mmoil,  682 


Sphalerite,  382 
^ice  oils,  800 
kindle  distillate,  606 

on,  604,  721 
Spiral  feed,  6 
Spirit  vamish,  851 
^thtting  nsachine,  1109 
6|N>ntaneous  evaptffation,  IS 
Staining,  1006 
Stainless  oils,  721 
"Stand  oil,"  862 
Stannic  ehh»ide,  254 
StaBDOue  chloride,  254 
Starch,  898,  1204 

alkaline,  002 

daseifieation,  899 

hydrolyue  of,  904 

■oediod  of  manufacture,  899 

oxidised,  913 

poUto,003 

riee,  D04 

eduble,  913 

sources  of,  899 

thick  boilbig,  899 

thin  boOing,  899,  902 

wheat,  903 
Staidiiiig,  762 
Stossf  ort  depositB,  24S 
SUtion  m^er,  623 
Statuary  broDse,  229 
Steam  jacketed  kettle,  19 
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palm  kernel,  678 
Steel,  296,  415 

oonstructioD  of,  428 

oorroekmof,  490 

heat  treatment  tyt,  429 

ovens,  637 
Stibnite,  223 
Stick  lac,  820 
Still,  column,  30 

Bodgn  water,  82 

Lummufl,  32 

pot,  199 

vacuum,  31 
Stock  odlar  opwation,  988 
Stokera,  110 
Stoneware,  334 

days,  330 
Storage  tanks,  163 
Stout,  921 
Stnp  leather,  1102 
-    Strontianite,  252 
Strontium,  252 

nitrate,  252 
Structural  brick,  332 
Styrax,  783 

Sublimed  white  lead,  896 
SubuitiHte  of  bismuth,  22S 
Sucrose,  866 
Suction  filter,  8 
Sugar,  866 

bag  filtration,  886 

earbonation  iffoceaa,  784 

char  process,  885 

crystallisation  of,  876 

curing  of,  880 

ddecating,  894 

defecatioD  proc«ee,  872 

evaporation  of  juice,  67S 

minting,  804 

pan  boiling,  896 

purging,  880 

Bulphitation  prooeaa,  874 

washing,  894 
Sugar  cane,  866 

analysis  of,  867 

extraction  of  juice,  868 

nulls,  860 

purificati<Hi  of  juice,  873 
Sugar  refining,  803 

cryetalliiatton,  886 

curing,  896 

process  diagram,  891 

taw  materisls,  883 
Sugars,  1206 
Suint,  985 
Sulphanilic  acid,  471 
Sulphit«  proccM,  lOU 


Sulphonatora,  30 
Suti^ur,  127 

burning,  129 

in  coal,  494 

colon,  1022 

Bour  of,  253 

flowers  of,  253 
Sulphur  monochloride,  253 
Sulphuric  acid,  124 

chamber  construction,  168 

concentration  of,  173 

corrosive  properties,  127 

cost  of  manufacture,  126 

industrial  positioa,  124 

oceurrrace  of,  124 

propertiefi  of,  126 

purification  of,  169 

raw  materials,  127 

storage,  180 
of,  125 
oil,  668 
Superphosphate,  460 

chemistry  of,  460 
Surface  contact,  156 
Sweating,  1096 
Sweet  water,  744 

wine,  961 
Sweetlsod  filter,  9 
Swenson  evaporator,  25 
Synthetic  alcohol,  794 

aldehyde,  794 

musk,  78t 

p^ume,766 

ruUter,  844 
Syrup,  896 

TwiAt  oil,  663 
Tale,  234 
TaQow, 679 

oil,  675 

TegeUble,678 

water  in,  725 
Tankage  press,  43 

press  water  from,  449 

slaughter  house,  460 
Tank  furnace,  342 
Tanks,  storage,  153 
Tank  water,  utilisation  of,'  440 
Tannage,  vegetable,  1101 
Tannin,  471 

chemistry  of,  1113 
Tanning  opoationa,  1101 

water  for,  68 
Tantulum,  2S3 
Tapioca,  OOi 
Tar,  i^iplication  of,  SSft 

carbon,  674 

distillation  ot,  658 

examination  of,  672 

extractor,  498 
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T«roila,e47 

Turkey  red  oil,  664 

separator,  501 

Turpentine,  402,  648,  803,  860 

apecifio  gravity,  678 

American  improvemoit^  804 

8till,  6fi6,  567,  648 

ccmtainers  for,  809 

T&luation  of,  572 

crude,  807 

volatile  portion,  574 

distillation  of,  808 

Tutu,  244 

Tartaric  acid,  471 

TeUurium,  254 

future  of  industry,  812 

Terbium.  254 

Teipineol,  648.  798 

oil.  708 

Tcire-olba,  401 

still,  64S 

-Dotta,330 

substitute,  402 

Terrestrial  animal  oils,  666,  674 

wood  spirits,  810 

Twitehell  proMBB,  732,  740 

Textile  coloring,  1006 

Type  metal,  223 

printiDg,  1006,  1026 

Textiles,  082,  1058 

Cebels  process,  195 

machinery,  721 

Ultra  violet  rays,  238 

origin  of,  982 

Unhairing,  1099 

Thallium,  264 

Unhairing  machine,  1090 

Tfaenard  proceas,  370 

Uraninite,  246 

Theory  of  waehing,  766 

Uranium,  2S6 

Thermit  procem,  219 

nieasie  de  Motay  procen,  288 

Vacuum  dehydntioa  1163 

Thulium,  254 

drum  dryer,  14 

Thin  boiUng  starch,  002 

drying,  1166 

ThomBB  proceea,  247 

evaporators,  1163 

Blag,  457 

pans,  19 

lliorium,254 

rotary  dryer,  14 

Thymol,  471 

shelf  dryer,  13 

Tile,  334 

still,  31 

Tin,  254 

Valentineia'  proceas,  100 

Titanite,  264 

Vanadioite,  255 

Titanium.  254 

Vanadium,  256 

Bteel,428 

steel,  428 

T.N.T.,  1083 

VanUline,  800 

Tobacco  fleed  oil,  668 

Van  Dyke  brown,  398 

Ibddy,  076 

Vamidh,  661 

body  of.  858 

T<^ene,  471,  565 

claanof,8Sl 

Tonquio  musk,  780 

Top  fermentation,  943 

dark,  861 

Ibwer  packing,  148 

definition  of,  851 

■tiUg,5e6 

films,  857 

Townaend  cell,  2«7 

floor,  856 

Tragaoanth,  818 

long  oil,  865 

Tranafwroer  oils,  721 

making,  858 

mastic,  862 

-ftayelera.a 

Trinitro  toluene,  1063 

Tube  mills,  6 

00,241 

Tuberoae,  788 

outfit  fw,  867 

Tumeric,  1017 

paH861 

Tung  oil,  667 

pon»tyo(,857 

Tungsten,  255 

propertiM  of ,  8S8 

Turbine  oils,  721 

pyrwtyiin,  86a 
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Vkrnish,  nibbing,  86B 
staellae.  825.  851 
short  oil,  855 
spirit,  851 


Voaeline,  606 
Vat  colore,  1026 
VulcaniiatioD,  84S 
Vegetable,  black  on, 
colors  on,  HOB 
drying  oils,  656 
extracts,  1175 
fats,  675 


parchment,  1058 

tallow,  678 

Unnage,  1101,  1108 
Venetian  red,  396 
Verti  antique,  399 
Vertical  kilns,  308 
Vertical  retorts,  481 
Vetiver  oil,  795 
Vine  black,  390 
Vwlet  odors,  796 
Viscose,  1057 

sUkB,  1006,  1061 
Viwjowty.  712 
Vodka,  966,  976 
Vulcaniied  Gber,  1059 

Ware  clays,  331 
Warm  sweat,  1096 
Waste,  1046 

from  dehydration,  1179 
Washing  machine,  75S 

powder,  733 

theory,  of,  756 
Waat«  gases,  129 

beat  boiler,  510 
Watch  oib,  722 
Water,  48 

analysis  of,  96 

bleaching,  67 

brewing,  64 

distilling,  64 

distillation  of,  96 

dyeing,  67 

foods,  1157 

impurities  in,  49 

industrial  supply,  48 

irrigatbg,  72 

mineral  luialysit,  fit 

paints,  412 

paper  making,  66 

piuificatioo,  241 

quality  of,  48,  58 

■anitaiy  aiialysis,  00 


Water,  scouring,  69 

Bofteneiv,  92 

iwfteaiog,  86 

sterilization  of,  78 

steam  '"«ki"g,  67 

Btitl,  36 

supply,  759 

Unning,  68, 1094 
WaUr  gas,  120,  508 

formation  erf,  611 

fuel,  612 

general  process  621 

operation  of,  509,  520     - 

plant,  522 

Ur,  556 
Water  glass,  246 
Wafera,  1181 
Wax,  684 

bayberry,  684 

bew,  686 

candelilla,  683 

camauba,  683 

Chinese,  684 

Japan,  679,  684 

montan,  686 

myrtle,  684 

shellac,  685 

tailings,  601 

wool,  686 
Waxes,  682 

ctassification,  664 

solid,  683 
Wedge  burners,  1S6 
Weiner  beer,  945 
Wein  beer,  921 
Wdden  process,  260,  271 
Well  oils,  717 
Wet  acid  scrap,  447 
Wet  gas,  607 
Whale  oU,  672 
Wheat  starch,  003 
Whiskey,  966 

American,  968 

distillation,  971 

fermentation,  970 

Irish,  971 

malting  of,  968 

maahmg  operation,  960 

Scotch,  971 

storage  of,  971 
White  arsenic,  224 
White  lead,  360. 394 

grinding  of ,  364 

pulp  mixed,  366 
White  vitriol,  266 
White  ware,  334 
White  wines,  959 
Whitmg  cell,  263 
Whole  rye  bread,  1184 
WOderman  oeU,  264 
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Wildeilk,  9H 
Willemiite,  382 
Wine,  963 

defects  in,  968 

devert,  961 

diseasei  of,  063 

pslm,976 

red,  960 

ipariding,  962 

aweet,  961 

white,  959 

yeaflt«,  9S7 
Wine  nuking,  9S3 

orushmK  grapee,  964 

developmrat  of,  96S 

fennentation,  957 

grapes,  954 

muat,9S5 

ori^crf,  963 

aa,96i 
inggrapM,  964 
Winteigeen  oil,  791 
Withwite,224 
Wolfnmite,  255 
WollaatoQite,  226 
Wood,  106 

alcohol,  S46 
Wood  distillation,  684 

condengers,  638 

extraction  proceoa,  644 

hot  water  procees,  643 

manufacturing  process,  635 

preparatoiy  treatment,  634 

refined  productB,  645 

reain  process,  643 

retorts  for,  636 

steam  process,  642 

theory  of,  660 
Wood  paper,  1040 
Wood  stains,  412 
Wool,  983 

bleaching  of,  987 

carbonising,  990 

chemical  treatment,  067 

crabbing,  090 

fulling,  990 

gnus,  086 


Wool,  mechanical  treatiMnt,  867 

milling,  990 

mordanting,  1000 

potash  in,  988 

scouring  of,  986 

stoving,088 

wax,  686 
Wort,  boiling  of,  936 

oooling  of,  936 

straining  of,  936 
WoulS  bottles,  216 
Wrou^t  iron,  419 

Xenon,  265 
Xylene,  47t,  660 
Xylenol,  S6B 

Yeast  olusters,  038 
Yeast,  properties  of,  038 
Yeast-type,  038 
Yeast,  pure  culture  of,  068 
Yeast,  wine,  067 
Ylong-ylong,  789 
Ytterbium,  255 
Yttrium,  256 

Zaremba  erapontois,  20 
Zinc,  256,  301 

chromate,  398 

green,  309 

lead  white,  306 

oxide,  255,  381,  396 
Zinc  oxide,  384 

American  process,  384 

application  of,  386 

chemistry  of,  385 

French  process,  383 

green  snl,  384 

red  seal,  384 

selected,  384 

special,  385 

milphat«,  266 

white  seal,  384 

XX,  385 
Zmcite,  382 
Zioox,  395 
Zirconium,  26S 
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